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Part I
Preamble

 Overview

Welcome to the STEPWISE edited book! It has four main Parts, with this ‘Preamble’ 
providing readers with a general introduction to STEPWISE—a curricular and ped-
agogical framework that encourages students/citizens to ‘spend’ some of their cul-
tural and social capital, especially in terms of fields of science and technology, on 
promoting ‘wellbeing’ for individuals, societies and environments. This Part begins 
with a ‘Foreword’ Chap. 1 by Derek Hodson, who was my Ph.D. Supervisor and has 
been an inspiration to me for years. More particularly, much of STEPWISE was 
conceived as a response to Derek’s 2003 article, entitled Time for Action: Science 
Education for an Alternative Future. He is, therefore, well-positioned to introduce 
perspectives and practices relating to STEPWISE, including inspiration and guid-
ance regarding needs for socio-political actions to address many of our personal, 
social and environmental problems relating to fields of science and technology 
(often with other fields). His Foreword is then followed by my introductory Chap. 2, 
in which I provide some history of development of the framework(s) and general 
suggestions for its uses. Prior to writing their chapters, all other authors were pro-
vided with an early draft of my introductory chapter—possibly contributing to some 
consistencies in discussions throughout the book.

http://dx.doi.org/10.1007/978-3-319-55505-8_1
http://dx.doi.org/10.1007/978-3-319-55505-8_2
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 The Chapters 

1 FOREWORD: The Significance of STEPWISE for Fostering Life-Long Sociopolitical 
Activism
Derek Hodson

2 INTRODUCTION: STEPWISE – A Framework Prioritizing Altruistic Actions to 
Address Socioscientific Issues
Larry Bencze

I Preamble
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Chapter 1
Foreword: The Significance of STEPWISE 
for Fostering Life-Long Sociopolitical Activism

Derek Hodson

1.1  The Need for Radical Overhaul of Science Education

There is an old saying that optimists believe they live in the best of all possible 
worlds, while pessimists are afraid they might be right. It is true that we are living 
in an increasingly complex, rapidly changing, uncertain and challenging world, 
with extraordinary possibilities and opportunities brought about by scientific dis-
covery and technological innovation. But it is also true that we are faced with rapid 
growth in social, economic, political and environmental problems at the local, 
regional and global levels. And it is true that there is massive and growing disparity 
between societies and within societies in terms of income, access to proper housing, 
food and water security, educational opportunity, health care, freedom, justice and 
safety. While many of these disparities are a consequence of geographical location, 
climatic conditions and levels of political and economic stability, many are also 
closely linked to the practices of the global industrial complex and the consumerism 
it promotes, and to restriction of opportunity, persecution and outright violence 
related to racial, ethno-cultural and religious differences, sexual orientation, values 
and political leanings. In too many parts of the world, too many people are quick to 
exploit others and to engage in corrupt practices, unethical conduct of all kinds and 
both overt and covert distrust and intolerance of those different from themselves. As 
teachers, teacher educators and educational researchers, we need to ask, as a matter 
of some urgency, whether our schools, colleges and universities are responding 
appropriately to these new realities. We need to know whether existing educational 
priorities are any longer relevant for the new world in which we live. We need to 
consider whether our educational goals and practices are still relevant. In particular, 
we need to ask fundamental questions about the overall purpose of education and, 

D. Hodson (*) 
University of Auckland, Auckland, New Zealand
e-mail: d.hodson@auckland.ac.nz
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in the context of this book, about the fundamental purpose of science education. 
One could argue that there are at least five key purposes for science education at the 
school level.

• Economic purposes  – ensuring a steady supply of people with strong back-
grounds in science and technology to create and maintain future prosperity for 
all.

• Utilitarian purposes  – ensuring that all members of society have sufficient 
knowledge of science to operate effectively and critically in spheres and activi-
ties where science can make a contribution to their personal well-being and qual-
ity of life.

• Personal development purposes – ensuring that all members of society benefit 
from the contribution that the analytical skills, investigative strategies and values 
of science can make to their ability to learn, deal successfully with day-to-day 
issues and problems and gain rewarding employment.

• Cultural purposes – ensuring that all members of society develop a robust under-
standing of the history, development and contemporary scope of science and 
scientific practice.

• Democratic purposes  – ensuring that all students develop sufficient scientific 
knowledge and skills, familiarity with scientific language and argumentation, 
capability and confidence in appraising scientific reports and media literacy to be 
active participants in debate and decision-making about scientific and techno-
logical issues.

So how do our schools measure up? Are we doing enough to meet the challenges 
of the contemporary world in terms of these five purposes? In most cases, the answer 
is a resounding “No”. In most cases, priority is afforded to purposes higher in this 
list, with insufficient, little or no attention given to those lower in the list. In most 
cases, there is way too much emphasis on preparing students for later study of sci-
ence or subsequent employment in science-based careers and little or nothing to 
prepare them for responsible and active citizenship. Over the past two decades, 
there has been major emphasis on competition between students rather than coop-
eration and collaboration among them, way too much emphasis on pre-specified and 
highly detailed (but often educationally trivial) learning outcomes, way too much 
emphasis on rigorous and systematic testing for so-called educational standards and 
way too much emphasis on teacher-centred pedagogy. In consequence, many stu-
dents have been led to distrust and devalue their own knowledge, skills, values and 
experiences; they look to experts as the source of all views, solutions to problems 
and decisions on key issues. It is a matter of some urgency that we shift our priori-
ties. As John Dewey is reputed to have said: “If we teach today as we taught yester-
day, we rob our children of tomorrow”.

If we are to meet the cultural and democratic goals above, we need a school sci-
ence curriculum that: (i) ensures all students acquire a robust understanding of sci-
entific knowledge, scientific practice and the language, norms of behaviour and 
values that guide scientists in their work; (ii) equips all students with the knowl-
edge, skills and confidence to make judgements and reach decisions on the complex 

D. Hodson
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socioscientific issues (SSI) that confront them; (iii) develops their capacity to deal 
with change, uncertainty and unpredictability; (iv) cultivates their ability to ascer-
tain what is desirable/undesirable and what is possible in both the long and short 
terms; (v) pays much more attention than has been usual in the past to values issues 
in the deployment of scientific developments and technological innovations and to 
the active promotion of democracy and social justice; and (vi) prepares students for 
taking direct and indirect action in pursuit of changes they consider desirable, both 
individually and collectively. Such is the curriculum advocated in this important 
book.

1.2  How STEPWISE Can Play a Key Role

Advocating a radical shift of curriculum emphasis is the easy part; developing a 
rigorous framework that enables teachers to build and implement such a curriculum 
is a much more demanding task. This is the task that Larry Bencze and his col-
leagues and co-workers undertook in establishing STEPWISE, the acronym for 
Science and Technology Education Promoting Wellbeing for Individuals, Societies 
and Environments. In this timely and ground-breaking book, reflecting several years 
of careful research and development, a rigorous framework for a curriculum that 
prioritizes the development of what some have called civic scientific literacy in 
pursuit of a better world is clearly articulated and extensively theorized (principally, 
through actor-network theory and notions of cultural capital). Case studies and per-
sonal experiences are outlined, appropriate teaching and learning strategies and 
resources are discussed, successes are celebrated and shortcomings are acknowl-
edged. The book serves two major purposes. First, it makes a powerful case for the 
adoption of an SSI-based curriculum culminating in preparation for, and experience 
of, sociopolitical action. Second, and more importantly, it provides some sound, 
research-validated advice for how such a curriculum can be organized and 
implemented.

When teachers are presented with a significantly different way of thinking about 
science education, they need time to address mismatches between old and new prac-
tice, resolve conflicts, establish new priorities and build personal and practical 
schemes of action. This is no easy task. Teachers need time to acquire new knowl-
edge and skills to be incorporated into new classroom practices, and they need 
encouragement and support in doing so. They need time to resolve conflicts, clarify 
uncertainties, deal with anxieties and cope with the increased stress, pressure and 
feelings of vulnerability that inevitably ensue. To respond appropriately and effec-
tively to the kind of radical change advocated in this book, teachers will even need 
to reconsider what it means to be a science teacher and seek to establish a new 
identity within the community of practitioners. At the very least, they will need to 
shift their view of a teacher’s prime responsibility: from a dispenser of information 
and knowledge to a facilitator of learning. They will need to put much more empha-
sis on development of reasoning skills than on knowledge acquisition, shift from 

1 Foreword: The Significance of STEPWISE for Fostering Life-Long Sociopolitical…
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closed and authoritative classroom discourse to open and dialogic interactions, and 
change from classroom, laboratory and field activities that are selected and designed 
by the teacher to activities that are owned, planned and directed by the students. 
Teachers’ views of learning are crucial to effecting these changes. Those who sub-
scribe to a transmission of knowledge view of learning are inclined to regard prob-
lem solving as a matter of applying rules and algorithms, they prefer to lower the 
level of cognitive demand, spoon-feed students with correct answers, utilize stan-
dard problems that are amenable to routine and carefully focused approaches, while 
avoiding problems that require students to adopt an independent approach, largely 
because they believe students will find them difficult, frustrating or confusing, or 
because they are reluctant to cede any measure of classroom control to students. In 
contrast, those teachers who view learning as knowledge construction make greater 
cognitive demands on students and encourage more independent thinking. Put 
bluntly, making the curriculum changes advocated in this book may require some 
teachers to radically shift their views about learning and radically change their 
classroom practice. Doing so is likely to be extraordinarily stressful and support 
from others engaged in this same educational reform is essential. It is here that this 
book and the insight it provides through critical accounts of a large number of case 
studies can play a key role.

It is highly unlikely that a set of guidelines issued by the Ministry/Department of 
Education or School Board, or a one-off teacher workshop organized by an in- 
service education provider, will bring about the level of professional knowledge, 
expertise, confidence and emotional support needed. These attributes are best 
acquired and consolidated through experience, critical reflection and the interest, 
cooperation, advice and support of other teachers with whom ideas, feelings, suc-
cesses and failures can be shared. It is here that the real strengths of the STEPWISE 
project become evident. First, the project recognizes that if we are to politicize stu-
dents we need to politicize teachers, too. Because teachers hold a pivotal position 
between the state, parental influence, media power and the dictates of institutional 
norms, they have enormous opportunities to foster development of democratic val-
ues and influence attitudes of students. Using those opportunities wisely, effectively 
and responsibly requires a substantial measure of political awareness. Teachers 
need to turn critical spotlights on schooling, curriculum, teaching and learning, 
assessment and evaluation strategies, on knowledge, beliefs, values and aspirations 
that underpin them, and on ways in which key curriculum decisions are made – in 
particular, by whom they are made and in whose interests they are made. If critical 
thinking, creativity and skilful problem solving are to be developed by students, it 
is essential that those who are responsible for that education also possess and prac-
tise these attributes. If we want students to address SSI in a critical and independent 
way, their teachers must be afforded opportunities to do so, too. If we want students 
to experience sociopolitical actions in pursuit of ideas and practices they consider 
important, and against those that they consider undesirable, then teachers need to 
have had these experiences. It is absurd to expect teachers to create the necessary 
experiences for students to develop these abilities if they, themselves, have not had 
similar experiences. It is unrealistic to expect students to have confidence in their 

D. Hodson
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own knowledge, skills and judgement (i.e., to be intellectually independent) if their 
teachers have been socialized into blind acceptance of the views and decisions of 
others. It is unrealistic to expect students to recognize the value of collaborative 
learning and collaborative action if their teachers are denied opportunities to work 
collaboratively with their teaching colleagues. STEPWISE provides such opportu-
nities for teachers. It creates opportunities to build the professional learning com-
munities that can sustain and support teacher development and curriculum 
development over time. It is in this kind of forum that teachers can share ‘war sto-
ries’ and reflect on their triumphs, difficulties, anxieties and failures. Sharing stories 
about classroom experiences, curriculum building issues and engagement in socio-
political action are important sources of learning for other teachers. Through narra-
tive, we begin to understand the actor’s reasons for the action, and are thereby 
encouraged to make sense of these actions through the eyes of the actor and to see 
how they might relate to situations in which we find ourselves. This understanding 
constitutes an enormous contribution to learning about and getting better at 
teaching.

The basic approach of STEPWISE can be briefly summarized as follows: (i) 
encourage students to express and discuss their current understanding of important 
SSI, either chosen by the teacher or by the students; (ii) discuss and enrich the sci-
ence content knowledge that informs a better understanding of the issue, including 
whatever contemporary research information is available; (iii) consider the social, 
political, economic and ethical considerations underpinning the issue; (iv) provide 
opportunities for students to conduct their own research into the issue; (v) consider 
the kinds of interventions, both direct and indirect, that are relevant and possible; 
(vi) engage in action at the individual and/or group level; (vii) evaluate the effective-
ness and appropriateness of the action(s) taken, and communicate the findings and 
critique to others. The editor (Larry Bencze) and the numerous cooperating authors 
and researchers never claim that following the STEPWISE framework is the only 
way of approaching an SSI-based and action-oriented curriculum. Indeed, there is 
substantial variation across the chapters in Part II of the book in terms of the under-
lying rationale articulated by the teacher/researcher, the teaching and learning strat-
egies deployed, the research projects followed by the students and interventions 
they propose. Further, in Part III of the book, Ralph Levinson (Chap. 22) describes 
the work of a consortium of science teacher educators in universities across Europe 
involved with development and implementation of PARRISE (Promoting Attainment 
of Responsible Research and Innovation in Science Education), a project directed 
towards inquiry-based learning focused on SSI, while Laurence and Jean 
Simonneaux (Chap. 27) address an initiative in French schools to involve students 
in critical scrutiny of Questions Socialement Vives (Socially Acute Questions). Both 
projects are concerned with relationships among the sciences, societal issues, poli-
tics and business; both projects have some elements in common with STEPWISE; 
both projects can inform and enrich other SSI-oriented approaches. Thus, the book 
is not so much a ‘How to do it’ book as an opportunity to consider the STEPWISE 
approach, critique it, use it, modify it to personal circumstances or reject it. Any 
teacher with an interest in an SSI-rich and action-oriented curriculum would gain a 
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great deal from reading this book: possibilities for curriculum organization, teach-
ing and learning strategies, evidence of successes in terms of impact on students, 
recognition of teething troubles and encouragement from reading the personal sto-
ries of others who have used the approach.

Many of the chapters in the book illustrate the strength of apprenticeship models 
of learning: first, teachers model the desired behaviour, strategy or skills; second, 
the learners engage in carefully structured activities with the encouragement, advice 
and support of the teacher; third, the learners are afforded the opportunity to design, 
implement and evaluate their own learning activity, investigation or action project. 
There is ample evidence in this book of the effectiveness of this approach in both 
preservice and inservice education of teachers and in school curricula that these 
teachers provide for their students. There is ample evidence that apprenticeship 
models of learning stimulate the transition from a top-down style of curriculum 
design and an authoritative style of teaching to a teacher/student-owned curriculum 
and a participatory, cooperative and democratic style of learning. Returning to an 
earlier point, a top-down approach to development of an SSI-oriented curriculum, 
that would likely entail the use of centrally-generated curriculum materials or even 
the use of an approved textbook (a common practice in North America), would 
reinforce notions that SSI can be clarified and decisions about appropriate responses 
and actions reached simply by applying a set of guidelines located in the text. Not 
only would this approach invite students to be passive consumers of someone else’s 
knowledge, it would tell teachers that the solution to the educational problems of 
teaching about SSI is located in those materials and in the expertise of others, thus 
fostering conformity and passivity in both students and teachers. Adopting a top- 
down approach to an SSI-oriented education that aims to inform students about and 
introduce them to appropriate sociopolitical action would be the ultimate irony. If 
we advocate a form of education that aims to enhance critical thinking and decision- 
making, and with encouraging personal action among science students, it would be 
absurd to deny science teachers opportunities to utilize these same critical thinking 
and decision-making skills to develop their own teaching practices. It is not unrea-
sonable to assert that a curriculum that aims to achieve a critical scientific and tech-
nological literacy should be based on a model of curriculum development that seeks 
to encourage and support teachers in becoming critically literate about their own 
educational practice. By ceding a substantial measure of control of the curriculum 
to teachers, the STEPWISE project creates the sense of ownership essential to effec-
tive, long-lasting and radical change. In short, the approach is predicated on the 
notion that teachers can (and must) become significant curriculum makers rather 
than mere implementers of curricula designed by others.
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1.3  Addressing Anxieties and Overcoming Problems

It is important to note that although the prospect of implementing an SSI-based, 
action-oriented curriculum may be daunting for some teachers, there is ample evi-
dence that we all get better at it by doing it and by reflecting on our experiences. 
STEPWISE, and this book in particular, has done teachers a great service by com-
piling detailed accounts of experiences, successes and failures of teachers seeking 
to engage students in action-oriented and/or community-based projects. Similarly, 
students who are apprehensive about engaging in direct or indirect sociopolitical 
action, whether individually or in groups, will be reassured, motivated and inspired 
when they hear or read about activist work by other students. We can all learn a 
great deal from these accounts of actual practice – that is, learning through the eyes 
and ears of others, reading about hopes, fears and anxieties of real people, learning 
of difficulties, surprises and often messy details of intervention projects, being made 
aware of the likelihood of opposition and obstruction, and of strategies for dealing 
with them. Those who engage in this radical new form of science education share a 
common obligation to contribute to this oral history. Teachers, researchers, teacher 
educators and students can compile this history by asking questions such as: How 
did the project come about? What motivated and inspired you to undertake this 
project? Who were the people involved? What were your goals, hopes and expecta-
tions? What barriers and problems were encountered? How were they addressed? 
What successes have there been? What failures? What have you learned? What sur-
prised, delighted or disappointed you? What would you do differently if you were 
starting again? Would you do it again? Common sense tells us that not all projects 
will be successful in promoting, developing and sustaining an activist stance among 
all students. We need to recognize that some failures are inevitable and we need to 
develop the evaluation skills to ascertain possible causes of failure, seek to modify 
our approach in the light of critical feedback and have the courage and resilience to 
try again.

On a related matter, there is an ever-present danger that actions can reflect the 
teacher’s agenda rather than the interests and concerns of the students, and a danger 
that students merely go through the motions of engaging in action, without any real 
commitment or sense of empowerment, in order to satisfy the course requirements 
or meet the expectations of the teacher. At the extreme, teachers may be led to com-
pile a list of approved, scripted and politically safe actions in which to engage suc-
cessive groups of students without ever engaging them in the critical debate that 
should precede and determine action. Students may be directed towards uncontro-
versial issues, guided away from conflict, dissuaded from political debate and cen-
sored when their proposals seem likely to challenge school practices, local 
government policies or the interests of local businesses. In short, both teachers and 
the students they teach may be anxious not to ‘rock the boat’ or ‘go against the 
grain’ of what they perceive to be public opinion. Indeed, much of what is advo-
cated for the science curriculum in this book may be disturbing to some science 
teachers and Ministry or Department of Education officials, and so is likely to meet 
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some stern resistance from those who favour a more traditional approach. There are 
people (including some teachers) who will argue that politicization is not a legiti-
mate goal of science and technology education, or of any school-based education, 
for that matter, and that sociopolitical action has no place in school. They may be 
concerned that students will express views and values at variance with those prevail-
ing in the local community. Being critical of forestry clear-cutting, production and 
promotion of gas-guzzling SUVs and environmentally destructive mining practices 
in communities where many of the residents are employed in the forestry, 
automobile- building and mining industries is likely to stir up considerable opposi-
tion. There are many teachers, educational administrators and members of the wider 
community who will perceive the capacity for effecting social change located in a 
body of students who are scientifically literate, environmentally aware, socially 
critical, and perhaps most controversially of all, politically literate, as a threat rather 
than a benefit – a threat to the established order of power and control. Indeed, the 
very success of such an education is likely to draw opposition. Avoiding controver-
sial issues, especially those with significant political dimensions, and avoiding 
engagement in soiopolitical action may be regarded by many teachers as taking a 
neutral view. In reality, it is not neutral. Because it fails to confront and challenge 
the underlying sociopolitical causes of environmental problems and social inequi-
ties, for example, it implicitly supports current social practices, current institutions 
and current values. Thus, it has to be regarded as education for social reproduction. 
There is no such thing as political non-involvement. Non-involvement is, in itself, a 
form of involvement by default and constitutes implicit support for the dominant 
ideology. Avoiding political matters is, in effect, leaving it for others to decide. 
STEPWISE has the power to enable all students to reach this understanding early 
enough to ensure lifelong sociopolitical awareness.

Even teachers who express an interest in teaching about SSI may not implement 
such a curriculum, citing lack of time to plan lessons and prepare materials capable 
of integrating coverage of content with social concerns, economic considerations 
and moral-ethical dilemmas. Others may cite difficulties associated with design of 
assessment and evaluation strategies. Conventional assessment methods do not cope 
well when there is no clearly defined outcome, no certain and unambiguous solu-
tion; when the curriculum is extended to include sociopolitical action, evaluation is 
as much about what the community learns from the activity, or how it is changed, as 
it is about what the students learn. Clearly, much work will be needed to develop 
appropriate assessment and evaluation strategies if an issues-based and action- 
oriented curriculum is to become a reality. Some teachers will be concerned that a 
shift from the supposed certainties of science to the uncertainties of SSI-oriented 
teaching will constitute a threat to their classroom authority and to their role as 
‘gatekeepers of scientific knowledge’. Some will claim that they lack resources for 
addressing SSI, although this is patently untrue: newspapers, television reports and 
Internet websites abound with suitable material. What these teachers are really 
claiming is that they do not have access to carefully constructed instructional mate-
rials that meet the specifications of the official curriculum. Given the track record of 
such materials in seeking to promote particular political and economic ideologies or 
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inculcate attitudes and codes of approved behaviour derived from particular social, 
political, cultural and religious beliefs and the dictates of the globalized consumer-
ist society, it is perhaps no bad thing that teachers lack ready-made official resources. 
Indeed, we all need to be constantly aware of dangers of large corporations and 
government agencies responding to teachers’ concerns about lack of materials by 
producing glossy and user-friendly materials that use sophisticated communications 
techniques to promote particular positions or points of view that are difficult to 
counter with relatively unsophisticated curriculum materials generated by teachers 
themselves. STEPWISE has done teachers a major service by showing how they 
can produce their own resources and design their own classroom activities.

1.4  Defending Charges of Bias and Indoctrination

It is inevitable that some teachers will lack confidence and expertise in handling 
unstructured, open-ended discussions and it is unsurprising that teachers unfamiliar 
with such an approach commonly express a concern, bordering on anxiety, that they 
will be accused of bias, and may possibly lay themselves open to charges of indoc-
trination or preaching about activism rather than teaching about it, as Mellita Jones 
comments in Chap. 23. I would make two points in response. First, when teachers 
present and/or support students in gathering multiple perspectives on an issue or 
argument, assist them in identifying, clarifying and challenging the assumptions of 
all positions (including the teacher’s), acknowledge influences of sociocultural con-
texts, religious beliefs, emotions and feelings, address issues of rationality, equity 
and social justice, and encourage critical reflection, they are free of such charges. 
We are guilty of indoctrination when, and only when, we intend students to believe 
a proposition in the absence of evidence or despite/regardless of evidence to the 
contrary, or when we deliberately distort the evidence. We are guilty of preaching 
when we fail to take action ourselves and fail to create opportunities for our students 
to do so. What is promoted via STEPWISE is best described as adopting a critical 
perspective. Second, the views of students often indicate the exact opposite, with 
many of the students with whom I have worked expressing the view that confronting 
SSI in this critical and collaborative way “opened my eyes to other perspectives”, 
“helped me to sort out my own views” and “enabled me to think more clearly and 
more carefully about such matters”.

Some teachers may be uncertain about what constitutes appropriate, acceptable 
and worthwhile action. Many questions spring to mind. Who decides what is accept-
able action and responsible action? What are relevant criteria? What are balances to 
be drawn between socially acceptable actions that may be politically ineffective and 
effective actions that may be socially unacceptable – at least to some? Will teachers 
be prepared to support student actions that provoke disapproval from parents, school 
administrators, local politicians or local businesses? Will they be prepared for a situ-
ation in which students who are well-coached in action skills choose to direct those 
skills against aspects of the institution in which they study and/or the community in 
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which they live? We need courage and the encouragement and support of others if 
we are to tread this path. The war stories in this book provide a great deal in the way 
of encouragement and support.

The more radical and critical stance towards science, scientists and scientific and 
technological practice embodied in the STEPWISE approach is in direct conflict not 
only with the traditional school model of science but also with the image that uni-
versities and the science professions have tended to promote. Thus, there may be 
opposition to its implementation from scientists and from universities. There may 
be opposition from parents, some of whom may regard this approach as a soft option 
to ‘proper science’ (i.e., abstract, theoretical science taught by traditional teacher- 
centred methods and assessed by conventional means) and/or consider that an SSI- 
oriented approach takes too much time and diverts attention away from content 
aspects of the curriculum, thus diluting the science curriculum, reducing science to 
the level of social science and alienating those with a passion for science. There may 
also be assertions that the social, economic, historical, political and moral-ethical 
dimensions of SSI are likely to be poorly addressed because science teachers lack 
expertise in these areas. Some may argue that this will lead to lower levels of job 
satisfaction for science teachers, loss of experienced teachers from the profession 
and a decline in science teacher recruitment. Change may even be resisted by stu-
dents, especially by the more academically successful ones. They, too, have expec-
tations of science lessons and vested interests in maintaining classroom practices 
that have served them well in the past. As noted above, navigating these multiple 
resistances to change will require considerable courage and determination, and high 
levels of support and encouragement. Teachers may find encouragement in accounts 
of teachers engaged in similar efforts to overthrow the stultifying shackles of con-
vention, as in the stories told in the chapters of this book. The real breakthrough 
comes when individual teachers are able to find and work with like-minded col-
leagues to form pressure groups that can begin to influence key decision-making 
bodies. Success in deconstructing the hierarchy of subject-disciplines and the tyr-
anny of centrally-mandated curriculum depends on the extent to which the goals 
and values of the reformers become broadly accepted within the teaching profession 
and supported by the community. Perhaps teachers, teacher educators, researchers 
and committed students need to develop educational equivalents of public forums 
(consensus panels, citizen juries, focus groups, and the like) that have been used by 
scientists, governments and NGOs to directly engage the public.

1.5  Turning the Critical Spotlight on Ourselves

In keeping with principles underpinning STEPWISE, there are a few chapters in the 
book that are critical of the approach, though couched in language and terms that 
seek to help the project extend its influence and enhance its effectiveness. For exam-
ple, Ajay Sharma notes in Chap. 31 that actions and interventions advocated or 
engaged in by the students involved in the STEPWISE project are generally 
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individual actions (or small classroom group actions) conducted at the local level, 
whereas most important SSI exist on both the local and the regional, national and 
international levels and are only likely to be significantly impacted by collective 
actions. He also points out that many of the environmental problems we face are 
largely social problems rather than scientific ones, but the STEPWISE framework is 
focused exclusively on science education. It would be advisable, he argues, for the 
STEPWISE framework to integrate school science more closely with social studies. 
In Chap. 28, Matthew Weinstein asks to what extent STEPWISE can hope to achieve 
its goals when it is an integral part of the powerful technoscientific structure it seeks 
to critique and aims to change. The problem is, Weinstein argues, that STEPWISE 
is, in many of its innovative elements (including social, political and moral-ethical 
considerations within the science curriculum, rigorous questioning of authority, 
promoting sociopolitical action, and so on) a resistance to traditional school science 
education. Yet, in other ways, it is located within the formal structure of school- 
based education (subjects, assessment schemes, specific groupings of students, 
etc.). Perhaps, he implies, STEPWISE would be better located within the informal 
education movement. Wolff-Michael Roth (Chap. 32) also argues for a deinstitu-
tionalization of science education because, he argues, in life we do not engage in 
science, technology, history or mathematics separate from the concerns arising from 
life, unless we are working in a profession that is explicitly associated with one of 
these domains (e.g., as mathematician, physicist, or historian). Real life issues, he 
reminds us, are messy and science and technology can never provide the sole or 
correct answer.

I feel that a brief response to these remarks might be appropriate here. It is evi-
dent in most chapters of the book that as soon as students begin to address real 
world problems they encounter layers of increasing complexity and uncertainty that 
cannot be contained within a particular disciplinary framework. They quickly rec-
ognize that problems related to SSI are inextricably linked with considerations in 
economics, politics, cultural location, aesthetics and moral philosophy. They recog-
nize how dangerously misleading it is to suggest that science or technology can 
solve problems by simple technical means. They quickly recognize that environ-
mental problems, for example, are pre-eminently social problems – problems of 
people, their lifestyles and their relations with the natural world. They cannot be 
solved by a simple scientific or technological fix. Indiscriminate clearance of tropi-
cal rainforest for non-forest use has brought about local problems of erosion, floods 
and fuel wood shortage, and global problems related to global warming, climate 
change and loss of biodiversity. While science provides an understanding of values 
of forests and raises concerns about problems, it does not contribute much to solv-
ing them. Solutions will be found, if at all, by dealing with issues relating to poverty 
(at individual and regional levels), patterns of land ownership, exploitation of the 
poor and powerless by the rich and powerful, the often unjust terms of international 
trade deals and the stresses of burgeoning populations. A crucial step in environ-
mental education is helping students to recognize that environments are socially 
constructed: first, in the sense that we act upon and change natural environments 
and, so, construct and reconstruct them through our social actions; second, in the 
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sense that we perceive environments in ways that are dependent on prevailing socio-
cultural frameworks. In both senses, environments could be constructed differently. 
If environment is a social construct, environmental problems are not natural and 
inevitable; rather, they are social problems caused by societal practices and struc-
tures (how we construct/reconstruct environments) and justified by societies’ cur-
rent values (how we perceive the environment). It follows that solving environmental 
problems means addressing and changing the social conditions that give rise to 
them and the values that sustain them. Thus, science education for sociopolitical 
action is inescapably an exercise in values clarification and values change. 
Environmental problems will not just go away, nor will they be solved by a quick 
technical fix while we blithely maintain our profligate lifestyle. We have to change 
the way we live; the planet can no longer sustain our present (Western) way of life. 
Changing our way of life entails changing our values. Acid rain, global climate 
change, toxic waste, ozone depletion, loss of biodiversity, increasing deforestation 
and desertification are all located in our impoverished values. It is now a well-worn 
cliché to say that we live in a global village, and that what we do in our own back-
yard can impact quite significantly on people living elsewhere in the world. We all 
need to be cognizant of this reality and to act in a way that minimizes adverse 
impact on others. What is also true is that our actions now impact on the lives of 
future citizens. It is not too much of an exaggeration to say that the degree to which 
young citizens incorporate sustainable practices in their professional and personal 
lives will determine the quality of life for future generations. Students engaged in 
STEPWISE-supported activities are well-positioned to develop these insights.

1.6  Taking Action: Direct or Indirect; Individual or Group?

With regard to student action, we need to distinguish between direct and indirect 
action. In the context of addressing environmental issues, the former includes such 
things as recycling, cleaning up a stream or a beach, building a compost heap and 
using a bicycle rather than a car; the latter includes compiling petitions, distributing 
leaflets, writing to newspapers, composing blogs and making submissions to the 
local council. While direct action can be enormously important and can have some 
significant impact, it can also divert attention from root causes of problems in our 
social, political and economic activities. It depoliticizes environmental problems, 
for example, and shifts the burden of responsibility onto individuals and families 
and away from governments, corporations, the policies that might have long-term 
and significant impact, and the political negotiations that might lead to change. 
Cleaning up a beach will have immediate beneficial impact, but without an investi-
gation of the causes and appropriate intervention aimed at those causes, there will 
be no long-lasting solution. Although reducing our personal use of cars is a small 
step in reducing air pollution and conserving energy, it fails to tackle the ways in 
which sociopolitical and economic decisions about modern urban developments 
have made the car a virtually indispensable means of transport. Setting up a 
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recycling programme may prolong the active life of one or two landfill sites but it 
doesn’t address (and it certainly doesn’t change) the unsustainable economy of 
resource use, production and consumption. Does this mean that indirect action is the 
better option? Possibly, if it is authentic action: not just a classroom exercise in 
which a letter to an imaginary newspaper editor is composed, but a real letter to a 
real newspaper editor to express real concerns or to make a series of real debating 
points or policy recommendations, or the preparation of a report for submission to 
a local government body or provision of material assistance for an individual or 
group involved in a local dispute. The ideal involvement of students comprises a 
mix of direct and indirect actions, but it is both appropriate and necessary for these 
actions to be pitched at the local level. There are many local manifestations of global 
problems; local actions are likely to have substantially more impact; feedback from 
local action is likely to be more immediate; a group of school age students (few of 
whom will be of voting age) have insufficient power to have significant impact at the 
global level, but what they learn and the values they develop through action at the 
local level will prepare them well for later action on the wider stage. The slogan 
Think Globally, Act Locally gained currency because it is an excellent rule of thumb.

The STEPWISE rationale has an inbuilt recognition that, while action at the 
individual or small group level is a good beginning, being able to motivate groups 
or populations to exert pressure on governments, businesses and the wider public to 
dismantle barriers to change and create alternative, more equitable and ethically and 
environmentally responsible policies and practices will have greater impact, as 
Angeliki Grundy points out (in Chap. 5) in her insightful discussion of the impor-
tance of sound techniques of persuasion. Changes at a fundamental level will only 
result when three key elements of persuasion are in place: legitimacy – convincing 
people that the action is desirable and morally right; urgency – illustrating the need 
for the issue to be addressed quickly and decisively; and power – establishing the 
capacity to force another to do something counter to their current practice, using 
financial means, voting power, etc. Persuasion involves careful preparation and con-
sideration of arguments, presentation of vivid supporting evidence and establish-
ment of a strong emotional match with the target audience. Understanding multiple 
perspectives enhances the ability to persuade others to action. Hence the value of 
the case studies included in Part II of the book. But it is group action that provides 
the final element and is the only route to fundamental change in society. As well as 
teaching students the need to be sufficiently resilient and determined to try again, 
experiences of failure of individual actions may also impress upon them the need to 
mobilize others and to engage in collective action. Collective actions are almost 
always more effective than individual actions and, in some circumstances, may be 
the only means of bringing about change. Thus, a key part of preparation for activ-
ism is helping students to recognize, mobilize and coordinate the knowledge and 
skills that are distributed across communities.
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1.7  Engaging Students

It follows that we should make strenuous efforts to involve students in public hear-
ings and town hall meetings, consensus conferences, study circles, focus groups, 
citizen juries/panels, negotiated rule-making forums, public/citizen advisory com-
mittees and the like. It is through community-based activities that young people 
gain autonomy, a sense of worth, a sense of personal and civic identity, respect for 
other people’s views, negotiation skills and so on. When engaged with real prob-
lems and issues, students encounter real barriers and obstacles; working with com-
munity members to overcome these barriers cultivates students’ competency and 
sense of competency. When people work together, there are opportunities for doing 
things that individuals would not even contemplate doing alone. By working on a 
sub-task within a group effort, individuals acquire a level of expertise that would not 
be achieved alone, at least not so quickly and so painlessly. They also come into 
contact with perspectives on issues and problems that differ from their own. Sharing 
experiences, action strategies and success stories, as well as building friendships, 
can be inspirational and highly motivating, and can lead to lifelong sociopolitical 
activism. These experiences are immensely valuable because they run counter to the 
trend of growing social isolation of individuals and individual families, and counter 
to the values that underpin the pervasive competition and conspicuous consumption 
of contemporary society. By focusing on the community and the issues and prob-
lems that residents confront in their everyday lives, students come to recognize their 
own experiences as shared, social and political. It is through direct experience of 
confronting social and environmental problems in the immediate community that 
public issues acquire personal meaning for young people. For example, working in 
shelters for the homeless, participating in breakfast programmes, doing volunteer 
work in hospitals, drug rehabilitation centres, HIV-AIDS support groups and homes 
for the elderly, involvement in environmental clean-up projects, renovating dilapi-
dated homes, replanting degraded areas, building and maintaining community gar-
dens, creating parks and conservation areas, organizing community festivals and 
information fairs, producing a local newsletter or community blog, and so on. 
STEPWISE has made and will continue to make an effective contribution to this 
kind of involvement. To enhance it further we need to build a mutually supportive 
relationship between school and surrounding community. Traditional barriers 
between school and community need to be dissolved or rendered permeable, with 
community members present and active in the school, and students and teachers 
active and involved in the community – in part, contributing to the deinstitutional-
ization advocated by Wolff-Michael Roth (Chap. 32). Of course, the difficulty of 
building such an atmosphere of interest, trust and shared responsibility and commit-
ment should not be under-estimated. It requires strenuous effort on the part of teach-
ers, students and wider community members.

As part of those efforts, students should be encouraged and enabled to use aspects 
of youth culture, particularly music, chat rooms and other communications media to 
spread a youth-oriented message concerning civic and environmental responsibility. 
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We should be encouraging students to use their interest and skills in contemporary 
communications technology, especially with social media such as Facebook and 
Twitter, to establish networks, express concerns, share thoughts and spread mes-
sages about the need for action. New forms of ICT enable forms of participation that 
were not previously possible and may engage significant numbers of people who 
would previously have been uninvolved. They have the potential to facilitate the 
building of a more inclusive, participatory, socially just and politically engaged 
community. First, raising awareness and advocacy by providing access to indepen-
dent and alternative sources of information that may be ignored or suppressed by 
mainstream media; second, developing community-oriented sites to spread aware-
ness, share experiences and ideas and build networks within communities; third, 
creating action groups to raise public support for actions related to specific issues at 
the local, regional, national and international levels. There are numerous examples 
of splendid work in this sphere embedded in the STEPWISE research reports. Music 
can play a powerful role in identity construction and reinforcement, enabling a bet-
ter understanding of one’s own experiences and the experiences of others, raising 
political awareness, and building the solidarity and sense of community that can 
lead to activism. For many urban youth the rap music of hip-hop culture can be a 
particularly powerful vehicle, enabling them to put their feelings, emotions, needs, 
aspirations, hopes, joys, fears, disappointments and anger into a form that is respect-
ful of their immediate cultural experiences and will be readily understood by their 
peers. Its potential for the kind of education envisaged and promoted by STEPWISE 
is considerable.

Though my inclination would be to give over the entire school curriculum to an 
issues-based action-oriented curriculum embracing all subjects, along the lines 
advocated by Sharma (Chap. 31), there is no possibility that this will happen in the 
foreseeable future. A first step in this direction would be to turn over the whole sci-
ence curriculum to this kind of approach, but I am not so naive as to think that is 
likely to happen any time soon, either. However, it is possible to implement the kind 
of issues-based approach advocated in this book alongside a more conventional 
subject-oriented curriculum, provided that neither students nor teachers see it as a 
mere add-on or motivational adornment. Confrontation of issues, consideration of 
underlying values, and taking action need to be fully integrated into the curriculum. 
Engaging students in confrontation of SSI as part of informal education, as advo-
cated by Weinstein (Chap. 28) and Roth (Chap. 32), is entirely possible and is to be 
valued and encouraged, but alongside rather than instead of school-based provision. 
Involvement in STEPWISE lays a sound foundation and preparation for such initia-
tives. I am confident that students exposed to such an SSI-rich and action-oriented 
curriculum, and the approach advocated in this exemplary book, will be much more 
likely to give serious consideration to the social, political, environmental and moral- 
ethical aspects of SSI in their daily lives outside and beyond school. I am confident 
that such experiences will assist them in moving firmly and positively in the direc-
tion of Oxfam’s conception of a global citizen: someone who is aware of the wider 
world and has a sense of his or her own role as a world citizen; respects and values 
diversity; has an understanding of how the world works economically, politically, 
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socially, culturally, technologically and environmentally; is outraged by social 
injustice; participates in and contributes to the community at a range of levels from 
the local to the global; is willing to act to make the world a more equitable and sus-
tainable place; and takes responsibility for their actions.

D. Hodson
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Chapter 2
STEPWISE: A Framework Prioritizing 
Altruistic Actions to Address Socioscientific 
Issues

Larry Bencze 

2.1  Introduction

‘STEPWISE,’ which is the acronym for Science and Technology Education 
Promoting Wellbeing for Individuals, Societies and Environments, is a framework 
for curriculum and instruction prioritizing students’ uses of at least some of their 
literacy in fields of science and technology (and from other sources) to try to bring 
about what they perceive to be a better world. In its theoretical form, STEPWISE 
takes the shape—as shown in Fig. 2.1—of a tetrahedron, with four learning domains 
at its peripheral points and ‘STSE Actions’ in the 3-dimensional centre. Although 
there are reciprocal relationships between all domains, as indicated by the 2-way 
arrows, this tetrahedral configuration is meant to indicate that students can use their 
‘literacy’—at least in terms of STSE Education (e.g., conceptions of relationships 
among fields of science & technology and societies & environments), SkillsEducation 
(e.g., abilities to use a microscope and design/evaluate an experiment), Products 
Education (e.g., understanding of cell metabolism, nuclear radiation, genetic engi-
neering, etc.) and Students’ Research (e.g., findings from studies of people’s plastic 
water bottle uses)—to inform decisions about actions they could take to address 
STSE issues (e.g., questions about government regulation of bottled water compa-
nies). This particular arrangement of the five domains is intended, in other words, to 
encourage and enable students to take a more ‘altruistic’ view of their education and 
the world; that is, to feel that they can—and perhaps should—‘spend’ some of their 
literacy, not just on themselves, but also on efforts to improve wellbeing of other 
individuals, societies and environments (WISE).

After developing the STEPWISE tetrahedral framework in the summer of 2006, 
I have facilitated action research to understand its efficacy in various educational 
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contexts—including regarding my university-based science teacher education 
courses and in science education in school and non-school settings. This book pro-
vides documentaries of implementation of STEPWISE in such contexts, along with 
chapters emphasizing theoretical analyses and evaluations of the framework  by 
invited scholars. In this introductory chapter (following Derek Hodson’s Foreword), 
I provide theoretical justification for the framework—in the context of descriptions 
of its historical development—and brief overviews of its uses in teaching for 
research purposes. Summaries of sections of the book and chapters in them also are 
provided here.

2.2  Etiology of STEPWISE

Although constructed in 2006, the STEPWISE framework represents somewhat of 
a culmination of events in my education career dating back to at least 1974—the 
year I graduated from Queen’s University in Kingston, Ontario, with a B.Sc. in biol-
ogy. After unsuccessful efforts to find work using my degree, a visit with professors 
of biology (Drs. Klaus Brasch & Bradley White) from whom I had taken under-
graduate courses changed my life and career. They offered me a position in graduate 
studies leading to an M.Sc. degree that involved working on their research team in 
molecular genetics, with me trying to locate a rare, but very active, gene on a fruit 
fly chromosome. Although I did not locate the gene, I did generate some knowledge 
about fruit fly chromosomes and earn my degree. More importantly, I feel that I 

Fig. 2.1 The STEPWISE theoretical framework
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became ‘addicted’ to primary research—to generating knowledge through 
approaches in which I had a significant role in decision-making. At the same time, 
however, because I thoroughly enjoyed working as a teaching assistant for univer-
sity biology courses, I enrolled in a programme leading to a B.Ed. degree qualifying 
me to become a school science teacher. In that context, although learning to teach 
topics like cell metabolism, electric circuit function and types of chemical change, 
I also was introduced to ‘inquiry science’—focusing on teaching and learning of 
discrete science ‘processes’ (e.g., variable control), which was a current movement 
(e.g., AAAS, 1967). When required to write a major curriculum unit, I chose to cre-
ate one focused on teaching ‘methods of science’ and, gratefully, my instructor 
(Bert Horwood) commented that my unit was ‘superb!’ This positive response 
spurred me on to emphasize such student-led science investigations (mostly experi-
ments) in my teaching career. At first, this worked well—apparently because I began 
my teaching career working in small schools, in which I was the only teacher of my 
courses and, therefore, free to design them as I pleased. In those early years, I really 
came to appreciate youth’s creativity and the extent to which such projects enabled 
them, often including those who did not achieve high grades in traditional science 
education components (e.g., explaining photosynthesis), to become deeply engaged 
in problem solving. As part of this work, I also organized school science fairs—
events at which students displayed and explained their research projects and were 
judged for their uses of science processes (e.g., control of variables, duplication of 
tests and graph construction) and clarity and logic of presentations to judges and 
others. These events brought praise to me for my students’ enthusiastic and creative 
work and they further reinforced my interests in promoting student-led primary 
research. However, when my teaching career led me to work in large high schools, 
in which I was just one of perhaps 2–3 other teachers teaching the same courses, I 
experienced opposition to promotion of primary research. My colleagues seemed to 
be embedded in a system that prioritized celebratory teaching of large amounts of 
knowledge (‘Products Education’ in Fig. 2.1) generated by ‘science and technol-
ogy’ (in societal and environmental contexts). Describing the nature of school sci-
ence much later, Randy Bell (2006) seemed to concisely express approaches many 
of my colleagues were using at the time:

In the typical classroom, instruction has focused almost exclusively on the well-established 
products of science [‘Products’ Education’ in Fig. 2.1] and cookbook approaches to labora-
tory exercises, using authoritarian teaching modes (p. 430).

In terms of Roger Lock’s (1990) learning control schema depicted in Fig. 2.2, it 
appears there is a preference—particularly in secondary schools—for teacher- 
directed, closed-ended, approaches to ensure students develop particular concep-
tions about products of science and technology. Such a priority and associated 
didactic teaching approaches seemed to leave little time or motivation for encourag-
ing and enabling students to self-determine methods of investigation and conclu-
sions about their findings. For two school years, I acquiesced—minimizing my 
promotion of student-led investigative work and focusing on instruction and assess-
ment/evaluation of ‘products’ of science and technology. This was very  disappointing 
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for me. I felt defeated; that a fundamental feature of my professional character had 
‘died’ (although, admittedly, I had chosen to acquiesce). However, ‘flames’ for stu-
dent-led knowledge generation seemed to be soon re-kindled—due to my fortuitous 
appointment to the position of science consultant for my school district. Because I 
had considerable flexibility in this role, I was happy to resume promotion of stu-
dent-led primary research—along with assisting teachers with teaching and learn-
ing in other domains (mainly ‘Products Education’ in Fig. 2.1). Yet another turning 
point occurred around this time, however. It soon became apparent to me that, 
although teachers of science in elementary schools appreciated my efforts to pro-
mote student-led research, secondary school science teachers generally resisted this 
possibility. Teachers of science in elementary schools tend not to have significant 
university education in fields of science and/or engineering and, consequently, tend 
to lack self-efficacy for teaching science (Harlen & Holroyd, 1997). Perhaps, as 
Jennifer Helms (1998) suggested, secondary school teachers of science with at least 
undergraduate science degrees tend to identify with their area(s) of subject special-
ization (e.g., biology, chemistry and/or physics) and, moreover, mainly prioritize 
instruction in ‘achievements’ (i.e., ‘Products Education’ in Fig.  2.1) of them. 
Elementary teachers of science, by contrast, may lack such affinities and, accord-
ingly, may be amenable—with support—to allowing students to self-determine 
claims about the world.

After my career as a science consultant, I enrolled in a graduate programme lead-
ing to a Ph.D. in education. Drawing from my experiences as a consultant, I focused 
my thesis project on facilitating action research by a group of secondary school 
teachers of science who agreed to try to find ways to promote student-led primary 
research in their teaching. This decision was supported by my thesis supervisor, Dr. 

Fig. 2.2 Variations in 
control of learning 
(Lock,1990)
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Derek Hodson, who had published articles in this domain (e.g., Hodson, 1993, 
1996). This tack seemed to be fruitful, leading to several relevant publications (e.g., 
Bencze, 1996, 2000, 2001a; Bencze & Hodson, 1998, 1999). Nevertheless, in vari-
ous contexts, particularly regarding secondary school science teaching (e.g., Bencze, 
et al., 2003), it seemed that some sort of ‘invisible hand’ was inhibiting most teach-
ers from supported student-led primary research. This was a source of great frustra-
tion and puzzlement for me. I soon concluded, however, that the ‘invisible hand’ 
may be capitalism, particularly in its neoliberal form. Briefly, although its meaning 
is debatable, it seems that neoliberalism is a more comprehensive and strategic form 
of economic liberalism that, to a great extent, governs people (and, perhaps, other 
living things) in subliminal ways through global networks of influence (Foucault, 
2008; Springer, Birch, & MacLeavy, 2016). I had been particularly affected by John 
McMurtry’s (1999) book, The Cancer Stage of Capitalism, in which he suggested 
that capitalists often were like cancer cells, resembling other human body cells, but 
alien and destructive to them. At about the same time, I also became enamoured 
with John Ziman’s (2000) book, Real Science, in which he discussed positive and 
negative aspects of government-sanctioned business partnerships with fields of sci-
ence and technology. When engineers and scientists enter into contractual agree-
ments with financiers and corporations, it seems they risk compromising the 
integrity of topic choices, methods and the nature and extent of dissemination prac-
tices (Mirowski, 2011)—often because of corporations’ rights to minimize costs, at 
least partly by externalizing them; that is, by arranging for others to bear costs of, 
for example, infrastructure (e.g., roads and electrical/electronic networks), labour 
(e.g., low minimum wages), materials (e.g., lower quality metals) and medical care 
(e.g., diseases, like cancer, caused by products, like cigarettes) (Bakan, 2004). As a 
consequence of such ‘business-science partnerships’ (Krimsky, 2003), there appear 
to be various potential problems for wellbeing of individuals, societies and environ-
ments (WISE)—including health problems associated with genetically-modified 
foods, etc. (Kleinman, 2003), household cleaning and hygiene products (Leonard, 
2010), pesticides (Hileman, 1998), tobacco (Barnes, Hammond, & Glantz, 2006) 
and pharmaceuticals (Angell, 2004), climate change due to excessive fossil fuel 
uses (Klein, 2014) and psycho-social harms due, for example, to gender and cultural 
stereotyping in girls’ toys (Steinberg, 2010). In light of such potential problems, I 
presented several papers at refereed conferences that culminated in publication of 
an article summarizing ways in which government-sponsored science-business 
partnerships may compromise WISE and implications for science education 
(Bencze, 2008).

Apparently, congruent with various harms to WISE associated with capitalists’ 
influences on fields of science and technology, it also seemed that school science 
was being influenced in ways that contributed to furtherance of such harms. My 
reviews of literature in education and other fields led me to conclude, broadly, that 
school science appeared to be doing so by, on the one hand, selecting future knowl-
edge producers (e.g., scientists & engineers) while, on the other hand, leading many 
or most students to become knowledge consumers—in at least two senses; that is, 
as obedient followers of labour instructions from knowledge producers and as 
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enthusiastic and unquestioning purchasers of for-profit products and services 
(Bencze, 2001b).

In light of experiences and perspectives about science and science education 
described above, I set about developing a theoretical framework for science educa-
tion that may counter problematic neoliberal influences. While neoliberalism 
seemed extremely powerful, developing an oppositional science education schema 
seemed somewhat feasible in the jurisdiction of my work (Ontario). Among its three 
overall goals (‘domains’) for its curricula, including ‘Products Education’ and 
‘Skills Education,’ it also made provision for ‘STSE Education’ (MoET, 1999)—a 
domain that, in principle, might involve education about problematic business- 
science partnerships. In thinking about helping teachers implement these three 
goals, however, I made four decisions, each for a different reason: (i) because there 
are reciprocal relationships among these domains, there should be 2-way arrows 
between each pair; (ii) ‘STSE Actions’ needs to be presented separately from ‘STSE 
Education’ (which the curriculum combined) to highlight needs to actively address 
many serious potential problems for WISE; (iii) ‘Students’ Research’ needed to be 
presented separately from ‘Skills Education’ (which the curriculum combined) to 
highlight needs for students to self-direct open-ended investigations (in addition, for 
example, to teacher-directed and closed-ended activities; refer to Fig. 2.2); and, (iv) 
‘STSE Actions’ should be in the centre of the resulting tetrahedron to emphasize the 
(perhaps more) altruistic nature of the framework. The latter decision was greatly 
influenced by an article by Hodson (2003) and book by Wolff-Michael Roth and 
Jacques Désautels (2002) calling for science education reform prioritizing sociopo-
litical actions to address STSE issues. At this point, then, I had a framework 
(Fig. 2.1)—but not a name for it. Concurrently, however, popular media reported 
efforts in Canada to define ‘success’ beyond traditional economic indicators, such 
as ‘GDP’ (Gross Domestic Product)—thinking more broadly in terms of ‘wellbe-
ing,’ which considers indicators like: levels of education, political engagement, 
attention to environment, etc. (uwaterloo.ca/canadian-index-wellbeing). By moving 
relevant words around, I developed the phrase, ‘Science & Technology Education 
Promoting Wellbeing for Individuals, Societies & Environments,’ which happened 
to spell a word that could symbolize a gradual (‘stepwise’) process of implementing 
a new framework. And, so, ‘STEPWISE’ was born.

There appear to be many reasons to place ‘STSE Actions’ at the centre of the 
STEPWISE tetrahedron. On the one hand, researchers, educators and others have—
for at least the last 45 years—been exploring and promoting STSE education 
(Pedretti & Nazir, 2011). In Canada, a non-binding national standards document 
placed it first among four ‘foundation statements’ for scientific literacy (CMEC, 
1997). Ontario, where I have mostly worked, soon also included it in its curricu-
lum—listing it third among three literacy goals (MoET, 1999). About a decade later, 
however, it was listed first among curricular goals (MoE, 2008)—a change that 
appeared to motivate many teachers to increase its emphasis in their teaching. With 
such a mandate, students may, for instance, learn that private members of societies 
have compromised ingredients in many manufactured foods (technologies, based, 
to some extent, on science) in ways that are associated with health problems (e.g., 
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diabetes and heart disease) and, consequently, develop and implement plans of 
action to try to improve human health. However, it is apparent that much ‘STSE’ 
education (acknowledging different movements around the world with similar 
goals) emphasizes students’ development of personal, well-argued, positions on 
controversies in such relationships—often called socioscientific issues (SSIs) 
(Sadler, 2011). Students may, for example, investigate and debate merits of various 
controversial technologies, such as: weapons; manufactured foods and beverages; 
cosmetic surgery; mass surveillance and data-mining; household hygiene and clean-
ing products; electronics with parts made in conflict zones; etcetera. Evidence sug-
gests that engaging in such deliberations has, indeed, led to some significant learning 
gains for students—including, for instance, development of socioscientific reason-
ing skills (Sadler, Barab, & Scott, 2007) and learning of products of science (e.g., 
laws & theories) (Venville & Dawson, 2010).

Although logical choice approaches have led to some admirable personal learn-
ing outcomes, there appear to be some ‘imbalances’ with such deliberations. Ralph 
Levinson (2010) concluded that many such approaches—especially those he called 
Deficit experiences but, also, Deliberative ones—continue to place students/citizens 
in roles of dependency on power of political leaders, experts and others. Such per-
sonal choice roles may be appropriate for citizenship in representative democra-
cies—in which citizens exercise democratic choices largely through periodic 
election of political representatives, often informed by experts like scientists, engi-
neers, lawyers and other professionals (Wood, 1998). However, as discussed above, 
some people are very concerned about influences powerful members of societies 
sometimes have on fields of science and technology that frequently seem to result in 
various personal, social and environmental harms—with climate change associated 
with fossil fuel industries, lobbyists, etc. arguably our most pressing problem 
(Klein, 2014). Although such harms linked to fields of science and technology 
appear to be quite serious, it seems difficult for citizens to deeply learn about them. 
It is apparent, for instance, that members of the private sector promote controversies 
and associated confusion about possible harms from their products and services by 
paying reputable scientists, physicians, journalists and others to cast doubt on evi-
dence from fields of science that—if the public knew about and respected it—may 
dissuade them from purchasing products like weapons, cigarettes, pesticides, and 
fossil fuel powered vehicles (Oreskes & Conway, 2010). Some scholars and others 
suggest, therefore, that science education needs to help students to develop, exper-
tise, confidence and motivation for engaging in more critical and active citizenship 
in participatory forms of democracy (e.g., Hodson, 2011; Santos, 2009). Such criti-
cal and activist societies could experience improvements to wellbeing of individu-
als, societies and environments. Rationale for such more engaged citizenry also 
seems philosophically and ethically sound. Based on social epistemology (e.g., 
Fuller, 2002), in which it is claimed that individual achievements invariably involve 
communities, past and present, we each may have the responsibility to share (and 
can benefit from sharing) our wealth and wellbeing with our communities (e.g., 
Alperovitz & Daly, 2008). Such a noble position about citizenship was well- 
expressed by the famous physicist, Albert Einstein:

2 STEPWISE: A Framework Prioritizing Altruistic Actions to Address Socioscientific…



26

The aim (of education) must be the training of independently acting and thinking individu-
als who, however, can see in the service to the community their highest life achievement 
(Calaprice, 2000).

Although such a stance on life and citizenship may seem highly altruistic, actions 
we take to improve others’ wellbeing may be returned to us—because we are con-
nected to many other people in our society (and, likely, worldwide) (Batson, 1994).

2.3  STEPWISE in Theory and Practice

Soon after developing the STEPWISE framework in Fig. 2.1, I began working with 
graduate students to conduct research to understand its effectiveness in various for-
mal and informal science education contexts and learning about factors apparently 
influencing related outcomes. Most of these contexts were in urban or suburban 
schools in and around Toronto, Canada, as well as in my pre-service science teacher 
education courses. We also, however, facilitated one teacher’s implementation of 
STEPWISE in an international school in Venezuela—which appeared to lead to 
some interesting insights relating to socio-political context (see Zouda, Nishizawa 
& Bencze, Chap. 15, this volume).

Particularly when visiting teachers in their schools and discussing approaches 
they might take, it soon became apparent that they found the framework in Fig. 2.1 
to be impractical (Bencze & Carter, 2011). It seemed particularly difficult to imag-
ine lessons and activities that, as the model suggests, would engage different stu-
dents in multiple learning domains (e.g., ‘Products Education’ and ‘Skills 
Education’) at the same time, leading in different directions within the framework 
for each student—a somewhat rhizomatic education that Gilles Deleuze and Félix 
Guattari (1987) suggested may be more democratic than more hierarchical (‘arbo-
rescent’) approaches commonly-found in schools. Through a series of negotiations 
with teachers, such as those described by Darren Hoeg, Tanya Williamson and Larry 
Bencze in Chap. 3 of this volume, more hierarchical schemas like that in Fig. 2.3 
were acceptable to them. They seemed to prefer, in other words, a relatively- 
structured, deficit, approach—which assumes students need teachers to provide 
missing expertise and confidence by guiding them through a series of lessons and 
activities for, eventually, enabling and motivating them to self-direct research- 
informed and negotiated action projects to address SSIs of their interest/concern.

There are various ways elements of the tetrahedral version of STEPWISE 
(Fig. 2.1) could have been re-arranged to be more practical for teachers’ uses. As 
argued above, a priority was to prepare students for engaging in socio-political 
activism to address socioscientific issues/problems of concern to them. A key con-
sideration in that, however, had to be student motivation. We asked, ‘What would 
incline students to spend some of their cultural (and, likely, social) capital (Bourdieu, 
1986) on acts for others?’ To answer this question, we drew on Etienne Wenger’s 
(1998) knowledge duality theory—which posits that learning engagement is 
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enhanced the more students control decisions about reciprocal translations between 
phenomena and representations of them. This concept also relates to a schema pro-
vided by Wolff-Michael Roth (2001), which depicts reciprocal relationships 
between conduct of ‘science’ and ‘technology’ (or engineering). As shown in 
Fig.  2.4, we adapted this schema to explain research-informed and negotiated 

Fig. 2.3 STEPWISE pedagogical approach

Fig. 2.4 A model for research-informed actions on STSE issues
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actions (RiNA) (Bencze & Carter, 2015). Students should, in other words, become 
highly committed to RiNA projects if they have maximum control over ‘research’ 
(World ➔ Sign translations) and, using findings from their research, negotiations of 
actions (Sign ➔ World translations). (Note: ontological and ideological gaps are 
discussed below.)

Given the relative paucity of STSE education approaches, apparently dominated 
by those that emphasize empirical-rational controversies (Pedretti & Nazir, 2011), 
teachers’ tendencies to control students’ inquiry decisions, and relative dearth of 
student engagement in socio-political actions (Hodson, 2011), it seems clear that 
most students will require preparatory lessons and activities that may help them 
develop expertise, confidence and motivation for self-directing RiNA projects. 
These are shown in the schema in Fig. 2.3 as RiNA apprenticeships. These lessons 
and activities are structured in three phases, based on fundamental constructivist 
learning theory (e.g., Osborne & Wittrock, 1985) (acknowledging social construc-
tivist forms). These suggest that learners can benefit from first reflecting on and 
expressing their existing conceptions (“Students Reflect”), about which they often 
are not consciously-aware, before a teacher provides them with alternative concep-
tions (“Teacher Teaches”) and then encourages them to evaluate competing concep-
tions through various personally-meaningful implementation activities (“Students 
Practise”). As indicated in Fig. 2.3, such apprenticeship activities should vary in 
terms of the extent to which teachers or students control decisions (Lock, 1990). In 
the “Students Reflect” phase, it seems that, while teachers need to provide stimuli 
(e.g., looking at a picture) for reflections, most interactions should be student- 
directed and, if students are to relatively-freely express their conceptions (without 
feeling pressure to provide ideas planned by the teacher, for instance), such activi-
ties should be open-ended; that is, not pre-determined by the teacher and dependent 
on each student’s prior experiences and perspectives. Afterwards, however, because 
students in many classes will vary in their cultural and social capital (Bourdieu, 
1986), the teacher should use relatively teacher-directed and closed-ended 
approaches (in the “Teacher Teaches” phase) to ensure all students have full access 
to essential attitudes, skills and knowledge (‘ASK’) that may benefit them. In the 
last phase of the apprenticeship (“Students Practise”), students are given consider-
able control over decisions, to the point of being nearly, if not fully, student-directed 
and open-ended. Teachers can, however, provide students with support (more 
teacher-directed) when students request it. If, moreover, the teacher feels it is neces-
sary, students can be provided with a second apprenticeship cycle before being 
asked to self-direct projects. Once teachers feel students are ready, they would 
‘leave’ the apprenticeship stage and be asked to self-direct RiNA projects—and, as 
‘situational experts,’ ultimately define ‘expertise’ in ways matching contexts of 
their projects (Bencze, 2000).
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2.4  Some Research-Informed Practical Suggestions 
for STEPWISE Uses

In working with teachers implementing the schemas in Figs. 2.3 and 2.4 (mainly) 
and in using them as bases for my instruction in science teacher education, it seems 
that, while many insights are still likely to arise, we have learned much about 
STEPWISE. Some of this knowledge has been published elsewhere (e.g., Bencze & 
Alsop, 2014), with more perspectives and practices provided through the 
‘Documentaries’ section of this book. The sub-sections below, however, provide 
readers with some highlights from our research and development findings relating 
to these documentaries:

2.4.1  Students Reflect

In getting students to reflect on and ‘express’ their existing conceptions about STSE 
relationships and RiNA projects, educators may consider various—largely interre-
lated—factors, including: (i) Learning control: Regarding Fig. 2.2, encouraging stu-
dents to reflect on/express their existing notions suggests needs for student-directed 
and open-ended experiences. However, experience demonstrates that students typi-
cally benefit from some stimuli from teachers for reflection—such as, as described 
next, provision of possible reflection topics; (ii) Topics of reflection: Broadly, if our 
purpose is to encourage students to express some of their existing conceptions of 
STSE relationships and RiNA projects, while teachers may keep in mind models of 
STSE like that in Fig. 2.5 and RiNA like that in Fig. 2.4, they also need to remember 
to minimize their directivity—erring on the side of encouraging students to 

Fig. 2.5 A model for STSE relationships
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freely-express their ASK, which typically implies more divergent than convergent 
directions and questions (examples of which are provided below). After later 
apprenticeship lessons and activities, however, especially in the “Teacher Teaches” 
phase, students may be asked to represent (in the “Students Reflect” phase) their 
existing conceptions in ways the teacher might desire, such as by constructing actor- 
network maps about them; (iii) Stimuli for reflection: Keeping in mind that teachers 
should attempt to minimize their influence on students’ expressions, stimuli pro-
vided by them should be as divergent as possible, at least at first (Hudson, 1967). In 
doing so, there appears to be merit in thinking about ‘stimuli’ teachers can provide 
in terms of phenomena and teacher instructions and questions. Teachers might, for 
instance, begin by asking students to simply note in a journal observations and con-
clusions they make over a few days of, for example, being at home, travelling to and 
from school and being at school that they believe to relate to ‘science.’ Perhaps in a 
somewhat more convergent vein, teachers could present students with photographs, 
videos, etc. and/or physical examples of various ‘products’ of science and technol-
ogy (e.g., commodities, like cell phones) and ask them to describe what they think 
is ‘good’ and ‘bad’ about them, which people and groups may support such claims, 
what solutions they imagine for problems they identify and ‘preparation’ (e.g., 
research) they may need to conduct prior to acting on their solutions. Additionally 
or instead, teachers might ask students to evaluate various suggestions for actions to 
address STSE problems; such as, ‘The federal government should encourage com-
panies to extract oil and gas from Canada’s arctic’ and ‘It’s OK to smoke cigarettes 
because the pleasure outweighs health risks.’ In this volume, Mirjan Krstovic (Chap. 
6) and Varsha Patel (Chap. 4) provide some concrete examples of similar kinds of 
reflection/expression activities; (iv) Forms of expression: In providing instructions 
and posing questions, teachers can ask students to represent their pre-instructional 
conceptions in many different forms. These include, but are not limited to: speech; 
written text; drawings; graphs; models; actor-network maps (refer below); sketches; 
and, poems. Again, decisions about these will depend on students’ ages and stages 
of development in abilities and understandings of STSE, research and actions and 
ways of expression of them—much of which will depend on the extent to which 
such ASK have been previously taught and learned; and, (v) Expected outcomes: 
Finally, aligned with the open-ended (Fig. 2.2) nature of such reflections, it should 
be clear to teachers that natural variations in student responses are to be expected 
and, indeed, celebrated. Students should, generally, only be evaluated in terms of 
effort—not regarding their specific responses.

2.4.2  Teacher Teaches

Although it is important to honour students’ pre-conceived notions about STSE 
relationships and actions possibly informed by research (and other resources), given 
the relative dearth of relevant education (e.g., Pedretti & Nazir, 2011), it seems 
inevitable that they will need access to attitudes, skills and knowledge (ASK) that 
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may benefit their lives and that of other individuals, societies and environments. 
There is considerable debate, however, how students might gain access to such 
ASK. In science education, it is common for educational scholars, administrators 
and others to engage students in so-called ‘authentic’ inquiry-based learning experi-
ences—such as experiments scientists might conduct—and, although prompts may 
be given, expect students to derive relevant laws and theories of science. Reneé 
Schwartz, Norman Lederman and Barbara Crawford (2004), for instance, who have 
done considerable work in this area in the USA, have said that such experiences 
often can be characterized as follows:

Within a classroom, scientific inquiry involves student-centered projects, with students 
actively engaged in inquiry processes and meaning construction, with teacher guidance, to 
achieve meaningful understanding of scientifically accepted ideas targeted by the curricu-
lum (p. 612).

Such a conception of teaching, where particular, pre-determined, learning is 
expected, seems flawed (Bencze & Alsop, 2009). One problem is that not all stu-
dents will ‘discover’ or interpret phenomena in the same way, since all of them have 
had different prior experiences and, consequently, have different mental structures 
in their brains that may or may not match stimuli from the world. Regarding the 
black and white image in Fig. 2.6, for instance, some people may ‘see’ geographic 
shapes, others may ‘see’ the side of a cow and others may ‘see’ something else 
(Hodson, 1986). Therefore, a particularly problematic aspect of expecting students 
to discover certain, pre-determined, ASK is that, due to differences in cultural and 
social capital (Bourdieu, 1986), disadvantaged (e.g., poorer) students are less likely 
to discover intended ASK and, therefore, social stratification may be reinforced 
(and, perhaps, magnified) through such approaches. Accordingly, it seems best for 
teachers to use more teacher-directed (and, perhaps, closed-ended) approaches to 
ensure all students have access to ASK (in this case, about STSE relationships and 
RiNA projects) that may be useful to them. Having made this claim, as elaborated 
below (“Students Practise”), direct teacher instruction is likely to be insufficient for 

Fig. 2.6 A Gestalt image
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deep, meaningful, learning. It is apparent that such instruction must be later com-
bined with opportunities to practise ASK that have been taught. Logic for this 
comes from knowledge duality theory (Wenger, 1998), which posits that deep, 
meaningful, learning occurs best when students have maximum control over both 
inductive (World ➔ Sign) and deductive (Sign ➔ World) aspects of learning (see 
Fig. 2.4). Teachers should, accordingly, often attempt to balance teacher instruction 
(phase 2) with student practice (phase 3) in contexts having meaning for students.

Although there are many teacher-led instructional approaches for phase 2 of the 
apprenticeship in Fig. 2.3, including lectures and/or Socratic lessons, with demon-
strations, photographs, drawings, videos, etc., to teach students about particular 
STSE relationships and RiNA projects, a common approach, which often combines 
deductive and inductive thinking, is use of case methods; that is, documentaries 
(‘cases’) summarizing phenomena, with instructions and questions (‘methods’) to 
engage students in learning from and through the cases (Bencze, Hewitt, & Pedretti, 
2001). A very effective kind of case/documentary is one (or more) depiction(s) of 
STSE-RiNA projects conducted by students of a similar age as those in the class. A 
case method could be created around the image in Fig. 2.7, which shows students 
presenting a report of their study of content (e.g., minerals) of different types of 
bottled water and tap water, along with their action banner (not shown here was this 
group’s action video comparing bottled to tap water, which they posted to 
YouTube™). Other such examples could be taken from the special issue of the 
Journal for Activist Science & Technology Education (JASTE) containing several 
reports of student-led RiNA projects (goo.gl/N00b3s). Another excellent source of 
cases is provided by The Story of Stuff project (storyofstuff.org), which focuses on 
problematic aspects of ‘the materials economy,’ involving processes from extrac-
tion, through production, distribution, consumption and disposal (Leonard, 2010). It 
includes videos about such controversial commodities as bottled water, cosmetics 
and electronic devices (e.g., cell phones and digital music players). Teachers could 
develop such cases into case methods by asking students to review the reports and 
answer a range of questions about them that would help students to understand 
aspects of STSE relationships and research-informed and negotiated action projects 
that could be conducted. One common schema for developing instructions and 
questions for students’ interactions with cases is Bloom’s Taxonomy of the Cognitive 
Domain (Anderson et al., 2001)—which suggests that students can be engaged in a 
range of types of thought, perhaps balanced among memorization and explanation, 
analyses and evaluations.

In using case methods (and other approaches) to teach students about STSE rela-
tionships and RiNA projects, there are several specific perspectives and practices 
that likely should be shared with them, depending on students’ ages and stages of 
development, using certain teaching/learning strategies. Many of these are shared in 
the Documentaries set of chapters provided in this volume. Perhaps most funda-
mentally, students should understand cases like those above in terms of the STSE 
model in Fig.  2.5. Discussions with students about positions (e.g., ‘positive’ or 
‘negative’) of various ‘stakeholders’ regarding possible problems for wellbeing of 
individuals, societies and environments (WISE) might include claims, for example, 
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of those supporting and opposing government-sanctioned private sector funding of 
professional science and/or engineering (e.g., Mirowski, 2011). Useful related dis-
cussions with students might include, as noted above, those about private sector 
influences on public perceptions about risks and doubt regarding commercial prod-
ucts and services (Oreskes & Conway, 2010 [also see: www.merchantsofdoubt.
org]). Teachers should, then, share with students various actions people have taken 
to address perceived problems—perhaps using a graphic like that in Fig. 2.8 as a 
focus of discussion; asking students, for instance, about the extent to which they 
would be willing and interested in engaging in each type of action. Angeliki 
Grundy’s chapter (5) in this volume, in which she describes and discusses merits of 
persuasive writing as a form of action, also should be useful in this regard. In 

Fig. 2.7 Students’ RiNA project presentation
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 discussing such actions, it also is important for teachers to advise students of impor-
tance of conducting effective research (with more suggestions below) as bases for 
action decisions. An effective technique for this is to show students a video depict-
ing citizens’ support for banning ‘DHMO’ (e.g., youtube.com/
watch?v=A58XI4pzGU0), helping them realize that people can often agree to 
actions based on minimal evidence or, perhaps, in terms of social cues like friends’ 
status. In association with such discussions, teachers should show students exam-
ples of secondary and primary research methods and results (e.g., Figs. 2.3 and 2.7) 
people have used as (at least partial) bases for their action decisions.

Students’ initiations into STSE relationships and RiNA projects often may be rela-
tively ‘basic,’ particularly for younger students. As they become familiar with funda-
mental principles and practices like those noted above, however, teachers can 
introduce them to increasingly complex relationships, issues, problems, actions and 
research. As recommended by Clayton Pierce (2013), students can gain perhaps much 
more enlightened knowledge and perspectives about the nature of STSE relationships 
(and research, negotiation and actions) if they are taught about aspects of actor-net-
work theory (ANT) and how to develop actor-network maps illustrating reciprocal 
relationships among living, nonliving and symbolic (semiotic) entities (‘actants’). He 
suggests, also, that such enlightenment can be democratizing, exposing students to 
potentially problematic actants (e.g., corporations, government [de-]regulations and 
transnational think tanks) often omitted from public and educational discussions 

Fig. 2.8 Some STSE action types

L. Bencze

http://youtube.com/watch?v=A58XI4pzGU0
http://youtube.com/watch?v=A58XI4pzGU0


35

about for-profit commodities. We have, accordingly, explored, in the last few years, 
uses of such mapping in various contexts and for various purposes. Implications of 
uses of ANT did, indeed, seemed to be so significant that ten of the seventeen chapters 
in the Documentaries section of the book emphasized it. As described by Larry 
Bencze and Mirjan Krstovic (Chap. 9) and Mirjan Krstovic (Chap. 6), introduction of 
ANT appeared to help students to accommodate enlightening critical perspectives on 
commodities commonly consumed by youth, consciousness that they then used to 
educate peers about relevant controversies and potential problems. Particularly useful 
in this regard seemed to be the Trojan horse metaphor and the concept of punctualiza-
tion (Callon, 1991); that is, that commodities can be ‘black-boxed,’ made to appear as 
idealized isolated entities, distracting consumers from attending to possibly-problem-
atic actants. This line of reasoning was, then, extended to encourage students to criti-
cally analyze commodities in ways that seemed to lead them to design inventions that 
would be functional and be sympathetic to wellbeing of individuals, societies and 
environments they found to be networked with commodities (Bencze & Krstovic, 
Chap. 10, this volume). Critiques of technologies, meanwhile, also involved merits of 
uses of online communication tools (wiki pages) and, through complex sets of rea-
soning, actor-network theory as an ontological tool (Ramjewan, Zoras & Bencze, 
Chap. 12, this volume). Such self- critical arguments seem reminiscent of Jacques 
Derrida’s (1998) concept of deconstruction, acknowledging complexities and uncer-
tainties in dialectical relationships like those in actor-networks. At the same time, an 
extension of ANT in the form of Foucault’s (2008) concept of dispositif (i.e., assem-
blage of mutually-supporting actants for common purposes) seemed useful in analyz-
ing an ongoing socioscientific controversy between citizen activists and city and 
corporate interests—a documentary perhaps worth sharing with students as an illus-
tration of competition among power structures (Bencze & Pouliot, Chap. 17, this 
volume).

Finally, although we might like to think that our teaching about STSE and RiNA 
projects fairly and accurately represents them, it seems that educators may be—in 
ways perhaps not unlike that of neoliberal capitalists—subject to ontological and 
ideological gaps (Fig. 2.4). Those producing educational materials (e.g., textbook 
publishers, school district personnel & teachers) may, to some extent, misrepresent 
the ‘World’ with their ‘Signs’ (e.g., PowerPoint slide series, videos, written cases, 
etc.) that, in turn, may be translated (Sign ➔ World) into misinterpretations of the 
‘World’ (e.g., of STSE & RiNA) by students. There are, perhaps, many opportuni-
ties for such mistranslations. According to Lilian Pozzer and Wolff-Michael Roth 
(2003), for instance, there may be a series of steps in World ➔ Sign translations 
(Fig. 2.4) that involve progressive loss of detail (and representativeness); such as: 
flower ➔ picture ➔ drawing ➔ graph (e.g., rate of photosynthesis vs. light inten-
sity) ➔ chemical equation (e.g., photosynthesis). Accordingly, teachers need to be 
mindful of potential for misrepresentation, depending on the nature of objects (e.g., 
photographs vs. drawings) they use. Students may, for instance, receive printed cop-
ies of cells or they may view them on a screen containing a projected image of a cell. 
In such translations, one can imagine ontological and ideological gaps. The former 
are, likely, unavoidable. The latter, however, may depend on teachers’ purposes. For 
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example, if the cell image already is idealized, perhaps the teacher may want to 
point this out to students. There are, however, situations in which science teachers 
may misrepresent STSE relationships through planned or unconscious omission of 
certain problematic details. Indeed, this often appears to be the case, for instance, 
regarding the extent to which problematic aspects of business-science partnerships 
are avoided in school science (Carter, 2005).

2.4.3  Products Education

 Clearly, students’ understanding of STSE relationships (including controversies 
and problems) and (refer to the next sub-section) abilities to design and conduct 
research (secondary and primary) and personal and social actions to address per-
ceived problems may, at least, depend on all other elements of the STEPWISE tet-
rahedron. Among these, an element that often will influence teachers’ and students’ 
engagement in STSE education and RiNA projects is ‘Products Education’ 
(Fig. 2.1)—which tends to dominate science education. Given that educators often 
find that teaching about STSE (socioscientific) issues can motivate students to learn 
about ‘Products’ (Venville & Dawson, 2010) and, to satisfy teachers’ frequent inter-
est in teaching/learning in this domain, it appears to make sense for teachers using 
the STEPWISE pedagogical framework (Fig. 2.3) to teach various laws, theories 
and technologies as they teach about STSE relationships and relevant RiNA proj-
ects. For example, when teaching students about potential health problems (e.g., 
heart disease) from ‘trans-fats’ (solid lipids produced from liquid oil through chem-
ical addition of hydrogen), students also can be taught, for example, about chemis-
try and biology of lipids (fats and oils).

2.4.4  Students Practise

In light of problems of authenticity of representation of STSE relationships and 
RiNA projects, despite merits of purposely teaching students about some of them 
and teachers’ attempts to accurately represent them, it seems that students need 
opportunities to engage more directly in them. Their learning about STSE-RiNA 
should not be—essentially—vicarious. Indeed, given Wenger’s (1998) claim that 
deep, committed, learning occurs when learners have considerable control over both 
directions of the World ← → Sign dialectic (Fig. 2.4), the more students should have 
opportunities to influence decisions over representing (researching) the World of 
phenomena and over using (acting with) their representations (Signs) to attempt to 
affect changes in the World. Accordingly, students need to be engaged (perhaps in 
groups) in practice RiNA projects to address problematic STSE relationships of 
their interest (“Students Practise” in Fig. 2.3). Typically, this would involve picking 
an STSE issue to investigate, both in terms of secondary and primary research, and 
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using findings to inform their development and implementation of actions they 
believe necessary to rectify STSE problems of their concern. Again, depending on 
students’ ages and levels of expertise, confidence and motivation (e.g., with more or 
less experience with such projects), teachers may have to provide varying levels of 
support.

Frequently, despite having been exposed to various RiNA projects in phase 2 of 
one or more apprenticeship(s) (Fig.  2.3), students often request suggestions for 
project topics. In doing so, teachers can provide students with ideas at various levels 
of specificity. Some students may only need basic questions, such as: ‘Should 
genetically engineered organisms be introduced into natural ecological systems?,’ 
‘To what extent should governments take steps to promote public transportation and 
self-propelled modes of transport (e.g., bicycles) at the expense of private, motor-
ized vehicular transportation?’ and ‘To what extent should people in the richest 
countries of the world attempt to address diseases (e.g., malaria) affecting people in 
poorer countries?’ At a slightly higher level of specificity, teachers can provide brief 
issue descriptions, such as:

People in various places throughout the world often mediate their social relations through 
various forms of electronic technologies, including cell phones, personal music players and 
organizers, video games, television, movies, internet, etc. Among various concerns about 
these and other technologies is that they may carry with them particular ‘messages’ (often 
in the form of instructions for or limitations of use) that may surreptitiously govern people’s 
lives. This often is debated through the concepts of techno- and social-determinism.

More specificity, such as in terms of a greater range of actants, can be provided 
through ‘commodity actant arrays,’ like that in Fig. 2.9. Such resources, of course, 
give students results of some initial secondary research—while leaving room for 
them to conduct more secondary and primary (e.g., a correlational study of age, 
gender, etc. vs. drone (non-)use) research that students can then use for informing 
development and implementation of action(s) they deem appropriate. More 
information- rich and multimedia versions of such arrays also have been prepared by 
us using Prezi™ presentation software; such as one dealing with fast and manufac-
tured foods at: goo.gl/zuBb7w. Our preliminary studies of such multimedia arrays 
suggest, for instance, that teachers often may prefer to adapt them in ways suiting 
needs and interests of students in their classes (Hoeg et al., Chap. 16, this volume).

In examining various stimuli for topics like those described above, students (per-
haps in small groups) should then be required to develop STSE cases. This will 
involve secondary research (often via the Internet) to determine positive and nega-
tive effects on wellbeing of individuals, societies and/or environments due to influ-
ences of powerful people/groups on fields of science and technology. In doing so, 
students should be asked to determine likely ‘stakeholders’ (e.g., members of gov-
ernment, companies and activist groups) concerned and not concerned about appar-
ent ‘problems’) and, perhaps, to construct actor-network maps to describe problem(s) 
in STSE relationships they would like to address.

To supplement what they have learned about the STSE relationship of their inter-
est, students should then be asked to design and conduct one or more empirical 
inquiries—in which investigators base conclusions, at least in part, on experiences 

2 STEPWISE: A Framework Prioritizing Altruistic Actions to Address Socioscientific…

http://dx.doi.org/10.1007/978-3-319-55505-8_16


38

F
ig

. 2
.9

 
A

 c
om

m
od

ity
 a

ct
an

t a
rr

ay
 f

or
 ‘

D
ro

ne
s’

L. Bencze



39

with physical phenomena (including energy). There is considerable disagreement, 
however, how investigators carry out such inquiries. Although experimentation is 
commonly associated with science inquiry, it seems appropriate to suggest that 
investigations into possible problems associated with STSE relationships be carried 
out as studies, particularly correlational studies—in which investigators monitor 
natural changes in possible independent and dependent variables, such as amount of 
nicotine (in cigarettes) consumed and cancer rates (Bencze, 1996). Our research 
suggests that correlational studies work well for teenagers when data and actions are 
local and social (Bencze & Krstovic, Chap. 7, this volume).

Using findings from their secondary and primary research, students should then 
be encouraged to negotiate conclusions and plans of action (e.g., from Fig. 2.8) to 
address problems they identify. In our research, most students tend to choose edu-
cational forms of action, such as posters, PowerPoint™ presentations, and pam-
phlets—examples of which have been reported elsewhere (e.g., Bencze, Sperling, & 
Carter, 2012; Sperling & Bencze, 2010) and in several chapters in this volume. In 
Fig. 2.7, an example is provided of students’ RiNA project results—in this case, 
dealing with relative merits of bottled vs. tap water, illustrating their poster and data 
table used in combination with a class presentation and activist video they posted to 
YouTube™. It also was popular for students to post educational information through 
social media (Zoras & Bencze, 2014). Much less frequently, students chose to lobby 
power-brokers—sometimes aimed at companies (e.g., Ramjewan, Zoras & Bencze, 
Chaps. 12 and 14, this volume), but mostly focusing on local individuals and groups, 
such as school principals and/or service staff (e.g., Krstovic, 2014). Finally, apart 
from ‘boycotting offenders’ and ‘providing services’ (Fig. 2.8), perhaps the least 
common action in school science programmes we have studied was for students to 
design technologies that took into consideration wellbeing of individuals, societies 
and environments. We have reported some successes with this in an elementary 
school ‘science and technology’ course (Wilkinson & Bencze, 2015), and some suc-
cesses enabling students to imagine (rather than build and test) technologies in a 
senior high school chemistry course (Bencze & Krstovic, Chap. 10, this volume)—
although several students did appear to develop critical awareness of and ideas for 
reform of for-profit commodities, particularly with uses of actor-network analyses.

Despite being shown examples of research in the “Teacher Teaches” phase of the 
apprenticeship (Fig. 2.3), because students, perhaps ironically, rarely have chances 
to self-direct science research in science classes, which would help them develop 
expertise, confidence and motivation for such research, teachers often have to pro-
vide students with extra lessons and activities, as part of what may be called a 
‘skills’ (acknowledging their complexity) apprenticeship, to help them develop said 
expertise, etcetera (Bencze, 2000). To assist with this, a set of sample skills develop-
ment lessons and activities is provided at: goo.gl/tPILNi. Since these were devel-
oped in the early 1990s, teachers now could/should adapt them to include more 
STSE contexts for the activities. Such apprenticeship lessons and activities can be 
patterned after the 3-phase apprenticeship in Fig. 2.3. In such lessons and activities, 
again, students could be shown samples of reports of projects conducted by students 
(e.g., from JASTE, as noted above).

2 STEPWISE: A Framework Prioritizing Altruistic Actions to Address Socioscientific…

http://dx.doi.org/10.1007/978-3-319-55505-8_7
http://dx.doi.org/10.1007/978-3-319-55505-8_12
http://dx.doi.org/10.1007/978-3-319-55505-8_14
http://dx.doi.org/10.1007/978-3-319-55505-8_10


40

After various apprenticeship activities like those described above based on the 
schema in Fig. 2.3, teachers are urged to decide if students are ready to self-direct 
RiNA projects to address SSIs of their choice or whether they may benefit from 
another set of apprenticeship lessons and activities. We have found that this depends 
on ages and educational stages of students, along with the teacher’s comfort-level 
with STEPWISE-informed practices. A group of students enrolled in a grade nine 
course leading to an ‘IB’ (International Baccalaureate) programme, for example, 
only needed one set of apprenticeship activities before they were able to mentor 
younger students in their RiNA projects and, also benefiting from that mentoring 
work, effectively design and conduct RiNA projects on topics of their interest/con-
cern (Ramjewan, Zoras & Bencze, Chap. 14, this volume). For many students, how-
ever, a second apprenticeship seemed necessary. To supplement the second round of 
activities, however, we have found that engaging students in activities to reflect on 
and discuss the nature of RiNA projects (Bencze & Krstovic, Chap. 8, this volume), 
along with public reporting (in an ‘STSE Action Fair’) (Krstovic, Chap. 6, this vol-
ume), seems to help expedite students’ progress towards self-directing RiNA proj-
ects. Based on discussions above, for example, it may be particularly important for 
teachers to share with students the idea that effective actions should be networked; 
that is, single actions, like a poster, can be, for example, ‘mobilized’ by sharing it 
via social media, such as Twitter™, Instagram™, YouTube™ and Facebook™. 
Such a lesson about importance of networked actions is elaborated in Chap. 17 
(Bencze & Pouliot) in this volume.

2.4.5  Student-Led RiNA Projects

Finally, after the teacher feels that most—if not all—students are adequately prepared, 
s/he may choose to give students an assignment—with a range of deadlines for parts 
of the project—asking them to self-direct RiNA projects to address power- related 
problems of interest to them in STSE relationships. Examples of students’ self-
directed research-informed and negotiated action projects to address socioscientific 
issues of interest/concern to them are provided in several chapters in this book, includ-
ing: Bencze and Krstovic (Chaps. 7, 8, 9, 10, and 11), Krstovic (Chap. 6), Ramjewan, 
Zoras and Bencze (Chaps. 12 and 14) and Zouda, Nishizawa and Bencze (Chap. 15).

2.4.6  STEPWISE in Science Teacher Education

In parallel with my work with science (and technology) teachers since 2006 based 
on STEPWISE, I have worked to apply it to my teaching in science teacher educa-
tion—which is described in Chap. 18 in this volume—and in after-school contexts 
with youth. In my university-based science teacher education teaching, I had some 
moderate successes implementing it in the context of mainstream, mandatory, 
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science teaching methods courses. However, for a range of reasons, I found it was 
necessary to withdraw from that teaching and focus on using STEPWISE as a basis 
for an optional course in science teacher education. That course has shown potential 
for impacting school systems, particularly as—ironically—government financial 
austerity measures increased average class sizes for my course, allowing me to 
‘reach’ more student-teachers. Meanwhile, especially in the last 4–5 years, we have 
attempted to implement STEPWISE in non-school settings, with hopes that lack of 
school system structural pressures would allow for increased freedom required by 
our approaches. In Chap. 19 (Sperling & Bencze) in this volume, however, we 
describe that, while youth involved in after-school programmes can make consider-
able gains—in terms, for example, of active citizenship orientations—such contexts 
can be limiting, influenced by different situational factors.

2.5  Summary and Futures

The STEPWISE framework as originally conceived—in its tetrahedral form—
seems to be based on some sound theories. For it to be successful in science educa-
tion and science teacher education contexts, however, it appeared to need 
simplification. As a relatively structured linear approach, which conceives of many 
students as needing a series of ‘apprenticeship’ lessons and activities to help them 
to develop expertise, confidence and motivation for eventually self-directing 
research-informed and negotiated action projects to address socioscientific issues/
problems of their choice, it seemed to be somewhat successful. Research reported 
here and elsewhere into uses of this schema suggest that, under certain conditions, 
the following kinds of outcomes for students are common: (i) knowledge and under-
standing of aspects of relationships among fields of science and technology and 
members of societies (including corporations) and environments that they deem 
‘positive’ and ‘negative,’ including in light of awareness of often-hidden problem-
atic actants, such as private sector agents; (ii) facility with and motivation for pri-
mary research, including as social correlational studies, to learn more about 
socioscientific issues; and, (iii) facility with and motivation for a range—although 
mostly educational—of personal and social actions that may help improve wellbe-
ing of individuals, societies and/or environments.

Many educational approaches engaging students in consideration of socioscien-
tific (STSE) issues tend to view citizens (including students) as receivers of expert 
knowledge who, while sometimes providing experts with feedback, mainly are 
thought of as exercising influence over experts only indirectly—through periodic 
elections, for example (Levinson, 2010). STEPWISE-informed approaches dis-
cussed in this book, by contrast, appear to view citizens/students as capable of 
engaging in ‘praxis’ (e.g., primary research) and ‘dissent and conflict’ (e.g., critical 
views of STSE and socio-political actions) (Levinson, 2010). Moreover, such out-
comes did not appear to be limited to advantaged students. An important finding, 
reported in this book in Chap. 13 (Phillips-MacNeil, Krstovic & Bencze) and 

2 STEPWISE: A Framework Prioritizing Altruistic Actions to Address Socioscientific…

http://dx.doi.org/10.1007/978-3-319-55505-8_19
http://dx.doi.org/10.1007/978-3-319-55505-8_13


42

 previously (Krstovic 2014), was that students who tended to not experience suc-
cesses in their previous science education, which often emphasized more teacher-
directed activities aimed at supporting relatively decontextualized, pre-specified, 
knowledge claims from fields of science and technology, appeared to enjoy and 
succeed with STEPWISE-influenced pedagogies.

Although reports in the Documentaries section of this book may suggest that 
STEPWISE-informed perspectives and practices can help students to achieve a 
range of relevant outcomes that, together, may contribute to improvements in well-
being of individuals, societies and environments, contexts for such successes seem 
relatively rare. Again, as described above, there seems to be some sort of ‘invisible 
hand’ largely-confining science education to instruction in achievements of and 
practices in fields of science and technology. Perhaps, however, through insights 
gained from perspectives and practices provided by scholars who have provided 
chapters in the Commentaries section of this book, effective approaches enabling 
broader uses of STEPWISE—and/or modifications of it—may be achieved.
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Part II
Documentaries

Overview

The chapters in this section provide accounts of STEWISE frameworks in practice. 
Authors include teachers, graduate student researchers and me. These accounts 
were produced in relation to analyses of data collected in action research intended 
to understand efficacy of STEPWISE in promoting research-informed and negoti-
ated actions to address socioscientific issues/problems of interest to students, along 
with factors affecting such outcomes. In many cases, authors integrated various 
theoretical perspectives in their descriptions and analyses of teaching/learning situ-
ations in schools, in an after-school context and in the context of a science teacher 
education course
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Chapter 3
School Science Ruling Relations 
and Resistance to Activism in Early Secondary 
School Science

Darren Hoeg, Tanya Williamson, and Larry Bencze 

3.1  Introduction

A central challenge for teachers aiming to develop activist education is enacting 
socially just teaching practices that may be poorly supported by the existing school 
culture. Acquisition of these practices requires a supportive environment, or what 
Roderick Watts, Nat Williams, and Robert Jagers (2003) term an ecology. An ecol-
ogy effective for activism is a local context that enables sustained, repeated engage-
ment with relevant social issues that is affirmed through meaningful social change 
(Watts, Griffith, & Abdul-Adil, 1999). A supportive ecology enables individuals to 
acquire knowledge about social inequities, develop awareness and empathy, and 
enact new behaviours to change relationships reproducing these inequities (Watts, 
Williams, & Jagers, 2003). School ecology is communicated through complex insti-
tutional networks that often value particular, reproducible types of science teacher 
practices, such as formulaic laboratory practica, and common science inquiry activ-
ities, that can constitute an ecology that is resistant to activism (Hoeg, 2016). This 
chapter describes experiences of Amy, teaching in a grade 10 science classroom in 
Ontario, Canada, as she encounters both supportive and resistant school ecologies 
while developing and implementing activist science education experiences.
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3.2  Science and Technology Education Promoting Wellbeing 
for Individuals, Societies and Environments 
(STEPWISE)

Socioscientific issues (SSIs) have been described as social issues related to practices 
and products of science and technology (Zeidler, Sadler, Simons, & Howes, 2005). 
Many of these issues, such as debates about climate change and loss of bio-diversity 
due to human settlement and deforestation, require citizen attention and action. 
According to Derek Hodson (2003), one of the aims for science education incorpo-
rating SSI’s is to engage students in sociopolitical action, or activism, which he 
describes as “acquiring the capacity and commitment to take appropriate, respon-
sible, and effective action on matters of social, economic, environmental and moral- 
ethical concern” (p.  658). This aim supports arguments for what we term 
socioscientific activism to be taught. Socioscientific activism is supported in school 
science through curricular developments such as Socioscientific Issues (SSIs) and 
Science, Technology, Society and Environment (STSE) education. However, these 
components are often taught, if at all, as simply add-on content (Hodson, 2003), 
limiting their potential to engage students in relevant socioscientific issues. The 
open-ended nature of knowledge constructed as students engage in addressing 
socioscientific issues may be difficult to implement in school education increasingly 
committed to preparing students for high stakes exams (Calabrese-Barton, 2012).

STEPWISE is a pedagogical framework that orients student learning and activity 
toward activism by encouraging and enabling them to use at least some of their sci-
ence education to address SSI through actions intended for common good. The 
research and learning activities described in the framework include constructivist 
and student-directed activities, resulting in students addressing social and ecologi-
cal problems related to decisions made by powerful people and groups pertaining to 
fields of science and technology. A key feature of STEPWISE is to engage students 
in self-directed primary (e.g., their own studies) and secondary (e.g., internet 
searches) research to help inform their decisions about and actions toward SSIs, 
often culminating with self-directed actions to address SSIs. STEPWISE is repre-
sented in a tetrahedral model in Fig. 3.1.

This model emphasizes an idyllic nature of learning science leading toward 
activism that is an organic process that cannot be predicted, and one that responds 
to different other actants as they change. In theory, a teacher can start at any point, 
because each element is co-dependent. However, this model of learning may be dif-
ficult to envision and enact by teachers socialized in science teacher cultures that 
privilege ruling relations based on progressively gaining expertise and confidence in 
science content-driven instruction and the authority of science knowledge, making 
the cyclical and multi-directional nature of the tetrahedral STEPWISE model of 
enactment an unfamiliar and potentially uncomfortable pedagogy.

In order for activist education such as that described by STEPWISE to be effec-
tive, it appears to require a supportive ecology that is responsive to both planned as 
well as organic and unpredictable learning events (Hoeg, Lemelin, & Bencze, 
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2015). Schools, like other social institutions, are characterised by particular ecolo-
gies sustained through repeated and empowered social practices articulated through 
social relations. Social relations can be described as the person-to-person or, more 
commonly, text-to-person interactions that occur in daily life (Smith, 1999). In 
order for institutions to maintain their characteristic features in diverse localities, 
social relations must be coordinated trans-locally. This can be achieved through text 
and discourse (Smith, 1999), or what might be thought of more holistically as a 
form of institutional culture. Dorothy Smith (1987) describes institutional culture as 
being defined by ruling relations — enacted social relations that reproduce patterns 
of activity. Ruling relations are understood as activities conducted by individuals, 
from which connections to and patterns in the activities of other people, often in 
distant locations but in the same or similar institutions, can be identified.

Schools can be thought to be organised by ruling relations pertaining to, for 
example, age (grade levels), ability within age groups (streaming), authority (the 
teacher) and performance (report cards) (Ball, 2006). Yet, more subject-specific rul-
ing relations also exert their influence on orthodoxies of professional practice of 
teachers. In school science, for example, ruling relations appear to reproduce 
authoritative science knowledge — prescribed science knowledge determined by 
the powers of authority (scientists)  — that is taught as a product that must be 
acquired by students at the expense of their autonomy or democratic determination 
(Apple, 2004). Authoritative knowledge is intended to be learned as is, rather than 
interpreted or constructed by teachers and students, resembling the problematic 
‘banking’ type of education described by Freire (1997). Activist science education, 

Fig. 3.1 The STEPWISE theoretical framework
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however, is largely predicated upon the notion that students are enabled to produce 
their own knowledge about social phenomenon related to processes and products of 
science and technology that may not be explicitly articulated in the curriculum. This 
necessitates forms of science teacher practice that are novel, and may not be sup-
ported by existing school science ecologies, requiring teachers to challenge the very 
ruling relations that are privileged in schools and school science itself. In light of 
these tensions, we aimed to evaluate the extent to which Amy was able to implement 
experiences based on STEPWISE, as well as how this was enabled and resisted by 
school science ruling relations.

3.3  Context and Methodology

Our study examines experiences of Amy as she implemented STEPWISE in her 
grade 10 Applied Science classroom. The Applied Science course is designed to 
“focus on the essential concepts of a subject, and develop students’ knowledge and 
skills through practical applications and concrete examples” (Ministry of Education 
[MOE], 2008). The course provides opportunity for students to learn science used 
in their everyday lives; thus, making connections between science, technology, soci-
eties and environments (STSE), and extended projects that use science to solve 
problems are frequently enacted by students in this course (Interview, January 19, 
2009). Because the course is not preparation for post-secondary science, there is 
apparently less pressure on teachers to impart the large volume of factual knowl-
edge that is often associated with science and university science preparation courses 
(Interview, January 19, 2009). In addition, STSE is the first of three learning goals 
in the Ontario Science Curriculum, and “provides the context for developing the 
related skills and conceptual knowledge necessary for making connections between 
scientific, technological, social, and environmental issues” (MOE, 2008, p. 16). The 
practical nature of the applied course, a lack of emphasis placed on exams, and foci 
on social and environmental implications of science and technology inherent in 
STSE, make the Applied Science course, in theory, ideal for the enactment of 
STEPWISE based science education  — although there can be issues of student 
engagement in science with such students (Aikenhead, 1996).

Our research approaches stem from concepts and practices of Institutional 
Ethnography (IE). IE is widely attributed to Dorothy Smith, and investigates inter-
actions, or ruling relations, between daily human activity and broader social struc-
tures in society (Smith, 1999). In IE, investigations often focus on “what people are 
doing and experiencing in a given local site that are at the same time hooked into 
sequences of action implicating and coordinating multiple local sites where others 
are active” (Smith, p. 52). Researchers using IE frequently are interested in how 
extra-local social phenomena that act to similarly organize people’s actions are also 
necessarily produced by those very actions. An IE perspective allows us to under-
stand how reproductive ruling relations occurring in Amy’s science classroom 
enabled and resisted implementation of STEPWISE-based science experiences.
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As in other ethnographic approaches, we used observations, interviews and anal-
ysis of documents as our primary sources for claims. Interviews allowed us to 
explore how Amy came to understand and develop STEPWISE science experiences 
through her discussions with Larry, who acted as a process facilitator and researcher, 
and her observations about its implementation. Initial interviews were open-ended, 
involving discussion about the STEPWISE framework and its potential enactment, 
enabling Amy to make personal choices in developing units and lessons based on 
this framework. Short interviews/discussions focusing on Amy’s views about the 
success of particular activities also occurred immediately after the completion of 
lessons. Several more formal, semi-structured, interviews were conducted after the 
semester, to evaluate Amy’s views on the STEPWISE-based pedagogy she devel-
oped. Classroom observations were conducted each week during the second semes-
ter (January–June) when the majority of STEPWISE experiences occurred. Lesson 
plans, student activity sheet/lesson outlines, and students’ work also were exam-
ined. In addition, three students were evaluated for their commitment to activism; 
this occurred through an interview and evaluation of the STEPWISE-based work 
they completed throughout the semester.

Data analysis in IE attempts to understand how common daily activities of peo-
ple are aligned with similar practices of people elsewhere, in order to illuminate 
ruling relations characteristic of this common activity. Since we observed only a 
single teacher, we consulted the literature to provide broader context for the teach-
ing practices with which Amy may be aligned. Through interpretations of text and 
raw data, concepts or themes were derived corresponding to ruling relations that 
influenced Amy’s enactment of STEPWISE. Our analysis involved a repetitive and 
circular coding procedure — deriving, defining and modifying coding categories 
while reading, rereading and assigning responses to the categories (Wasser & 
Bresler, 1996), in a manner that corresponds to a general inductive approach 
(Thomas, 2006).

3.4  Findings and Discussion

Findings of this study illuminate a rocky and uneven pedagogical ecology charac-
terised by ruling relations that appear to have pipelined Amy’s teaching practice 
down familiar and well-worn paths, often resisting new routes and ideal forms of 
activist science education. Ruling relations appeared to be derived from various 
spheres of activity, including Amy’s past experiences in science and school science, 
an existing culture of science teaching in which she was engaged, and her views of 
ideal forms of science education.

Teacher Background and Connections to Activism Whatever social relations 
exist in schools that tend to cause reproduction of particular practices, individual 
motivation and interpretation of social settings work within these relations, reifying 
and potentially changing them, resulting in enactment (Sawchuk & Stetsenko, 
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2008). Accounting for the individual, what has often been termed agency in the 
social sciences is, therefore, an important consideration in understanding Amy’s 
development of STEPWISE experiences. Amy completed a B.Sc. in Applied 
Science with a focus on Biology, Geography, and Geology. She later went to teach-
er’s college eventually becoming a high school science teacher — which she had 
been doing for 9 years by the time of this study. Amy recently completed a Masters 
of Arts (education) degree, during which she examined impacts of environmental 
place-based education on student perceptions of school and learning and how expe-
rience impacted their knowledge and attitudes about environments.

Amy’s dispositions toward science, technology and society (STS) were obtained 
during targeted interviews. Amy disagreed with placing science as separate and 
self-contained from technology and society, stating “Society is better informed by 
science,” but this is “a two directional process, where science affects society and 
society affects science. This is also reflected in the researchers who get funded 
based on what research is deemed socially important” (Interview, January 9, 2009). 
Amy also suggested that a layer of environment needed to be added to an STS dia-
gram she was shown (Adapted from Figure 1 in Ziman, 1984, p. 4), with arrows 
indicating how the four realms directly inform each other. “Both science and tech-
nology have a positive and a negative effect on society” (Interview, January 19, 
2009) — these beliefs suggest Amy is critical of some of the products of science and 
technology that are inherent to social issues. Such criticism may be necessary for a 
teacher’s sustained commitment to activism (Hoeg, Lemelin, & Bencze, 2015).

Amy’s commitment to activism was influenced by past personal experiences and 
her desire to provide more student-centred and socially-relevant pedagogy. Amy 
discussed tree planting as a student, which she now considers a form of activism. 
During her undergraduate degree, Amy went to Taiwan to participate in research on 
dolphin conservation. “I really credit a lot of my interest and commitment to the 
environment and conservation to my time working and living in Asia.” Amy said she 
was affected by the bursting, densely populated cities of Asia, which she described 
as very polluted and toxic to the natural environment. These experiences are 
reflected in how she “wants to see kids view the effects of humans on the environ-
ment” (Interview, January 19, 2009) after doing lessons and activities in her class. 
Amy also indicated an STSE course she took during her graduate degree modelled 
discussion based, student centred and project oriented (a class debate) approaches, 
and these influenced her desire to explore these more frequently in her teaching.

Despite these goals, Amy expressed considerable insecurity about her ability to 
change as a science teacher to a degree necessary to implement non-traditional 
approaches, such as STEPWISE. This suggests an awareness of both her personal 
limitations as well as some of the ruling relations in schools and school science that 
might resist these approaches. For example, Amy lacked confidence in her suitabil-
ity to be involved in STEPWISE, claiming, “I would not really say that I am an 
activist. And, if I don’t have confidence in myself as an activist, how can the kids 
have confidence in themselves?” (Interview, January 19, 2009). Her lack of convic-
tion about being an activist appears to be contradicted by her involvement in tree 
planting, suggesting uncertainty about what activism might entail. Despite these 
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inconsistencies, Amy was determined to change her teaching practice and try new 
approaches. Amy was critical of her mentors during teachers’ college who were 
quite traditional in ways in which they approached science education, motivating 
her to separate herself from those traditions. Through trying a critical thinking 
approach, she hoped to get away from the more didactic approach of “[Amy imagin-
ing another teacher talking] ‘Here’s the textbook, let me write the lesson on the 
board and now off you go.’ I want to involve more critical thinking and hands-on 
activities in my lessons.” (Interview, Feb 27, 2009).

Implementing STEPWISE Amy met with Larry six times prior to and during the 
2008–2009 school year to discuss science education, activism, STSE, and 
STEPWISE.  During these discussions, a major decision about STEPWISE 
occurred — largely due to Amy’s struggles with bridging the tetrahedral version of 
the framework with dominant pedagogical perspectives and, as she said, “realities 
of the classroom” (Interview, Jan. 19, 2009). In particular, while Larry emphasized 
that “there should be a point in which the kids are able to make decisions about their 
research where they don’t need the teacher anymore, and take action,” Amy 
responded that she was unsure how that could be accomplished “without [teachers] 
having some control over what they do” (Interview, Jan. 19, 2009). Amy’s discom-
fort with the tetrahedral version of STEPWISE (Fig. 3.1) led Larry to develop — 
first as a hand-written sketch sitting with Amy—a re-arranged version of it, like that 
in Fig. 3.2, that they felt might be more practical for teachers and for students.

The timeline represents learning as occurring in a more linear-progressive man-
ner, with a definite start and finish, that models the “unit of learning” conceptualisa-
tion of education dominant in schools (Roth, 2013). Amy was able to implement 
several learning experiences based on this more practical, linear, version of 
STEPWISE during the 2008–2009 school year. The activities for which data were 
collected are presented in Table 3.1.

Although these activities do not each represent a start to finish completion of the 
timeline in Fig. 3.2, each represents at least one part of it. For example, Amy used 
the helicopter drop experiment as an apprenticeship to teach students about doing 
science inquiry — the intention is that they will later use these skills in more student- 
guided experiments related to activism. Amy was thoroughly impressed by the stu-
dents’ levels of engagement in the STEPWISE activities. She felt the students were 
excited by the chance to do hands-on experiments and she noticed a positive change 
in classroom behaviour; students were ‘acting-out’ less because they were concen-
trating on their work. For example, Amy felt the student posters developed around 
the question of “Why is learning chemistry important?” were effective because 
“students are more engaged in science if they know why/how the knowledge is rel-
evant to their everyday lives” (Interview, Feb. 10, 2009). Students’ posters listed 
reasons such as “to further enhance your knowledge,” “to know which chemicals 
are good or bad,” “for fun!,” “to learn what stuff is made of,” “to know what to do if 
a bad reaction happens,” “more job opportunities, “new discoveries,” and “to know 
where to dispose harmful chemicals.” Such relevancy is especially important to stu-
dents in an Applied science course, said Amy, because “they will not be doing 
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 science in university; and, my kids need science to be accessible because they may 
have had bad experiences with it in the past” (Interview, Feb 24, 2009). After being 
taught chemical concepts, students completed a journal entry, in which several 
 commented that they would want to use their new knowledge to help people. Amy 
was pleased with successes of this activity, commenting, “I would like to do this 

Table 3.1 Stepwise units and activities enacted by amy

Unit STEPWISE activity Description of activity

Chemistry Why study chemistry? 
(Brainstorming)

This activity provides a diagnostic assessment 
on student attimdes towards chemistry before 
and after the unit. Students were encouraged 
to answer this question in their journal before 
the unit began. Students answered the same 
question once the unit was complete and 
responses were compared to see how 
perceptions changed over the course of the 
unit.

Chemistry/E 
cology

The Story Of Staff 
(Modelling research based 
STSE activism)

Students were given an anticipation guide to 
answer before and after watching the movie. 
A discussion ensued regarding the effect of 
‘stuff’ on the environment and how student 
choices (i.e. what they buy) impacts the 
environment and others in the world.

Motion No texting while driving 
(Students STSE Actions)

Tins investigation created awareness on how 
distractions affect reaction time. Students 
attempted to catch a metre stick with and 
without texting or talking on the phone. 
Students found that talking and texting 
increased the amount of time it took to catch 
the ruler. The results were applied to the issue 
of distracted driving.

Motion Parachute Drop activity 
(Apprenticeship)

Students investigated what variables affect the 
drop time or precision of a parachute drop. 
Results were used to discuss how parachutes 
are used in military and rescue operations.

Ecology Soy Bean growth 
experiment 
(Apprenticeship)

Tins activity examined the impact of ‘acid 
rain’ on the growth of bean plants. Students 
used varying amounts of acid to water their 
bean plants.

Ecology Determining the Effects of 
Pollutants on Freshwater 
Invertebrates (Daphnia) 
(Apprenticeship)

Tins activity examined the effects of various 
chemical and pollutant on the growth and 
survival of Daphnia. a fresh water 
invertebrate. Live Daphnia were provided to 
students, who then designed inquiry based 
activities to test the effects of various 
pollutants on the survival of the Daphnia,

All year Science Journal (reflections) Students were encouraged to write their 
thoughts and opinions related to what they 
learned in science class. Several entries were 
made throughout the semester.
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every unit, and it was a good assessment piece. The idea that some of them tied in 
education, to use chemistry to teach other people, I mean it’s a form of activism, 
teaching other people” (Interview, Feb. 27, 2009). After gaining some technical 
expertise implemented STEPWISE experiences, she remarked, “I have no idea how 
I was teaching before! I’m embarrassed to think about how I was teaching because 
I feel so strongly that this [STEPWISE] is the way I want to organize my classes” 
(Interview, July 21, 2009). These positive results indicate, to some extent, develop-
ment and enactment of STEPWISE educational experiences, although certainly, 
these still appeared to be limited by personal and institutional factors.

3.5  Resistances to STEPWISE-Informed Activism

Although Amy implemented some STEPWISE-based education practices, she 
experienced significant challenges to their enactment. Dominant ruling relations 
that sustain conservative practices connected to teaching prescribed knowledge in 
school science appeared to resist enactment of STEPWISE, and re-oriented Amy’s 
teaching practice back towards more conservative conceptions of teaching and 
learning. These ruling relations are discussed in the proceeding sections.

The “Unit” Model of Teaching and Learning A dominant pedagogical structure 
of school science is the discrete unit of study, defined by a clear beginning, a pro-
gressive increase in students’ skill and knowledge, terminating with some product 
that will be assessed/evaluated (Ball, 2006). Teachers may see their jobs as develop-
ers and deliverers of such ‘units’ of education (Wallace, 2012), and seldom has this 
taken-for-granted metric of teaching and learning been problematized (Roth, 2013). 
The unit can be seen, however, as a reductive, and awkward, if not unnatural and 
oppositional, organization of human learning (Stetsenko, 2012).

The requirement of using the unit as a metric of education is communicated 
implicitly in the Ontario curriculum through its division of related content into the 
traditional disciplines of Biology, Chemistry, Earth and Space Science, and 
Physics — each of these might be seen as a discrete unit of study, propagating a 
fragmented view of science learning. The curriculum also advocates for a common 
method of unit planning, known as ‘backward design,’ an approach supported in 
Understanding By Design (UBD) (Wiggins & McTighe, 1998). In such unit plan-
ning, teachers start with the learning outcomes (content) they expect students to 
achieve, and plan backward towards assessment tools to measure, and then the spe-
cific lessons that will lead to student acquisition of skills and knowledge articulated 
in the curriculum. The STEPWISE pedagogical framework in Fig.  3.2 makes a 
compromise between a more ideal form of activist learning (e.g., Fig. 3.1) and reali-
ties and structures of contemporary school science that can, unfortunately, also be 
seen to continue traditions of representing learning as occurring through a unit of 
study.
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A conceptualisation of learning based on the discrete unit was apparent through-
out the data. For example, each activity presented in Table 3.1 was part of a larger 
unit of study. During initial unit planning, Amy stated, “I am struggling to come up 
with a WISE related skills activity for my grade 10 motion unit for an applied class” 
(Amy, email communication, 2009). This suggests that viewing activism as occur-
ring in and through a unit was problematic for Amy, as unit content often did not 
provide obvious and clear direction for potential activism. This struggle is a com-
mon one for teachers committed to providing activist opportunity for students — 
how can activist education, requiring unknown lengths of time and unpredictable 
experiences, be represented as a cohesive body of knowledge, skills and activity 
(the unit) that is conveyed to students and evaluated? Several features of this incon-
gruity are apparent in Amy’s struggles, and suggest other school science ruling rela-
tions connected to the discrete content-unit that resist activist educational 
frameworks such as STEPWISE.

Linear-Progressive Conceptions of Learning Learning is traditionally thought 
of as a linear process in which the learner progressively accumulates the skills and 
knowledge required to achieve some desired outcome (Treagust & Duit, 2008). This 
process initiates from the students’ existing mental frameworks, conceptions or dis-
courses that, assisted by teachers through the activity they construct, lead to some 
new state of knowing that matches predetermined learning goals. New knowledge is 
theorized as the logical outcome of students’ progressive actions that are the conse-
quences (effects) of the learning intentions (causes) of teachers (Roth, 2013). Yet, 
alternative process philosophies, such as that of Deleuze, discussed by Jesse Bazzul 
and Shakhnoza Kayumova in this book (Chap. 30), conceptualise learning as an 
unknown “event in-the-making” (Roth, 2013, p.  2), diffuse and sporadic (Watts 
et al. 2003), challenging linear-progressive views of learning that appear to domi-
nate school and teacher cultures (Wallin, 2012). Process models of learning suggest 
learning as something unfinished and therefore as something that cannot be grasped 
because it does not yet exist. Learners and teachers do not know what is to be 
learned; therefore, they cannot intentionally orient to constructing future knowledge 
or discourse (Roth, 2012).

A model of learning based on a linear progression, however, remains a cherished 
way of thinking about curriculum and learning (Roth, 2013), and works toward 
restructuring or, to use Deleuze and Guattari’s term (1987), ‘reterritorialising’ new 
forms of science education. Reterritorialization is a process by which practices are 
re-appropriated, re-habitualized, or held together such that acting and thinking dif-
ferently, such as is required by a teacher attempting to implement activist education, 
is more difficult. Evidence of a linear progressive conceptualization of learning that 
reterritorialized Amy’s teaching practice was apparent in the data we collected. For 
example, when asked what she would change about her planning of activities, Amy 
answered: “I would change the whole approach to it…..I found that I jumped all 
over the place, and there was really no progression” (Interview, Feb. 24, 2009). This 
demonstrates Amy’s dissatisfaction with the temporal logic (progression) of many 
activities; she felt they were “disorganized and very chaotic lessons” (Interview, Feb 
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24, 2009), suggesting the influence of dominant ruling relations that work to struc-
ture Amy’s conceptions of learning and teaching as occurring along a linear pro-
gression. During the parachute drop activity, Amy felt students’ skills of accurately 
measuring distance and correctly timing the drop were weak and that she had not 
adequately prepared students for the activity. As a result of their poor progress, she 
felt the results were unreliable, causing her to regress back to an earlier point along 
the linear progression of the activity, so students could complete a successful para-
chute drop. Finally, when asked about activism, Amy said “Action is the last step. 
Students would progress toward that” (Interview, Feb. 24, 2009). This suggests a 
conception of a linear progression toward a terminal point, a known event, charac-
terised by a learned act of activism. These tensions were in large part the reason for 
the development of the pedagogical version of STEPWISE (Fig. 3.2), itself a linear- 
progressive model of enactment for activist science education upon which Amy’s 
activities were based. Yet, the linear progressive model of education may be prob-
lematic for the development of socio-political orientations required for activism, as 
these appear to occur more diffusely through repeated engagements with social 
issues and encountering new events, during which students construct new personal 
knowledge about these issues (Watts et al. 2003). Thus, activist education may bet-
ter be served through models of education based on process philosophies of 
learning.

Content-Driven Instruction A requirement of linear progressions of learning is 
that students and teachers have a learning goal toward which progress occurs — 
usually toward prescribed learning outcomes (Wallin, 2012), what is often consid-
ered content. Content is prescribed by the Ministry of Education in Ontario (e.g., 
MOE, 2008), and is a priority for school science, potentially compromising teach-
ers’ development of learning experiences that might lead to unknown events, such 
as student-centered experiences in which they construct knowledge (Bencze, 
Sperling, & Carter, 2012). Thus, covering the content through authority-centric 
practices, such as didactic teacher lecture and formulaic labs, seem to have become 
dominant ‘ruling relations’ in school science (Hodson, 2009).

The normalisation of covering the content was apparent when speaking to Amy. 
She demonstrated frustration about a culture of school that prioritised content teach-
ing, stating “schools only want to focus on exam preparation, they won’t do the 
[STEP]WISE focused experiments” (Interview, February 27, 2009). Amy also 
expressed concern that both classes had to write the same exam, stating, “It’s (the 
exam) so traditional, multiple choice and content based, it doesn’t reflect the hands-
 on approach I want to be taking with them (her students)” (Interview, February 27, 
2009). A requirement to prepare her students for the exam made the STEPWISE 
activities an extra assignment for Amy’s students, who questioned her about why 
they had to do more assignments than their peers in other classes. This content- 
driven instruction can be seen as a ruling relation that Amy resisted in order to 
implement STEPWISE lessons, yet it imposed an institutional expectation that 
restricted the amount of time Amy was availed to enact these lessons. Despite valu-
ing a hands-on, more open-ended and activist approach to learning, Amy herself 
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demonstrated an internalisation of a content-driven ruling relation, stating “although 
I love how engaged students are, I wonder if they are learning the science they really 
need to know” (Interview, Feb. 27, 2009). The fact that the culture of science 
 teaching at her school valued content driven instruction suggests Amy, and her stu-
dents, were attempting to enact activist education in a seemingly non-supportive 
ecology.

Content-driven pedagogy influences enactment of teaching and learning prac-
tices in which tendencies of conformity are developed, prevent students and teach-
ers from drawing their own conclusions, and critiquing knowledge and those who 
control it (Wood, 1998), making it a poor choice for activist-based science educa-
tion. A systemic school-wide preoccupation with providing students with knowl-
edge to consume potentially reconstitutes activist education as simply an exercise in 
acquiring another type of authoritative content knowledge (Santos, 2009). 
Dominance of content-drive instruction suggests it is a ruling relation that reterrito-
rialises novel ways of teaching and learning that are required for social justice edu-
cation such as activism. This objectification of socio-political and socio-scientific 
practices that are the target of activist education could lead to ambivalence towards 
the very communities and environments oppressed through these practices (Beyer, 
1998).

Counter-Cultural Practice Amy’s implementation of novel STEPWISE based 
experiences seemed to be resisted by established practices, or ruling relations, that 
are part of science teacher “cultural memory” (Handa & Tippins, 2011, p. 2), con-
stituted in a repository of tried-and-true approaches that have become institution-
alised in school science (Hoeg, 2016). Rethinking these practices is difficult because 
it requires a “nomadic way of thinking curriculum” (Reynolds & Webber, 2004, 
p.  16), in which familiar concepts, cause–effect relations, and “bifurcated 
opposition[s]” (p. 16) are suspended. These challenges may be expected, as teachers 
have developed pedagogical content knowledge, knowledge about how to teach 
various science concepts, that has been structured by dominant, content-oriented 
teaching practices. As an example of Amy’s difficulty in envisioning counter- 
cultural practices (Hoeg & Bencze, 2014), she said, “I just can’t think of any sort of 
[STEP]WISE activity that can go along with the mousetrap cars. I haven’t taught 
this course in a while, but the students’ summative [final assessments] in classes 
past is to design a mousetrap car. But what sort of action can they take once they 
gather data?” (Interview, Feb. 10, 2009). Amy mentioned that finding connections 
to larger STSE issues was tricky when exploring a topic like chemical naming/for-
mulas, which she viewed as fact-based content that is typically imparted to students. 
Even Larry, a former science teacher himself, was not immune to the challenges in 
overcoming cultural memory, when he commented about planning activist experi-
ences with Amy, stating, “I admit this is difficult .... but, what a sense of relief when 
you come up with an idea!” (Larry, e-mail communication, 2009). Amy mentioned 
she was looking forward to a unit on weather or ecosystems, where STSE issues 
were more obvious, and established teaching practices were already better aligned 
with STEPWISE.
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Activism education such as that described in STEPWISE likely requires a re- 
orientation, in which potential educational experiences start, for example, from an 
issue, or problem, rather than specific content knowledge. The change in perspec-
tive about how to create educational experiences for students creates a challenge for 
teachers that takes considerable creativity, courage, and counter-cultural perspec-
tives to overcome.

Individualism Learning commonly is theorized in terms of individual and social 
construction of concepts or discourse (Scott, Mortimer, & Aguiar, 2006). Yet, teach-
ing approaches based on the linear-progressive models of learning valued by many 
science teachers are designed to impart and evaluate knowledge acquired by the 
individual student, which may be oppositional to communitarian intentions of activ-
ist education (Bencze & Carter, 2011). Additionally, quick delivery of scientific 
content likely makes students (and teachers) become individually competitive 
(Eisenhart, Finkel, & Marion, 1996). Each educational experience designed by Amy 
was to be completed by and evaluated for each individual student. Practices privi-
leging the individual in lessons and assessments likely have a subliminal persuasive 
effect (Hardt & Negri, 2009), imparting values of individuals onto students. Their 
sense of individualism as it related to learning chemistry can be seen in students’ 
comments, such as “to further enhance your (my) knowledge”, “to know which 
chemicals are good or bad for you (me)”, “for (my) fun!”, and, “more job opportuni-
ties (for me)”. The taken-for-granted value of the individual in school was demon-
strated by Amy, when she commented, “it was quite successful in my opinion 
because students love to talk and they enjoy connecting science to their own lives” 
(Interview, Feb. 29, 2009), rather than connecting science to society or the 
community.

Student’s Commitment to Activism Several of Amy’s students were evaluated 
for their commitment to activism, based on the following criteria developed during 
previous STEPWISE research: (1) Passionate indications (e.g., statements about 
issue and/or action) to address issues; (2) Clear indication of intention to implement 
actions; (3) Confidence in effectiveness of action (‘outcome expectancy’); (4) 
Student self-efficacy (i.e., that s/he feels capable of effectively implementing the 
action); (5) Detailed analysis/planning of action; and (6) Number and variety of 
actions (Bencze, Sperling, & Carter, 2012). Evaluation was based on students’ work 
throughout the course, students’ written reflections, and student interviews. Students 
could score from 1 to 5 for each of the indications of activism identified in Table 3.2, 
below, with 1 being the lowest level of indication, and 5 being the highest.

Students generally were not very emotionally engaged with the issues they stud-
ied, nor were they enthusiastic about taking action. Students’ intention to take 
action, however, was relatively well articulated. For example, Sandy, who’s primary 
research was determining the oxygen level in water in relation to temperature, iden-
tified “organizing rallies, giving announcements, creating posters, telling people 
what you learnt” (Interview, June 9, 2009) as actions she would like to carry out to 
reverse global warming. These remained more of a theoretical proposition, how-
ever, as she demonstrated no clear intent to carry out these actions, stating, “It’s 
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kinda hard…because since global warming is such a big issue…you can’t really go 
around the world and change the water temperature”. In her final reflection, Sandy 
wrote, “Hopefully, the actions you take will get people to stop littering and polluting 
the environment” (Reflection), indicating uncertainty about how effective would be 
this action. Ryan, who’s final project involved adding an acid to a small bean plant 
to determine its effects on soybean plant growth (finding that the acid stunted 
growth), identified “turning off lights and electronic things when they are not in 
use” and not “burning certain things” (Final reflection) as two actions he could take 
to save energy and reduce nitrate emissions. Ryan, however, also demonstrates little 
clear intent to carry out these actions, stating, “I guess I could use what I learned in 
this [acid project] about acid rain affecting plant growth to not leave on lights and 
electronic devices,” suggesting a lower level of intent.

Student self-efficacy was also relatively low among the three students. In an 
anticipation guide before watching the Story of Stuff (storyofstuff.org), Ryan cir-
cled “Disagree” in his answer to the question: “I can make a difference in creating 
a more sustainable and equitable society”. In her final reflection, Melita, who col-
lected data on the number of plastic bottles consumed each week by students (find-
ing 300 plastic bottles on average were consumed), stated, “I could help the 
environment by not using plastic bottles” (Interview), suggesting that she is not 
completely confident that her personal actions will be effective. What may be most 
noteworthy about students’ commitment to activism was their inability to take 
actions to change the issues they investigated. Only Melita took any observable 
form of action, producing a petition to oppose the selling of bottled water, for which 
she obtained 60 signatures. However, once the petition was complete, no further 
action was taken.

The low level of action among students could be explained in part by the fact that 
Amy introduced this project in the last week of school. She stated in her final inter-
view that the projects were rushed: “students did not have enough time to do more 
elaborate projects, to reflect on more creative forms of action, and to actually carry 
out those actions” (Interview, 2009). Although lack of time is certainly a feasible 
explanation for students’ low commitment to activism, we suggest that “running out 
of time” in large part stems from a pedagogical model based on the linear progres-
sive unit of study. With a definite beginning and end based on acquisition of required 
content, time becomes a subsuming factor. The discrete, linear-progressive model of 

Table 3.2 Students’ commitment to activism

Indications of activism/3 Sandy Melita Ryan

Passionate indications 1 1 1
Clear indication of intention to implement action 2 2 2
Confidence in effectiveness of action 1.5 2 1
Self-efficacy 1 2 1
Detailed analysis/planning of action 1 2.5 1
Number and variety of actions 0 1 0
Mean commitment to activism 1.1 1.7 1
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learning appeared to limit how Amy (and likely other teachers) perceived possibili-
ties and boundaries of science teaching practice. This model is likely validated and 
empowered by the linear model of STEPWISE (Fig.  3.2), potentially providing 
limitations to a more ideal enactment of activist education that leads to more signifi-
cant commitment to activism among students (Hoeg et al., 2015).

3.6  Conclusion

This study highlights several relevancies of theory and practice pertaining to enact-
ment of activist education by school science teachers. Curricular innovations, such 
as STSE and SSI, can be seen as enabling a more supportive ecology for the enact-
ment of activist science education. These reforms may allow for changes in tradi-
tions of teaching cultures, and characteristic ruling relations that comprise them. 
Yet, extant and apparently dominant ruling relations connected to individualism, 
linear-progression models of learning, and discrete units of study based on content 
acquisition, appeared to limit students’ sustained engagement with social issues that 
may lead to unplanned and process oriented learning more characteristic of socio- 
political development (Watts et al., 2003). We suggest these ruling relations may act 
to re-structure, or reterritorialise, novel social justice oriented pedagogical 
approaches, such as those required by STEPWISE, back towards conservative, 
dominant teacher practices. Although the linear STEPWISE timeline does not 
explicitly forbid a sustained and process oriented exposure to an issue or topic with 
unknown outcomes, we suggest its clear resemblance to a discrete, linear- progressive 
unit model of education that already may be reproduced through extant ruling rela-
tions make this a problematic representation for STEPWISE activism. Science 
teachers using the STEPWISE timeline may need considerable professional sup-
port, and to be provided with successful examples of its enactment in similar insti-
tutional ecologies, to develop activist science education that can lead to significant 
sociopolitical development of students.
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Activating Students’ Conceptions 
and Positions on STSE Issues in Preparation 
for Socio-political Activism

Varsha Patel

4.1  Introduction

Ontario secondary school science teachers are expected to meet ‘STSE’ (Science, 
Technology, Society, and the Environment) teaching/learning expectations set forth 
by the province’s Ministry of Education, including assessing students on their abil-
ity to critically analyze various socioscientific issues (MoE, 2008). Through such 
critical analyses, their reflections and research may lead them to actions aimed at 
positive social and/or environmental changes. The ability to relate science to tech-
nology, society, and the environment is required in order to function in a scientifically- 
literate world where science manifests itself in all facets of life. Its placement as the 
first set of teaching/learning expectations for all content strands provides the context 
within which to develop scientific literacy as science knowledge and skills to be 
learnt in ways anchored meaningfully within a social, technological and environ-
mental framework. The inter-dependence amongst the four elements of STSE makes 
science education much more interdisciplinary, with controversies potentially aris-
ing from these relationships.

Controversies can surface through the activation of students’ preconceived 
notions on a given STSE topic, a tack recommended from fundamental constructiv-
ist learning theory (Osborne & Wittrock, 1985). Such preconceived notions are 
brought to conscious awareness by engaging students in meaningful dialogue with 
themselves, with each other and through interactions with media (e.g., movies, 
news articles, images, videos). In contrast to traditional approaches, often involving 
transmission of information between individuals through a teacher-talk and student 
response format of instruction, constructivist theory suggests that an individual’s 
understanding of the world around him/her is constructed by integrating incoming 
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information into his/her existing schema, a mental model of how s/he views the 
world (Llewellyn, 2005). New knowledge is best developed by linking it to what the 
individual already believes to be true. Sometimes, students are not aware of their 
beliefs, but by activating their schema, such beliefs can move to the forefront of 
their consciousness and, in so doing, be constantly revised and refined in light of 
new information. When embedded within one’s own schema, newly-acquired infor-
mation can be evaluated according to that schema. At the same time, such recon-
structions can be highly complicated by social interactions and discourse among 
peers and others (Vygotsky, 1978).

Given that the first set of curricular expectations of each unit in Ontario curricula 
are STSE-based, teachers can structure entire units in terms of socioscientific issues 
as students come to grasp new concepts from the sciences. However, given tradi-
tional preferences—by textbook publishers, teachers and others—to address knowl-
edge expectations in the curriculum, attention to the STSE issues are often limited 
to engaging students in secondary research and summary reporting, wherein they 
are not encouraged to take research-informed and negotiated action(s) that could 
contribute towards creating a better world. Such a world would house citizens that 
act in ways that promote a healthy existence by positively influencing decisions 
made by stakeholders and not acting in ways that could bring harm to societies and 
environments. Accordingly, there are needs for curricular approaches that promote 
critical views of STSE relationships and personal and social actions to address con-
troversies perceived by students. The ‘STEPWISE’ (Science & Technology 
Education Promoting Wellbeing for Individuals, Societies & Environments) frame-
work is one such approach. Originating in Ontario (see Chap. 2 in this volume), it 
arranges teaching/learning goals in ways encouraging and enabling students to 
‘spend’ at least some of their science literacy (e.g., knowledge and skills) on efforts 
to bring about a better world. More specifically, its prime goals are to help students 
to: (i) understand power relationships in STSE relationships; (ii) conduct student- 
led primary, as well as secondary, research; and (iii) conduct socio-political actions 
based on their research and education (Bencze, 2013a). Through STEPWISE 
approaches, students are not just encouraged to be aware of opposing positions in 
various STSE issues but to become life-long active citizens who care enough about 
the world in which they live, enough to cause them to be continuously critical and 
active in trying to bring about even a small-scale change. If more individuals became 
active citizens, their cumulative actions could invariably bring about large scale 
changes as their scope of influence widens. This is why it becomes fundamentally 
important to infuse principles like those inherent to STEPWISE into the educational 
system.

Although the original STEPWISE framework was in the form of a tetrahedron, 
with learning expectations for knowledge, skills, STSE relationships and student- 
led research outcomes around the periphery, all pointing to (and drawing from) 
students’ socio-political actions, field-tests with teachers led to development of a 
more linear version of the schema that they found more practical (Bencze & Carter, 
2011). This pedagogical framework suggests providing students with one or more 
sets of ‘apprenticeship’ lessons and activities that would help them to develop 
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expertise, confidence and motivation for eventually self-directing research-informed 
and negotiated action (RiNA) projects to address controversies they perceive in 
STSE relationships. These apprenticeships, which are based on basic constructivist 
learning theory (refer above), begin by asking students to ‘express’ (e.g., state, 
write, draw) some of their pre-instructional conceptions about STSE relationships. 
To ensure all students have more equal access to useful conceptions, teachers are 
then encouraged to more directly share with students knowledge and perspectives 
about STSE relationships and RiNA projects others have conducted. Students are 
then invited to develop, perhaps with teacher support, small-scale RiNA projects to 
address STSE controversies of interest to them. Depending on various factors, 
including students’ age and previous experiences with these kinds of perspectives 
and practices, teachers may have to provide additional apprenticeship lessons and 
activities before asking students to self-direct their own RiNA projects. Strategies 
introduced in this chapter can facilitate activation of students’ pre-instructional 
schemas about such issues as stepping stones towards moving them further along an 
apprenticeship towards student-led research-informed and negotiated actions on 
STSE issues.

4.2  Introductory Activity Aimed at Eliciting Image- 
Generated Student Reactions

The first activity to discuss is one I used with students in my grade 11 biology 
course during the 2012–2013 academic year. They were given an opportunity to 
respond to images taken from Evaluating Technologies resource document from the 
STEPWISE website (www.stepwiser.ca). The activity involved several components. 
Students responded to images of various commodities, with one image displayed on 
each paper and all papers taped throughout the classroom. Figure 4.1 depicts an 
image similar to one used in my activity.

Fig. 4.1 Fast foods 
(Source: Commons. 
wikimedia.org/)
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They each had to freely, but quietly, respond on the paper itself, with each stu-
dent at separate stations. Students had to visit at least 5 stations (2 min per station) 
from a total of 27, and write down pros and cons about the technology that was 
depicted in the image. They also were asked these questions: Identify individuals 
and/or groups who would be supportive of your claims (who would agree with pros, 
with cons?). Which side are you more in favour of and why? How does the image 
portrayed on the card relate to biology? This image-response activity allowed for 
concentrated individual reflection. The students were quite engaged as no one was 
talking and all were writing. The second component involved uploading of indi-
vidual student responses to his/her image (either selected from an envelope or self- 
chosen) onto Moodle (https://moodle.org), a learning management system. Thirdly, 
students responded to their peers’ viewpoints using a discussion forum I created on 
Moodle. A discussion forum was a quick way for students to reply to their peers’ 
posts.

If I were to do the activity again, students would be encouraged to visit as many 
stations as time allowed, as some wrote faster (ideas came quicker) than did others. 
I would place a time limit so that slower writers—not necessarily bad thinkers—
would be able to provide meaningful reflections, albeit, fewer in number. Some 
students asked if they had to write their name next to their reflection. I think it would 
have increased student participation if they were held accountable to their contribu-
tion by way of writing their names down. However, I did not want them to feel that 
I was judging them in any way and wanted to encourage them to be freely expres-
sive; so, they were told not to write their names, as the activity was intended to 
access their preconceived notions, to allow them to see other students’ viewpoints, 
and to allow those viewpoints to trigger other ones. I did tell them that the goal of 
the exercise was to expose them to other students’ viewpoints so as to facilitate their 
own thinking surrounding the issues. The idea was to generate as many viewpoints 
as possible as they relate to all images. Another modification I would make to this 
activity would be to expose them only to specific biotechnical images (www.nwabr.
org/teacher-center/stem-cell-research#lessons) related to a specific unit of study in 
the course (see Fig. 4.2) rather than images that portray a wide range of technolo-
gies that do not necessarily tie in directly to the curriculum but may relate to biology 
in general.

For example, Fig. 4.2 portrays GMO clones that relate to the Genetic Processes 
unit. This could then be used as a unit opener activity, to be revisited towards the end 
of the unit in order to see if there had been any refinement in their views regarding 
genetic engineering. Such views, in turn, could be pivotal in motivating them to take 
research-informed and negotiated actions. Throughout the unit, students could be 
introduced to actions people have taken by showing videos and/or having them 
analyze case studies.

Students were graded on their responses to their selected card (uploaded to STSE 
Image Response Assignment site on Moodle) and their response to at least two class-
mates’ written opinions of their image cards (posted in the discussion forum). They 
were marked on how well they communicated their thoughts and on the depth of 
connections they made between biology, technology, society and the environment 
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(see Table 4.1). The rubric could have included a criterion relating to how effec-
tively students were able to identify relevant stakeholders based on issues that a 
given image elicited. However, I was content in simply evaluating students using a 
generic rubric since the intent of the assignment was met; namely, getting students 

Fig. 4.2 Genetically-modified plant seedlings in test tubes (Source: Sepp Hasslberger, licensed 
under CC BY-NC-SA-1)

Table 4.1 Image response rubric

Level 1 
(0.5–1.5)

Level 2 
(2–2.5)

Level 3 
(3–3.5)

Level 4 
(4–5) Total

Communication 
Expression and 
organization of ideas 
and information  
(e.g. clear 
expression, logical 
organization)

Expresses and 
organizes ideas 
and information 
with limited 
effectiveness

Expresses 
and organizes 
ideas and 
information 
with some 
effectiveness

Expresses 
and organizes 
ideas and 
information 
with 
considerable 
effectiveness

Expresses 
and 
organizes 
ideas and 
information 
with a high 
degree of 
effectiveness

Making connections 
between biology, 
technology, society 
and the 
environment (e.g. 
assessing the impact 
of biology on 
technology, people 
and other living 
things, and the 
environment)

Makes 
connections 
Between 
biology, 
technology, 
society, and the 
environment 
with limited 
effectiveness

Makes 
connections 
between 
biology, 
technology, 
society, and 
the 
environment 
with some 
effectiveness

Makes 
connections 
between 
biology, 
technology, 
society, and 
the 
environment 
with 
considerable 
effectiveness

Makes 
connections 
between 
biology, 
technology, 
society, and 
the 
environment 
with a high 
degree of 
effectiveness

Source: www.edu.gov.on.ca/eng/curriculum/secondary/2009science11_12.pdf
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to freely express their ideas without judgment. All student ideas should be encour-
aged and not be judged; so, an evaluation rubric cannot evaluate students based on 
how accurate their ideas are. Student ideas are meant to be open-ended and, as such, 
should be evaluated based on how well they can express those ideas and the amount 
of effort put into expressing them in terms of richness of connections they make. 
Some connections may or may not be grounded in reality, but they are connections 
nonetheless, to be valued by the teacher. Some teacher direction can be used in 
cases where students may need to be primed in order to initiate a reaction to a given 
issue.

If students felt the need to conduct research in order to solidify their views on the 
topic(s), they were welcome to do so; but, it was not a requirement—since the 
assignment was intended to address preconceived notions students had regarding 
the relevant issues. I gave them this research option because students may not neces-
sarily have ideas of their own, especially if they never had any experience with a 
given piece of technology, were unaware of issues related to an image or had a very 
vague idea of what the image conveyed. I found that students who did conduct sec-
ondary research had a stronger, more powerful, response than those who did not 
conduct research. The research seemed to have guided their thinking, although, of 
course, they made choices on where and what to search and what to synthesize. I 
could have extended this assignment further by expecting all students to conduct 
secondary research on their topics and develop a simple action, such as develop-
ment of a poster or PowerPoint™ slide show that may be placed in a public place of 
their choice where the action would have the greatest influence (e.g., image of fast 
food items linked to posting an action-based product near the vending machine in 
the school cafeteria rather than on a classroom door).

4.3  Using Cooperative Learning Structures to Get Students 
to Express Ideas and Learn New Ideas About STSE 
Issues

A ‘jigsaw’ cooperative learning structure was used to expose students to techniques 
used to extract stem cells and controversial issues tied to each technique (www.
nwabr.org/teacher-center/stem-cell-research#lessons). This structure allows expert 
groups to acquire new information on a given technique and then share it with 
another expert group. Members of each expert group formed the jigsaw group, 
within which sharing of different techniques and associated controversies took 
place. Each student in a group of three received the following materials:

 1. One white letter-sized sheet: This had specific questions to answer individually 
after reading the handout silently. This allowed each student to be accountable 
for his own learning and have something to contribute once the group began its 
discussions.
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 2. One white legal-sized sheet: Each group had to collaboratively fill in the section 
that related only to the technique to which they were assigned. The following 
were section headings relating to each technique: How is it done? Origin of stem 
cell. Points of controversy. These were to be filled in the respective boxes of the 
table corresponding to their technique. On the other side of the sheet were four 
boxes and they had to diagram the technique based on what they read about it.

 3. One coloured sheet: One side contained a description of the technique with a 
diagram; the other side was a news article related to a real-life application of it. 
Both sides contained controversial issues.

Each small group was identified by the colour of the paper onto which the read-
ing material was photocopied, for a total of four different groups (four different 
techniques). Every student was given the reading material. So, there were blue, 
green, pink and yellow groups. Once they completed their same-coloured group- 
based work, they had to form new groups containing only one representative of each 
colour, such that all groups would then have one blue, one green, one pink and one 
yellow representative. I found this to be quite useful because I could quickly tell 
whether the groups were correctly constructed. Students had no difficulty as they 
knew where to go. In the newly constructed heterogeneous group, each student 
shared his/her own work (summarized on legal-sized sheet) based on the technique 
to which s/he was assigned. I really enjoyed this activity and I believe the students 
did, as well. They were fully engaged, were on task and eager to communicate with 
other students. All in all, the work got done and students were explaining the tech-
niques/controversies to other students, so it was a real learning experience for them. 
They were then ready to conduct research to learn more about stem cell science and 
technology by searching for and reviewing an article. For details, please see page 75 
of the document at this link7. I was contemplating on showing them a 15-min NOVA 
ScienceNOW video1 prior to having students carry out the in-class activity described 
above, but I knew the activity would take a full class period. This video shows an 
animation of some stem cell techniques, their potential uses, and ethical and politi-
cal issues over legalizing the cloning of embryonic stem cells. In retrospect, I would 
sequence my lessons differently by first posting the link to the video on Moodle and 
assigning students to watch the video as homework so that when they came to class 
the next day, they were better equipped to complete the cooperative learning activity 
in a timely manner. Even though I did specify how much time to spend on each part 
of the activity, I found that some groups had struggled to complete the in-class work 
and rushed through it towards the end of the period. Alternatively, this video could 
be scheduled for viewing in class the day before the cooperative learning activity 
was to be conducted. This would allow time for post-video discussion and possibly 
gauging where students stand on the notion of whether or not they value the use of 
cloning embryonic stem cells and for what purpose(s). This way, I could get stu-
dents to position themselves on a line according to how strongly they felt about the 

1 http://www.pbs.org/wgbh/nova/body/stem-cells-research.html
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stem cell research—from strongly supporting it to strongly opposing it. Once the 
line was formed, students of opposing views could face each other after the line was 
folded in half. For example, the first person who strongly supports cloning would 
face the last person who strongly opposes it. This could give opportunities for 
 students with opposing views to discuss their reasoning and possibly try to sway 
their opponent or face-partner to see their perspective. When students are engaged 
in lively discussions, they are likely to have a better appreciation of why they feel 
the way they do on a given issue because they have to defend their arguments. Their 
preconceived ideas on any given issue manifest themselves through the natural 
course of talking. It would have also been interesting to see if, after the cooperative 
learning activity and secondary research assignment was completed, whether or not 
their positions on the value line would change and, if so, what caused that change to 
arise. In other words, it would be interesting to see how their post-instructional ideas 
compared to their pre-instructional ones after students interact with learning objects. 
After all, it was Piaget who stated that an individual adapts his/her own conceptions 
by either assimilating or accommodating new ones to which s/he is exposed 
(O’Loughlin, 1992). In the case of accommodation, a person experiences cognitive 
dissonance in that his/her own preconceptions deviate greatly from incoming con-
ceptions from the outside world; so, in order to make sense of such discrepant 
events, s/he may need to greatly change his/her schema by creating new categories 
into which the new information can be placed. If external conceptions reinforce 
existing internal conceptions, then they can easily be assimilated into or placed into 
existing categories of their schema so that the schema is only slightly modified, 
ensuring that new and existing conceptions are congruent.

4.4  Introducing Correlational Studies to Students

A powerful way to induce a lasting change in students’ schema that embodies the 
STEPWISE philosophy is to have them understand correlational studies so that they 
can eventually conduct one of their own design, the results of which can provide 
evidence and motivation for positive change in society; that is, be beneficial to 
WISE (wellbeing of individuals, society and the environment). When students con-
duct research of their own design, they can learn more about STSE issues. Due to 
the unethical nature of experiments’ manipulation of certain variables in society 
(e.g., giving narcotics to subjects to see its effect on amount of sleep subjects expe-
rienced), studying the effect of a naturally changing variable on another variable 
might best be accomplished indirectly by conducting a correlational study (Bencze, 
1996). While scientists often conduct quantitative and qualitative studies and exper-
iments, the former may be a good choice for investigating STSE issues, since, unlike 
experiments, they do not involve purposeful changes to variables that could gener-
ate harmful effects. Rather, they involve collection of naturally-changing variables 
and then looking for correlations between pairs of variables.
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I introduced correlational studies to my students by reading an excerpt from an 
article entitled “In praise of fat” (Graham, 2012), which describes how Ancel Keys 
used government funding to conduct a study to support his theory that fat makes you 
fat. Out of the 22 countries he visited, he only used data collected from 7 countries, 
as only those countries supported his viewpoint. He failed to notice the correlation 
evident in countries (like France) that had high fat diets also had low obesity rates. 
I chose to use this example as way of stressing the importance of using a large 
sample size (not ignoring any portion of it that refuted one’s thinking) to make valid 
correlations. I then introduced a hypothetical correlational study that might look at 
the relationship between hours of time spent in daycare and level of aggression 
demonstrated in children who enter kindergarten. I stressed to students that any cor-
relation found between these two variables does not automatically mean that a natu-
rally changing variable (i.e., daycare hours) causes a definitive effect on another 
variable (i.e., level of aggression), since other variables must be factored in that 
could potentially influence the relationship you are investigating. A correlational 
study must aim at keeping other variables that might affect the relationship to be 
investigated constant (e.g., children from same ethnic background, living in same 
area, watching same amount of T.V., at least comparable amount of it, viewing simi-
lar programs on T.V. etc.). Scientists can manipulate variables in a controlled way 
(one variable at a time while other variables are kept constant) to see what effect 
changing one manipulated variable has on another variable. Selected pages (pp. 20, 
27, 24, 25, 19, and 26) from the Skills Apprenticeship resource (Bencze, 2013b [goo.
gl/tPILNi]) were completed by students working in small groups. Students enjoyed 
discussing connections they thought might exist between possible cause and pos-
sible (not definitive) result variables. Such connections may bring to light views 
related to STSE topics about which they had not been aware.

As a follow-up assignment, students were asked to write a reaction paper to a 
reading assignment that included two correlational studies.2,3 This assignment 
stressed importance of paying attention to the reliability and validity of sources. 
Such articles can be misleading if they were shown in a newspaper or on a morning 
news show. However, there are studies of smoking, for example, that have made 
some very important findings and developments. Such findings hold merit as they 
would be vetted within a scientific community. As an extension activity, students 
were asked to propose a plan that would allow them to conduct a correlational study 
of interest to them. As a way of encouraging them to express their prior conceptions 
about STSE issues, they were asked to predict and explain the outcome of their 
proposed study. If time permitted, I would have conducted a whole-class discussion 
based on students’ responses so as to allow students to see the merits of their work 
and lead the way towards a discussion of possible executable courses of action. 
Perhaps, of the correlational studies proposed, one could be selected for the purpose 
of instructing students on how best to go about creating a survey/poll as way of 
gauging public opinion.

2 http://news.bbc.co.uk/go/pr/fr/-/2/hi/health/3622817.stm
3 http://news.bbc.co.uk/go/pr/fr/-/2/hi/health/3086013.stm
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Students can be assigned homework requiring them to come up with survey 
questions targeting a particular audience and these questions can be later discussed 
and refined. An agreed-upon Google™ survey can be completed by classmates 
alone, just for the purpose of generating data that can then be analyzed as a class. 
Brainstorming survey/poll questions as a class provides students opportunities to 
evaluate such questions in terms of their validity based on the purpose of the pre-
liminary study of interest. When designing a poll or survey, it is important to think 
about what you want to determine, why you need this, who you need to ask, how to 
word the question(s), how to analyze and represent the data (e.g., in tabular and/or 
graphical form), what the data allows you to conclude and what course(s) of action 
would be suitable to address such conclusions. If students collectively are guided 
through this entire process, then they would be well on their way towards success-
fully completing their own RiNA project. An online discussion board could be set 
up for the purpose of teacher and peer feedback. A component of their assigned 
project mark might include how actively they used the discussion board as a way of 
encouraging its usage. This adds an intrapersonal component for those students who 
might shy away from a whole-class discussion but would welcome the opportunity 
to respond within the safety of a discussion forum, especially those who learn best 
through this form of multiple intelligence.

4.5  Integrating the Case Methods Approach 
with Cooperative Learning Structures in Order 
to Trigger Student Reactions Towards STSE Issues 
and the Eventual Creation of Products of Science 
and Technology

A smorgasbord of activities/assignments were prepared, all with the intention of 
getting students to express their preconceived ideas related to products of science 
and technology, some of which involved them producing products of their own. One 
such activity involved the case method. A case is any documentary of an STSE issue 
and a method is a set of student activities developed to further their ideas around it 
and to help them establish their own opinions/views. Based on this definition, the 
image-based activity related to uses of technology described earlier in this chapter 
would qualify as a good example of a case method as the images themselves would 
be the documentaries. However, this section looks at treating cooperative learning 
activities as case methods’ activities that promote student expression of ideas to 
cases (i.e., video and articles) that expose them to STSE issues. In fact, case meth-
ods can teach new ideas too, and so, can border between expressing and learning 
ideas about STSE/RiNA, both of which were evident in the responses students gave 
to the cases to which they were exposed. This time, student-centered but teacher- 
directed cooperative learning structures were set up over a span of 2 days to allow 
students to analyze controversies surrounding water pollution, such as assessing the 
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impact of human intervention on the health of fish and on the health of drinking 
water and STSE issues related to drinking water by comparing bottled water to tap 
water. By varying the activities, student engagement is increased as is the multitude 
of perspectives and responses students bring in. On the first day, students viewed a 
15 min video4 that highlighted concerns centering on water pollution, usage and 
treatment (Patel, 2013a). Following this, students were arranged into placemat 
groups of four, each group identified by a letter. The placemat itself is essentially a 
recording sheet wherein each individual in a group records his/her response in a 
given section of it. This is followed by the sharing of ideas amongst members of the 
same placemat group—usually in the middle of the sheet. The placemat activity5 
promotes thinking and discussion by first allowing students to think individually on 
a question, record their responses on a quadrant of the placemat (i.e., one section of 
a paper), then share their ideas with the small group prior to sharing ideas with the 
whole class. The purpose of this structure is to give students an opportunity to reflect 
individually on an issue, engage with others, and extend their thinking by building 
upon other students’ ideas. Ideas common to all members of the group can be writ-
ten by a nominated scribe in the centre of the placemat for the purpose of sharing to 
the whole class (Bennett & Rolheiser, 2001). If I had time for whole class discus-
sion, then I would have added a central oval to the placemat shown in Fig. 4.3 where 
common group ideas would be recorded.

The class was divided in half with placemat groups situated on the left side 
receiving a set of video questions that differed from those groups situated on the 
right side. Each placemat group folded a very large blank sheet of paper (larger than 
legal size) to form four squares, with each square identified by a number that cor-
responded to a video question (see Fig. 4.3). For example, on the square numbered 
one, student #1 responds quietly to video question #1, student #2 to video question 
#2, and so on. A sample video question was: What actions can people take to mini-
mize water consumption? Alternatively, students can be asked to pose a specific 
question on the placemat that the video answers with a different student in a place-
mat group answering it. This way, students are expected to critically analyze the 
video and identify the key issues that were presented. Students can be encouraged 
to come up with as many questions as possible based on the content of the video. By 
doing so, more enriched placemat and group discussions can be fostered.

All students simultaneously responded to their designated video question in the 
respective square of the placemat. After 3 min, students rotated the placemat 

4 http://dev.conservationontario.ca/source_protection/indexswpeducate.htm
5 http://www.eworkshop.on.ca/edu/pdf/Mod36_coop_placemat.pdf

Fig. 4.3 Placemat 
template
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 clockwise such that student #1 responded to video question #2, student # 2 to ques-
tion #3 etc. This process continued until all students responded to all four video 
questions. Individuals within each placemat group were paired off and summoned 
to share their responses with each other. After completing the placemat activity, an 
 individual from a placemat group was randomly selected to share the group’s 
response to a given video question. For example, Placemat A/individual #1 might be 
called out by the teacher to respond. Encouraging students to participate in whole 
class discussions in this manner makes all learners equally accountable as anyone 
can be called upon to respond to a question. Having the class divided in half could 
set the stage for debates whereby students situated on the left side respond to one 
side of an issue and students on the right side would defend the opposing viewpoint. 
Switching the set of questions after students have responded to the first set can force 
students to look at both sides of an issue. The video can be looked at through a new 
set of lens to see if it can lend itself to debatable questions.

In preparation for the next day, students were assigned reading homework that 
entailed generating questions and answers based on the reading article. A sample 
question taken directly from the Ministry of Education document6 (referenced 
above) that one of the reading articles addresses includes: What public health con-
cerns are associated with the consumption of water bottled in plastic containers? 
The articles were posted on a class wiki, in numerical order. Each student in class 
was assigned a reading article number that matched the posted article by number 
(Abrahams, 2011; Fry, 2008; Hill, 2011; “Male bass,” 2009). On the second day, 
students conducted a three-step interview within their homogenous (i.e., same) 
reading group, followed by a jigsaw activity within a heterogeneous reading group 
(Patel, 2013b). Each reading group received an instructions sheet (see Fig. 4.4).

Students were then given a project to do that related to issues they were exposed 
to during these 2 days (see Fig. 4.5).

The only thing that I would add to this assignment that would make it more 
action-based would be to have students publicize their products, at least within the 
school community so as to expose other students to their views and get their reac-
tions by means of collecting and analyzing responses gathered from a survey or 
poll. For example, a comic strip could be added to the school newspaper and a link 
to a Google Forms™6 be provided where student responses can be polled. A song 
could be played over the school’s PA system, allowing the entire school body to 
hear and hence, react to it. Such displays of student work can be presented during 
Earth week, which my school holds. I feel that the greatest reaction can be gener-
ated during Earth week than during any other part of the school year. I have much 
to think about in the future in terms of finding ways to at least bring about some 
change within the school community. This would be the first step towards expand-
ing this to include a wider community.

6 https://support.google.com/docs/answer/87809?hl=en
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4.6  Summary and Conclusions

This chapter summarizes some ways in which students can be encouraged to express 
their preconceived ideas related to STSE issues and extend them into constructing 
new ideas through various constructivism-informed approaches embedded within 
the STEPWISE framework. In order to continuously revise one’s own schema, it 
must first be activated before actions can be taken that can impact the wellbeing of 
individuals, society and the environment. An individual’s schema can be activated 
and invariably be refined through engaging him/her in ‘expression’ activities. Many 
of the ‘expression’ activities highlighted in this chapter link back to case methods in 
one way or another. Students were exposed to different kinds of documents, such as 
images, videos, and articles. They had to then interact with such documents in a 
meaningful way such as partaking in small/large group online or class discussions 
and participating in a variety ofcooperative learning structured activities (e.g. place-
mat, jigsaw, three-step interview, and value line formation).

Fig. 4.4 Three-steps interview and JIGSAW Cooperative Learning Activity
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Throughout the chapter, I have given suggestions for future growth such as get-
ting students involved in conducting surveys or polls within the classroom environ-
ment with the intention of preparing them to conduct their own correlational studies. 
Effectively, I would like to focus my efforts on getting students to be actively 
involved in conducting research-informed and negotiated actions related to STSE 
issues about which they are passionate in pursuing, rather than simply expressing 
their ideas. In other words, I want students to take their ideas further by acting on 
them in a way that will improve the wellbeing of individuals, societies and environ-
ments, however small such improvements may be. How students go about influenc-
ing public opinion is not relevant, so long it is done ethically and with a purpose in 

Fig. 4.5 Description of Student Water Project Assignment
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mind. One such way might involve having them create a blog that allows the public 
to follow their ideas as followers. This would encourage followers to offer their own 
opinion(s) and suggest ways in which the students can exercise greater influence by 
providing contacts for students to pursue. This is but one kind of technological tool 
I can explore further as there are others in which I am interested. Effective uses of 
technology will require me to figure out ways in which different tools can be used 
together to meet a common goal. One possibility might include having students 
watch a video on an STSE issue, such as deforestation, while, at the same time, 
communicating with one another in a chat room like TodaysMeetTM. Students could 
pose questions related to a particular video, enter words of interest, and/or other 
associations they make with the content of the video in the chat room as they pertain 
to science and technology. From this online conversation, groups can be assigned to 
add one question or issue into a shared Google™ document set up using Google 
DriveTM. From this shared Google™ document, groups can sign up for an issue they 
would like to explore further. This can even lead to a whole host of global collabora-
tion projects as the possibilities are endless.
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Chapter 5
Both Sides Now: Exploring the Art 
of Persuasion to Enhance Actions Within 
a STEPWISE Framework

Angeliki Grundy

5.1  Introduction

I joined the teaching profession as a second career, having worked in research in 
both academic and industrial settings. A question I grappled with when embarking 
on this new adventure was, “What is my role as a teacher?” An unconditional answer 
to this question is that a teacher is there to promote learning. But then the question 
evolves into more complicated ones, such as: “What should be learned?” and “For 
what purpose?” In Ontario, the focus of the curricula for the various science disci-
plines is to create citizens who are scientifically literate; that is, possessing “the 
scientific knowledge, skills, and habits of mind required to thrive in the science- 
based world of the twenty-first century” (MoE, 2008, p. 3). While not everyone will 
move on to become a scientist, everyone will be surrounded by information on sci-
ence and technology from a variety of sources (for example, conventional media, 
politicians, a neighbour’s blog) and need to be able to critically evaluate this infor-
mation in their decision-making processes. Because science does not exist in a vac-
uum, concepts should be considered in terms of influences of technological 
advancements, environmental considerations and economic, social, and political 
perspectives. The Ontario curriculum (e.g., MoE, 2008) has adopted STSE (Science, 
Technology, Society and Environment) as a form of science education that allows 
students to engage in issues pertaining to the impact of science in everyday life. A 
key goal of STSE is to help students realize the significance of scientific develop-
ments in their daily lives and foster a voice of active citizenship (Pedretti & Forbes, 
2000). However, I have wrestled with the stumbling block of my STSE lessons, 
simply becoming another thing that the students felt they had to learn. I did not want 
to simply be the font of all knowledge and decision-maker of what was ‘right’ or 
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‘wrong’. I felt that my place as the promoter of learning was to give my students 
tools they needed to arrive at their own conclusions.

In my fourth year of teaching, I was invited to join a STEPWISE focus group of 
educators led by Larry Bencze. ‘STEPWISE’ is the acronym for Science & 
Technology Education Promoting Wellbeing for Individuals, Societies & 
Environments. It is a curricular and pedagogical framework that organizes teaching/
learning goals in ways that acknowledge reciprocal relationships among them, but 
prioritizes student-led actions to address problems students perceive about relation-
ships among fields of science and technology and societies and environments (To 
learn more about STEPWISE, refer to its website: www.stepwiser.ca). In that con-
text, I learned about the framework of STEPWISE as discussed in Chap. 2. I was 
intrigued with the notion of having students shift from being passive recipients of 
information, whether from a teacher or from their own research, to becoming active, 
engaged citizens of the world around them. I was also excited to find a new way to 
promote individual thought and to try to have students relate their scientific learning 
to their experiences.

5.2  Towards a Focus in STEPWISE Application

I was introduced to STEPWISE when I was teaching a Grade 12 ‘College’ Chemistry 
course. This is a course for students who are heading for a community college as 
opposed to university. As such, the emphasis is more on ‘applied’ chemistry and 
inquiry techniques, as opposed to more theoretical chemistry. There was a wide 
range of skills and understanding within the class of just under twenty, as some 
students came to the course from the ‘Academic stream’ (pre-university) in Grades 
9 and 10, while others arrived from the ‘Applied’ stream (college- or work-bound). 
There also were differences in their motivations for taking the course. I took an 
anonymous poll of my students and found that, while a few were there due to inter-
est, some were there because the course was required for their post-secondary area 
of study, and others were there only because they had few other options available in 
order to graduate high school. I was trying to find a way to provide those who 
needed knowledge and concepts of this course for their future endeavours while still 
trying to maintain interests of those who would rather be anywhere but in a chemis-
try class. I decided to try to incorporate some of the STEPWISE pedagogy in order 
to have these students develop a personal interest in their learning.

Since a major goal of the STEPWISE framework is to have students perform 
research-informed and negotiated action (RiNA) projects to address STSE issues, I 
thought about what sort of skills and information they would need to be successful. 
For RiNA, the students would obviously need to practise their research skills. 
Another important component for this action would be to understand opposing 
viewpoints on their issue—to provide a focus and increase the likelihood of success 
in convincing others to make a change. There is no improvement by preaching to 
those who are already of like opinion. While an individual can make an impact by 
altering her/his own habits, a greater one can be made by persuading others to 
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change theirs as well. Robert Cialdini (1993) notes in his book, Influence: The 
Psychology of Persuasion, that “[a] well-known principle of human behavior says 
that when we ask someone to do us a favor we will be more successful if we provide 
a reason. People simply like to have reasons for what they do” (p. 3). Thus, I felt that 
students would need to have skills in persuasion in order to be able to ask others to 
change their ways.

5.3  Setting the Stage for Persuasive Argumentation

Persuasion essentially “involves careful preparation, the proper framing of argu-
ments, the presentation of vivid supporting evidence, and the effort to find the cor-
rect emotional match with your audience” (Conger, 1998, p. 3). An important part 
of persuasion, therefore, is some ability to take perspectives of someone else, even 
if it is not your own. There have been studies that have shown that perspective- 
taking ability increases with age (Clark & Delia, 1976); so, I wanted the first activity 
I did with the class to give me an idea of how easily my students could see multiple 
perspectives on a variety of issues, as well as gauge their pre-existing knowledge 
and understanding. The first thing I did was introduce the idea that all the parts of 
STSE influence each other. I started with a simple diagram (from STEPWISE focus 
group meetings):

Science Technology Society Environment+ ¬® +

After defining the terms, we talked about examples of this influence, such as 
influences of technology on society through fashion (pads on gloves to be able to 
use a touchpad while keeping the fingers warm) and the reverse of fashion influenc-
ing technology (the size of earphones over time). I emphasized that, in the end, 
these are all driven by human beings making decisions. We discussed how a deci-
sion is made, in the abstract. The class gave suggestions, such as looking at informa-
tion and facts and getting advice from others. Delving deeper, we talked about rules, 
laws, the rights of the individual versus society and costs of the decision to be made. 
I offered up a scenario where the students were to think of an owner of a house who 
wants to do a renovation and asked, “Who should be involved in this decision?” 
Initial responses involved something like, “The owner of the house.” Then, I asked 
them to imagine that they were a neighbour whose view would now be obstructed, 
or whose garden will now be perpetually in the shade due to the renovation—does 
the decision not also affect them? After some discussion, it was agreed that perspec-
tives of the neighbours could be taken into account with the decision. This triggered 
additional discussion regarding effects on traffic and parking (imagine if the renova-
tion resulted in multiple apartments), local green spaces (imagine if front and back 
yards covered in cement), increased taxes to city due to addition, and so on. Now, I 
felt they were starting to think beyond themselves as a single individual and under-
stand that there were other stakeholders, or people who had even a remote vested 
interest and therefore holders of a viewpoint, in every situation.
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The class then performed an activity to help them exercise their thinking skills. I 
printed a number of cards with the names and pictures of various technologies or 
products (e.g., fast food, nuclear power, genetically-modified organisms, cell 
phones, diamonds—32 in total). Each student would choose one card from the pack 
that I had face down and fanned out. For their technology, they had to come up with 
two statements in favour of the technology along with two statements against, as 
well as two stakeholders who would be in favour and two who would be against [see 
Table 5.1 for a sample answer]. When they completed their first one, they could 
either trade cards with another student or come back to the fanned out cards, pick a 
new one and replace their old card.

They continued to do this until they had performed the task for four different 
technologies, writing down their answers. During this activity, I specifically asked 
them not to search out any of the topics on their personal electronic devices. I 
wanted to see what background information they already had or what sort of pre-
conceived notions they were bringing with them to class. While there were some 
topics about which the students found it easy to find positive and negative state-
ments (e.g., nuclear power), there were others that they found difficult. For example, 
one student picked up a card with cigarettes and felt frustrated because he could not 
think of anything positive to say. Further discussion brought out the fact that some 
students felt that they should not need to come up with positive statements about 
something that was ‘known’ to be negative. I asked him to think about the fact that 
people still smoked and cigarettes were still legal to sell—if there is nothing positive 
to be said about them, why would this be the case? I found it intriguing to see how 
students who took one side did not see the purpose to understanding another 
viewpoint.

An interesting side effect of this activity was seeing just how much of an effect 
the teacher’s opinion would influence the students. In order to help encourage their 
thinking processes, I engaged them in discussion as a ‘devil’s advocate’—taking 
whatever the opposing viewpoint that they had for their particular card. The students 
listened, even when I was talking to their classmates, because at one point as I was 
helping one student by taking the ‘negative’ side of their topic, one of the others 
exclaimed, “But Miss! You gave me good reasons for [this topic], why are you giv-
ing him bad ones?” When I explained that I was just helping her to think of the other 
side, the students started wanting to know what my stance was. I just smiled and 
said nothing. I did not want to influence them, to have them fall on one side or 

Table 5.1 Controversial positions about fast food

Issue/technology—fast food

Positive Negative
  Fast and easy to obtain   Not nutritious
  Cheap to buy   Waste from fast food containers
Stakeholders in favour Stakeholders against
  Corporations like McDonalds™   Medical professionals
  Busy families   People trying to lose weight
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another just because I was in a position of authority. I did, however, continue to ask 
them questions that helped them get their minds thinking (for example, branded 
clothing—does the company pay for advertising commercials, billboards, etcetera? 
Do they pay you to advertise for them? Do you pay more or less for something with 
a logo on it?).

I noticed that all the students had at least one of the topics that they had difficulty 
finding stakeholders that were in opposition to their stance, and more often than not, 
it would be because they did not have enough knowledge about the technology or 
issue. Cell phones, for example, were thought to be generally a good thing and a 
positive tool in their lives, but they were unaware of issues associated with them, 
such as environmental destruction causing loss of gorilla habitat (Lovgren 2006) or 
loss of privacy through monitoring of cell phone activity (Editorial Board 2013). I 
decided to continue the RiNA apprenticeship with the next step to incorporate 
research and create an informed action.

5.4  Encouraging and Enabling Youth to Engage 
in Persuasive Letter-Writing

I felt that this would be a good opportunity for me to design an activity which could 
both advance the STEPWISE goal of having the students consider an ‘action’ that 
could be taken to cause a change, and would allow me to assess what sort of research 
skills the students had developed through their respective paths through high school. 
There are a variety of approaches that have been used by those with varying levels 
of activism in order to try to initiate a change. I decided to have all the students use 
the same method in order to create a uniformity of product and simplify the process. 
My choice of action was that of the letter-writing campaign, specifically a letter that 
would be written by the student to someone (real or invented) that would be a stake-
holder holding the opposite viewpoint of the student. I wanted each student to have 
her/his own topic or issue for which s/he would formulate a stance and develop a 
persuasive argument; so, I returned to the issue cards used in the previous activity. 
The students had already worked with these cards and had used them to begin to 
develop their ability to identify multiple points, so I hoped that this would help 
involve them in the assignment.

While I did not give direction in terms of research skills, as the government 
teaching/learning expectation for a Grade 12 course would be that the students 
already had exposure to gathering information from a variety of sources and being 
able to references these sources, I did give them a brief introduction to the concept 
of letter writing. Although they have written formal essays, these were students 
from a technological generation where personal communication would involve use 
of emails and texts, as opposed to actual letters. Although an email could replace a 
physical piece of mail, there is still an expectation of formality if an email is to be 
written to someone else as a persuasive document. Within their letter, I required 
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them to make sure they had evidence supporting their positions and that they felt 
would be persuasive to their choice of audience. In order to help them think about 
the idea of persuasion, we discussed in class about how they would go about con-
vincing their friends to go out with them on Saturday. I would describe a friend and 
their personality and ask how you could persuade this person to go out. For exam-
ple, one invented friend was cheap and did not like spending a lot of money; the 
students offered up arguments in favour of going out by suggesting activities that 
would not be expensive. As the discussion progressed, the students started to hone 
their arguments better, trying to focus on those that would appeal the most to their 
targeted ‘friend.’ For their assignment, I provided them with an outline to help them 
focus their thoughts and to help keep them on task:

Issue: _____________________
Position: Pro or Con
Opposing Stakeholder: ______________________

I. Introductory statement _____________________________________________
_________________________________________________________________
A. Claim #1 _______________________________________________________
_________________________________________________________________
a. Evidence _______________________________________________________
_________________________________________________________________
B. Claim #2 _______________________________________________________
_________________________________________________________________
b. Evidence _______________________________________________________
_________________________________________________________________
C. Claim #3 _______________________________________________________
_________________________________________________________________
c. Evidence _______________________________________________________
_________________________________________________________________
II. Concluding statement _____________________________________________
_________________________________________________________________

I also went over the parts of a formal letter. I gave them the formatting example 
in Fig. 5.1, identifying the various parts, and within the body of the letter offered 
some advice in the writing:

The students were provided with two classes in the library to give them access to 
research materials for the guided action of this RiNA apprenticeship. Because of the 
diversity of academic behaviours exhibited in the class, I tried to provide an incen-
tive to have the assignment completed by the deadline. While many of my students 
were quite happy to take part in discussions, there were some who tended to disre-
gard certain aspects of academic expectations, such as completing assignments and 
studying for tests. At the time, marks were going to be submitted for the first term 
report card and there were a number of students with a less than stellar average for 
this reporting period. I informed the class that the assignment would be included 
among the marks to be reported, hoping that this would galvanize the more 
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 indifferent students into action. I was heartened to receive the majority of the letters 
within a day of the due date, and almost all within a few days.

I found that the results were variable for this particular class. All the students 
were able to identify or create a stakeholder who could reasonably hold a position 
opposite that of the student. I was pleased about this, as I felt this would make it 
easier for them to target actions for other projects in the future by being able to 
identify their audience. Because the purpose of this RiNA apprenticeship was to 
allow the students independence of their own opinion based on their research, I had 
no plan to make judgements on the position taken, and evaluation would be based 
solely on appropriateness of the recipient of the letter and the arguments put forth 
by the student in favour of their position. Most students were also able to create a 
research-informed opinion and to provide evidence that would help solidify their 
position. While there were a couple who took a less academic approach by having 
an opinion and then providing little to back it up, I was generally pleased with the 
students’ abilities to synthesize their researched information and be able to take a 
stand on their particular issue.

There also were a few students who were able to use what we had discussed in 
class about targeted persuasion to use arguments specific to their stakeholder. For 
example, one student had the issue of nuclear power. When he randomly selected 
his topic, he confided in me that he knew very little about the specifics of nuclear 
power generation and that he did not know how he felt about it. I told him that the 
first step of an educated person should be to not have an opinion about something 

Fig. 5.1 Persuasion letter form
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until they have learned a bit about the topic. During the time we spent in the library, 
he remained quite focussed on his research task. He addressed his letter to the 
Minister of Energy in Ontario because there had been a recent push for green energy 
sources that often focused on wind power generation; the student argued in favour 
of nuclear power. For his arguments, he focused on the current percentage of energy 
used by Ontario that is created through nuclear power generation and the equivalent 
number of wind turbines that would be necessary to fill the gap. He focussed on 
costs, on land use and efficiency of energy transformation; all arguments that would 
be of interest to a government official who would need to make a decision on this 
issue, and thus would be more persuasive to the recipient.

5.5  Summary and Way Forward

Overall, I was pleased with the results of the basic RiNA apprenticeship described 
here. My students showed a heightened interest in the activities involved, compared 
to the daily tasks of learning the curriculum for the course. I was able to observe 
some changes in the way they thought about the world around them, and their place 
in it, as they tried to relate to opinions and experiences that were outside themselves. 
Although initially it was difficult for them to think past their own personal bubble, 
by asking them questions and guiding discussion, I was able to help them consider 
an issue from multiple points of interest. Within the framework of STEPWISE, I 
was also able to separate myself from the students’ processes of arriving at their 
own opinions, acting as a guide to help them come to their own research-informed 
(and, often, negotiated) conclusion—as opposed to acting as the authority designat-
ing the stand to be taken. While secondary research was used here, as it was only a 
basic apprenticeship, I was able to give them feedback regarding choosing appropri-
ate sources, because appropriate design of primary research can only grow out of an 
understanding of what has already been discovered. I was also able to introduce the 
concept of persuasion to my students, and provided them with an example of a com-
mon action taken to try to change the way an individual or an organisation interacts 
with the world around them in the form of letter-writing. The thought process of 
considering another point of view and tailoring persuasive arguments to suit the 
stakeholder can be used in almost any form of informative action that can be taken, 
from something as simple as personally creating a Facebook™ group or Twitter™ 
feed, to conducting nation- and world-wide campaign for an established or newly- 
created not-for-profit organisation.

Vision without action is merely a dream. Action without vision just passes the time. Vision 
with action can change the world

—(Joel A. Barker, 1993)
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Chapter 6
Learning About Youth Engagement 
in Research-Informed and Negotiated Actions 
on Socio-scientific Issues

Mirjan Krstovic

6.1  Reforming Science Pedagogy Through Research- 
Informed and Negotiated Activism

I started teaching ten years ago in one of the most populated, ethnically diverse and 
‘tech savvy’ high schools in the Peel District School Board, the second largest 
school district in Canada. Like many beginner teachers, I learned to manage my 
classroom, establish daily routines, design mostly teacher-centred lessons, prepare 
‘recipe-style’ lab activities, gain expertise and confidence with classroom technol-
ogy, keep track of students’ learning and perform a variety of other curricular and 
co-curricular duties. Different professional development opportunities at the school, 
district and provincial level triggered deeper critical thinking about my role as a 
twenty-first century science teacher and fuelled my passion for on-going profes-
sional growth.

My interest in processes of teaching and learning, education research and praxis 
inspired me to pursue a Masters of Education at the Ontario Institute for Studies in 
Education (OISE), University of Toronto. Many graduate courses, particularly the 
history, philosophy and sociology of science (HPSS) course taught by Larry Bencze, 
the editor of this book, encouraged profound reflection and discourse on dominant 
science pedagogy. I questioned if my students gained realistic conceptions about the 
nature of science and technology (NoST). Was I doing enough to encourage aware-
ness of the complex interactions among science, technology, society and environ-
ment (STSE)? Were my students learning how to apply their scientific knowledge 
and skills in meaningful and purposeful ways?

I concluded that my early years of practice promoted mostly development of 
conceptual and theoretical knowledge, with one or two assignments that encouraged 
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students to make connections between science and other disciples. My past experi-
ences resonated with readings in my graduate courses (e.g., Abd-El-Khalick & 
Lederman, 2000; Bencze & Carter, 2011; Crawford, 2007; Hodson, 2003), which 
suggest that school science systems compromise learning of STSE issues, stagnates 
development of science inquiry and misrepresents the nature of science and technol-
ogy. I felt that many in-class activities, especially the labs, could be more authentic 
to allow for student-led, open-ended inquiries that are contextualized in real world 
applications. Actions to address STSE controversies never made it into my course 
plan until three years ago, when I began implementing research-informed and nego-
tiated action (RiNA) projects in my tenth grade ‘academic’ science class.

After I completed a final research paper on school science reform in the HPSS 
course, I asked Larry if he could facilitate an action research project in my tenth 
grade ‘academic’ science class on students’ progress of NoST knowledge. Larry 
agreed; however, he suggested that we should study students’ expertise and motiva-
tion for self-directing RiNA on STSE issues, and that students’ NoST views would 
relate to their actions. I was eager to begin our collaborative inquiry and learn about 
Larry’s STEPWISE instructional framework.

STEPWISE offers an approach for STSE education that enables students to self- 
direct primary (e.g., correlational studies and experiments) and secondary (e.g., 
Internet searches) research as bases for developing and implementing plans of 
action to address a variety of socio-scientific issues. To help students to develop 
relevant expertise and motivation, we provide students (as reviewed in Chap. 2) with 
two successive ‘apprenticeships.’ This begins with ‘basic’ apprenticeship activities 
that first includes a teacher-guided project (e.g., I model student-led action proj-
ects), and moves towards a more ‘advanced’ apprenticeship that includes a second 
teacher-guided RiNA project (e.g., I guide students through secondary and primary 
research). After such guidance, students often are then ready to self-direct RiNA 
projects, in which they have opportunities to apply their learning. Derek Hodson 
(2014) supports the ‘apprenticeship’ model, stating that “students can gain experi-
ence of action, and thereby learn through action and learn from action, via the famil-
iar 3-phase apprenticeship approach: modelling, guided practice and application” 
(p. 87).

I have had the privilege of observing various outcomes of an issues-based and 
action-oriented science education on students’ academic and personal growth. This 
chapter offers some insights into the following three questions, which have guided 
my practice in ways that would allow my students to propose and implement 
research-informed and negotiated actions to address critical STSE issues in their 
school and community:

• What would our classroom look like, and feel like, if we let our students voice 
their opinions and positions on critical STSE issues?

• How do we set conditions in which students would be learning science and doing 
science in the context of real issues and gain a greater sense of purpose through 
education, other than merely earning grades?
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• How do we equip our students with the capacity and commitment to take respon-
sible and effective actions on matters of social and environmental and moral- 
ethical concern?

6.2  Building a More Balanced Science Curriculum

Science scholars and educational jurisdictions have been promoting STSE activities 
for over forty years (Pedretti & Nazir, 2011). With the latest elementary and second-
ary science curriculum revisions in Ontario, STSE education is given increased pri-
ority (MoE, 2008). With more attention to STSE education, students would develop 
a broader understanding of science; they would develop better critical thinking and 
decision making skills; and, they would be better prepared for active and responsi-
ble citizenship, now and in the future. Therefore, instructional frameworks that 
encourage exploration of socio-scientific issues are worthy of attention  – given 
many serious social and ecological problems that humanity faces. This form of criti-
cal pedagogy is a more radical approach that politicizes science education, chal-
lenges dominant relations of power and positions students as agents of positive 
change in their schools and the wider community.

Experiences that encourage civic-mindedness, like socio-political activism in 
school science, are authentic learning phenomena that go beyond ‘academic learn-
ing’ (sometimes called ‘book smarts’), which some students associate with bore-
dom. I am not undermining the importance of ‘academic learning’ of scientific 
knowledge that underlies many important socio-scientific issues. Instead, I am sug-
gesting that a more ‘balanced’ approach to science education should triumph over 
the traditional ‘concepts-mostly’ education. Learning science (and technology) 
concepts should be balanced with doing science and technology, learning about sci-
ence and technology, and engaging in socio-political action. Derek Hodson (2003) 
used these four broad learning domains to define science literacy, which is the over-
all aim of the secondary science programme in many jurisdictions.

Over the last 3 years, I learned that students can – and want – to make a differ-
ence in our world, and that a balanced approach is more equitable (Krstovic, 2014). 
Related to equity, we learned that RiNA promotes ‘street smarts,’ the idea that prac-
tical intelligence and experiential education stand in contrast to traditional ‘book 
smarts’ (Chap. 13: Phillips, Krstovic & Bencze, this volume). This finding has 
implications to social justice, in that RiNA leads to increased participation of stu-
dents who normally do not do well in traditional ‘book smart’ environments that 
seem to dominate many science classrooms. Having said this, many students are 
conditioned by traditional ‘book smarts’ environments that rely heavily on direct 
instruction, or what some call ‘teach-test-teach’ approaches. In this chapter, I dis-
cuss why some students experience difficulties with RiNA, and what factors con-
tribute to student success.
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6.3  Significant Theories and Philosophies That Have 
Inspired My Journey Through RiNA

While I was a graduate student in education, I learned about work of many transfor-
mative educators (e.g., Dewey, 1938; Foucault, 1991; Freire, 1970; Latour, 2005; 
etc.) whose theories have affected my practice and continue to shape my philosophy 
of education. Paulo Freire’s (1970) Pedagogy of the Oppressed reaffirmed my belief 
that students should be co-creators of knowledge and not empty vessels waiting to 
be filled. According to Freire, if teachers wish to develop students’ critical literacy 
skills, then they need to encourage students to question issues of power. I am drawn 
to Freire’s ideas that students sometimes become teachers, that teachers and stu-
dents construct knowledge together, and that together they interrogate significant 
life issues. I am the ‘lead learner’ in my classroom, and it is important for me that 
my students see me as a learner.

John Dewey’s (1938) Experience and Education has made me think more criti-
cally about the learning experiences that I create for my students, or that students 
co-create with me, both inside and outside the classroom. Dewey (1938) asked sev-
eral important questions about the ‘character’ of students’ experiences in schools:

How many [students] came to associate the learning process with ennui and boredom? How 
many found what they did learn so foreign to the situations of life outside the school as to 
give them no power of control over the latter? How many came to associate books with dull 
drudgery, so that they were ‘conditions’ to all but flashy reading matter? (p. 27).

Dewey’s questions relate well to the present reality of twenty-first century school 
science. Teacher-centred, didactic and textbook driven methods may no longer meet 
the needs and reflect the experiences of our students. If we want to engage our stu-
dents in learning processes, then the role of the teacher needs to change in response 
to the rapid changes in our society. Alsop and Bencze (2009) remind us that:

[o]ur practices cannot afford to repeat the same experiments over and over again, mixing 
those same chemicals, when everything else has changed around us; we should not let our 
sphere of influence slip to a semi-historical re-enactment of our own educational experi-
ence – reducing our remit to efficiently covering dislocated facts and leaving all matters of 
concern to the politicians, the popular media and other moralizers (p. ii).

Science teachers should set conditions that allow growth in an ‘experiential con-
tinuum,’ which represents “the kind of present experiences that live fruitfully and 
creatively in subsequent experiences” (Dewey, 1938, p. 28). The stepwise nature of 
RiNA apprenticeships gradually builds experiences that allow students to develop 
knowledge, skills and attitudes required to understand and address STSE issues of 
their interest. This process is both continuous (i.e., extends throughout the course) 
and progressive (i.e., students’ expertise and confidence grow with experience).

It is apparent that we live in a largely neoliberal capitalist society. Larry Bencze 
and Lyn Carter (2011) use Michel Foucault’s (1991) notion of neoliberal govern-
mentality to explain how people may believe that they are self-governed in this 
system, while
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[t]heir ‘choices’ may lack real agency and be fully congruent with aims of neoliberalism 
due to repeated exposure to messages from business-controlled news, sports, and entertain-
ment media promoting such virtues as individual responsibility, competition, excellence, 
efficiency, standardization, privatization, and commodification” (p. 650).

School science (and technology) may be significantly influenced by the ‘neolib-
eral pedagogy’ that seems to promote practices that encourage individual compe-
tiveness (among other traits) and that advantage students who already possess 
considerable cultural capital (Bourdieu, 1986). Under this system, relatively few 
students with sufficient cultural and social capital reap benefits of such neoliberal 
education. By encouraging students to examine powerful networks, they learn to 
interrogate societal issues and challenge dominant power relations associated with 
various products and services of science and technology.

Related to students’ understanding of dominant power relations, Larry Bencze 
introduced me to Actor Network Theory (ANT) (Latour, 2005). Students use ANT 
to explore living, non-living and semiotic ‘actants’ (or ‘components,’ as I refer to 
them in class) involved in everyday commodities. Students’ understanding of vari-
ous relationships among actants, through development of actor-network maps, 
allows students to consider new actants as they plan and implement their actions to 
address controversial issues (e.g., producing an activist video to address impossible 
standards of beauty set by popular media). Their actions become new ‘actants’ (or 
groups of actants) within the network that can challenge dominant semiotic mes-
sages by governing powers (e.g., students develop an activist video that challenges 
the idea that wearing brand name cosmetic products will make young women as 
beautiful as the models in popular magazines).

Increasing civic participation is good for a democratic society. Our young citi-
zens should be involved in  local, national and international decision-making. 
Hodson (2014) reminds us that:

[b]y engaging in public issues at the local level, students see democratic process in action 
and learn how to engage in and negotiate them. By working alongside others, they learn 
about the demands and difficulties of taking action and learn to develop effective coping 
strategies. Research suggests that participation in these kind of activities in childhood and 
adolescence is associated with levels of civic participation, community service and political 
activism in adulthood up to four times higher than the norm (p. 86).

Students should not wait until they become adults to learn about civic engagement 
on issues that affect personal, social and ecological wellbeing. Where else, if not in 
our schools, can we train the most number of students to develop civic-mindedness? 
Research-informed and negotiated action projects represent one avenue for teachers 
and students to learn about the most pressing socio-scientific issues and ways in 
which we can collectively address them. Understanding of power, especially with 
the help of actor-network theory, will help increase students’ capacity to take 
responsible and effective actions now, and in the future. The remainder of this chap-
ter provides more specific examples of practices broadly described above.
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6.4  ‘Basic’ Apprenticeship Activities to Introduce Students 
to STSE Issues and RiNA Projects

6.4.1  The Card Exchange Game

Based on constructivist learning theories, students can benefit from exploring their 
pre-instructional ideas, attitudes and beliefs about STSE issues before learning 
about views of various stakeholders and developing (and hopefully implementing) 
actions to address problems that relate to the wellbeing of individuals, societies and 
environments (WISE). Previously, we have suggested a ‘card exchange game’ to 
help students explore a potpourri of STSE issues (Krstovic & Bencze, 2012). In this 
‘game, students evaluate various STSE issues by expressing their positions and 
sharing them with their peers. Teachers write one STSE issue per cue card (e.g., 
Governments should encourage development of nuclear energy). They distribute 
four, or more, different cue cards randomly to each student. The students play the 
‘exchange game,’ trading statements with which they least agree with those about 
which they most agree. Students gain appreciation for various perspectives as they 
discuss current STSE issues with each other. Under teacher guidance, they start to 
think about possible actions or solutions in response to real world problems. We 
suggest this activity as a first step towards research-informed activism.

6.4.2  Exploring Controversial Statements: The Four Corners 
Tactic

The Four Corners tactic is one of my favourite techniques to get student to react to 
various controversies, prior to guiding them into the first research-informed action 
project. I label each corner of the room with ‘strongly agree,’ ‘somewhat agree,’ 
‘strongly disagree,’ and ‘somewhat disagree.’ I project a controversial statement on 
the white screen. Students first think about the statement individually, then I instruct 
them to move to the corner that represents their opinion. For example, I share the 
following statement with my tenth grade ‘academic’ students: “Be it resolved that 
governments should allow competing companies to decide how much greenhouse 
gases to emit each year.”

When the students get to their corners, they pair up, or form a group of three. The 
students have a few minutes to discuss their opinions with likeminded peers. A 
whole class discussion begins with a volunteer from each corner sharing his/her 
opinion. The teacher ensures that students’ voices are heard by reinforcing active 
listening and paraphrasing. Judgement and debate are suspended in lieu of hearing 
different positions. Teacher can facilitate discussion around possible actions that 
citizens can take to minimize any negative consequences on individual, social and 
ecological wellness.
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This activity can be repeated with another controversial statement. The activity 
takes about 15–30 min, depending on the level of student engagement with the 
statement. After I finish with this activity, I hand out a list of possible issues for the 
first RiNA project. Students form groups of three to four. They select an issue that 
interests them as they are more likely to develop deeper attachment and commit-
ment to the project. What follows next is another stage of expressing pre-conceived 
ideas, but this time students brainstorm what they know in their groups using a place 
mat, mind map or another tactic. (Placemat tactic involves groups of students work-
ing both alone and together around a single piece of paper to simultaneously involve 
all members. Students may write or draw their ideas on a larger piece of paper that 
is divided into three or four sections, depending on the size of the group.)

6.4.3  Brainstorming Ideas About STSE Issues in Small 
Groups

Each science unit is accompanied by STSE issues suggested in the official second-
ary science curriculum document. Teachers can add more issues, if they wish. For 
example, this is a list of water-related issues that I gave to my eleventh grade ‘uni-
versity level’ Chemistry students for their RiNA project in the Solutions and 
Solubility unit:

• Social, economic and environmental implications of using plastic water bottles
• Specific toxins present in water (e.g., industrial, pharmaceutical)
• Sanitation issues in developing nations/or in developed nations
• Privatization of water resources
• Oil spills and oil dispersants
• Water conservation technologies (e.g., roof tanks, etc.)
• Other…students suggest an issue related to global water supplies

Students begin by exploring what they already know. A placemat or a mind map can 
be used to demonstrate their collective knowledge and understanding prior to begin-
ning any secondary research to learn more about the issue (see Fig. 6.1 for a student- 
generated mind map of oil spills and oil dispersants).

Teachers should offer some guidance to students as they start to express their 
ideas. For example, teachers may ask students to express positive and negative con-
sequences on individuals, societies and environments associated with their issues. 
At this stage, teachers should encourage students to think about the positions of 
various stakeholders (e.g., governments, corporations, parents, youth groups, social 
and environmental activists, etc) and possible power relations.
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6.4.4  Guiding Students into ‘Secondary’ Research

Research is challenging in the age of digital information overload, especially con-
sidering numerous networks associated with socio-scientific issues and myriad 
effects on individuals, societies and environments. Research is a skill that students 
acquire over time. Teachers could work with the teacher librarian to develop a les-
son on conducting proper secondary research before the students access the Internet 
or other sources. One of the most important aspects of secondary research is confi-
dence in the validity of information. Students need to be able to discern reliability 
of sources, like personal wikis, blogs, popular magazine articles, etc. Related to this, 
students need to learn to reference information properly in their final RiNA report 
using an appropriate format, such as the APA style. A list of questions helps guide 
the students through the secondary research for the first RiNA project, and for other 
activist projects in the course. I recommend the 5Ws+How sample questions in 
Table 6.1.

Students may be given two to three 75-min periods to work on their secondary 
research with their group. Students should divide work evenly to ensure fairness. 
Teachers should monitor students’ research progress by setting deadlines and sched-
uling student conferences to discuss achievement. Evidence of progress and achieve-
ment should be collected throughout the project, and these data should be considered 
in teachers’ professional judgement for the final evaluation. Students are also 
expected to put in additional time for the secondary research outside of the 
classroom.

Fig. 6.1 Students’ mind map of their preconceived ideas about the impact of water sanitation 
issues on the well-being of individuals, societies and environments
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6.5  Challenges of Contextualizing Learning of Science 
Concepts

Since most RiNA projects are unit-specific, although they do not need to be, it fol-
lows that specific science concepts can be contextualized in various socio-scientific 
issues. For example, when students learn about functions of major organs and organ 
systems, teachers can help relate functions of the organs to specific issues. For 
example, consumption of high sugar foods can impact one’s pancreatic function and 
lead to various health concerns, such as diabetes and obesity. Sometimes, the con-
cepts that teachers are required to teach may not directly relate to the issue(s) that 
the students are studying. For example, the major focus on the tenth grade ‘aca-
demic’ curriculum in the Chemistry unit is on chemical reactions. However, the 
RiNA project that I facilitate is based on personal hygiene and beauty products. 
There is no immediate connection between the types of chemical reaction, balanc-
ing, and the law of conservation of mass, for example, and effects of everyday com-
modities on wellbeing of individuals, societies and environments. However, each 
commodity (e.g., shampoo, soap, deodorant, etc.) involves a series of complex 
chemical reactions that sometimes use controversial chemicals with possible unde-
sirable effect on WISE. In this case, the big idea that teachers need to convey is that 
chemical reactions may have negative impacts on individuals, societies and environ-
ments. Students’ actions should be targeted towards potentially negative effects of 
such commodities. These effects do not necessarily need to be related to the chemi-
cals inside the products. The negative effects on WISE can be related to incredulous 
claims by advertisers, unethical testing of a product on animals, unfair wages paid 
to workers (often in poor countries), improper disposal of waste, and many other 
social and ecological justice issues.

In addition to acquiring knowledge and understanding of science concepts rele-
vant to the issue, students need to learn about complex interactions among science 
and technology with society and environment. For example, throughout the RiNA 

Table 6.1 List of 5W+how guiding questions for secondary research

Question Sample guiding questions

What What is the issue? State the controversy clearly. Remember an issue has two 
sides – pros and cons – and it can be debated. What are the key science concepts 
that you need to know to understand the issue?

Who Who are the key stakeholders and powerful decision makers? Who benefits and who 
might be harmed?

When When has the issue become a concern for the well-being of individuals, societies 
and environments? Review the historical timeline, and perhaps, significant historical 
events that may coincide with the controversy

Where Is the STSE issue of a local, national or a global concern? Is it specific to a region 
(e.g., the school, municipality, etc.)?

Why Why should citizen learn about this issue?
How How do we address some of the negative consequences associated with the issue? 

Think of possible actions that you might take to address the issue
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learning cycle, students should consider individual health concerns, economic 
impacts, various ethical and moral considerations, political decision-making, corpo-
rate motives, power relations, media’s influences, and various ecological concerns 
related to the issue of their interest.

6.6  ‘Advanced’ Apprenticeship Activities to Facilitate 
Application of Actor Network Theory to RiNA

A year and half into my work with RiNA, I started to infuse actor-network theory to 
help students develop ‘a big picture’ view of the issues by considering various liv-
ing, nonliving and semiotic actants related to their STSE issues (Pierce, 2013). 
Although I am still learning how to best introduce students to this complex theory 
without overwhelming or confusing them, a few strategies have worked relatively 
well. The secondary research that students compile should help them identify vari-
ous actants, although teachers need to explicitly model this. The objective is to 
construct an actor-network map to show the co-dependence of many actants (watch 
videos in Fig. 6.2 for examples of students’ actor-network maps). Infusion of actor- 
network theory would be considered a more ‘advanced’ apprenticeship activity, as 
it pushes higher order thinking skills such as critical analysis of networks and evalu-
ation of actants’ alignment to support dominant semiotic messages. Teachers should 
not name the theory. They should keep the language simple and easy for students to 
understand. We discuss the findings of our research into ANT in Chapter 9. Here, I 
outline some practical strategies that I use to help infuse ANT into RiNA.

Fig. 6.2 QR codes to two videos in which: (i) I discuss the actor-network map about ‘smart 
phones,’ and (ii) students discuss their network maps illustrating relationships among various enti-
ties connected to different consumer products
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6.6.1  Trojan Horse Metaphor for Teaching Students 
About ‘Hidden’ Actants

The Trojan horse metaphor is a powerful analogy that can be used to help students 
understand that there is more to everyday commodities (e.g., cell phones, comput-
ers, cosmetics, pesticides, water bottles, toys, etc.) than what our eyes see. Colourful 
packaging, enticing ads, ‘sexy’ designs, feel-good messages, and other external fea-
tures and semiotic messages can occlude potentially negative effects associated 
with certain products and services of science and technology.

In my tenth grade ‘academic’ science class, the students analyze and evaluate 
some of the potentially negative impacts of personal hygiene and beauty products 
on wellbeing of individuals, societies and environments. As part of the ‘basic’ 
apprenticeship prior to conducting secondary and primary research, I bring to the 
class several hygiene products and ask the students how these products might be 
like a Trojan horse. Students brainstorm some positive and negative effects of vari-
ous products (e.g., shampoo, deodorant, lip balm, etc.) and a whole class discussion 
follows about some ‘hidden’ components. I extend students’ thinking beyond just 
the chemicals inside the product and their effects on health, which is what students 
first consider. I ask questions like: ‘Where do these raw materials come from?,’ 
‘Who extracts the raw materials?,’ ‘Where are they extracted?,’ ‘What is the pack-
aging made of?,’ ‘How is the product marketed?,’ ‘What features of this product 
make it attractive for the buyers?,’ ‘How is the product disposed?,’ etc. The students 
start to consider the ‘big picture’ and various living, non-living and semiotic com-
ponents. These questions serve to guide students’ thinking and they set the stage for 
The Story of Stuff video by Annie Leonard.

The Story of Stuff video takes students through the life cycle of a product from 
extraction of raw materials to production, distribution, consumption and disposal. 
The video is useful to show when the STSE issues relate to everyday commodities. 
As students watch the video, they record significant points about each stage. The 
teacher discusses key ideas with the class after the video. The discussion should be 
framed in the context of actor-network theory by asking questions such as: ‘What 
are some living components in each stage (e.g., miners, factory workers, truck driv-
ers, animals, plants, etc.)?,’ ‘What are some non-living components (e.g., raw mate-
rials, technologies, etc.)?,’ and ‘What might be some semiotic messages associated 
with each stage (e.g., miners’ work feels dangerous, the product makes you feel 
‘trendy,’ ‘sexy,’ etc.)?’ Teachers should help students develop some understanding 
of negative impacts on ‘WISE’ resulting from each stage in the life cycle of a 
product.

Together with the Trojan horse metaphor and The Story of Stuff video, students 
gain an appreciation of some ‘hidden’ components/actants associated with everyday 
commodities and controversial STSE issues. This prepares them well for using their 
secondary research to construct a study for their ‘primary’ research and to inform 
their action plans.
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6.6.2  Modelling Construction of a Network Map for a Cell 
Phone

Teachers should model creation of an actor-network map. After the students watch 
The Story of Stuff video, I pick an everyday product, such as a cell phone. I start 
constructing a network map showing different actants associated with this product 
(Scan the QR codes in Fig. 6.2 to view the videos of an actor-network map and 
students working on their network maps for various consumer products). I engage 
the students in creation of the network map by asking them to name the components 
of the cell phone that they see. Our discussion moves to components that we do not 
see, but that are part of the cell phone (e.g., Coltan miners, phone engineers, corpo-
rations that employ the engineers, advertisers and marketers, drivers who distribute 
the product, technology used to assemble the phone, consumers who buy the prod-
uct, cost of the product, etc.). The students see how I connect various components 
and how each component (or actant) is co-dependent on other actant(s). For exam-
ple, miners cannot mine without technology, and technology allows extraction of 
raw materials without which a phone (or another product) cannot exist. Additionally, 
I highlight components that may align to support the dominant semiotic messages. 
For example, I circle human organizations that encourage positive feelings associ-
ated with cell phones. I circle with a different colour living and non-living compo-
nents that ‘suffer’ for us to have cell phones (e.g., miners, exploitation of Earth’s 
natural resources, threatened species, etc.). The final network map serves as an 
exemplar for students to construct their own network maps.

6.7  Apprenticeship Activities for ‘Primary’ Research

6.7.1  ‘Basic’ Apprenticeship Activities: Helping Students 
Understand Correlational Studies

An aspect of science inquiry that often does not receive enough attention in high 
school science is use of correlational studies  – as opposed to experiments  – for 
attempting to understand phenomena in nature. Correlational studies are inquiries in 
which investigators try to find relationships between variables that change natu-
rally. Experiments, on the other hand, require that the investigator forces an inde-
pendent variable to change and then measures changes in the resulting dependent 
variable. There is an apparent bias in science education towards experimentation 
and away from correlational studies (Bencze, 1996). Curriculum guidelines, as well 
as science textbooks, emphasize the experimental nature of science through the ‘sci-
entific method’ (Gott & Duggan, 1995). However, experiments are not always ideal 
when students are asked to explore STSE issues. With correlational studies, unlike 
experiments, the choice to induce potentially negative outcomes (e.g., cancer) 
would not be in the hands of the investigator but, rather, be left to others (e.g., 
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smokers). We learned that students’ results and conclusions from correlational 
 studies can be used to inform activism to address STSE issues (Krstovic & Bencze, 
2012). But students need a proper introduction and guidance to these types of 
 science inquiries as they embark on the first RiNA project.

Teachers need to introduce students to correlational studies through various 
apprenticeship activities before the students conduct their own studies. Teachers 
should start by sharing examples of correlational studies while contrasting them 
with experiments. For example, when studying effects of smoking on lung cancer, 
it would not be ethical to force any group of people to smoke and determine if they 
develop lung cancer in comparison to non-smokers. Teachers would explain to stu-
dents why a correlational study is more appropriate in this case. As an extension to 
this example, teachers can give students a list of ‘cause’ (independent) and ‘result’ 
(dependent) variables (see Table 6.2) and ask the students to match one cause vari-
able to one result variable. Students should come up with five examples of correla-
tional studies and two examples of experiments. For example, students can match 
T.V.-watching with teenagers’ learning as an example of a correlational study, and 
temperature with yeast fermentation as an example of an experiment. Teachers 
should probe for deep understanding by asking students to justify why a correla-
tional study or an experiment is most appropriate for each matched pair of variables. 
In both correlational studies and experiments, it is important to discuss control 
variables.

As a follow-up exercise, teachers can ask students to decide if they would con-
duct a correlational study or an experiment in several inquiry cases, such as these:

• Different types of light on the growth of a plant
• Time spent in front of the computer and quality of sleep
• The effect of pH on the amount of corrosion
• One’s gender and their reaction rate

Students can justify their method of choice in small groups, and the teacher can take 
up each case with the whole class before guiding the students into a mini correla-
tional study as a form apprenticeship activity prior to conducting a study for the first 
RiNA project. In terms of timing, one class period is sufficient for the above 

Table 6.2 Exercise for 
developing students’ 
understanding of studies vs. 
experiments

Cause 
variables Result variables

Vegetarianism Teenagers’ hearing
Rock music Teenagers’ learning
Exercise Plant height
Hormones Yeast fermentation
Drugs Aggressive behaviour
T.V. watching Physical fitness
Temperature Muscle strength
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exercises, followed by another 75 min period to guide the students through a mini 
in-class correlational study.

6.7.2  Guiding Students Through a Mini Correlational Study

A purpose of guiding students through a mini correlational study is to engage stu-
dents in small-scale data collection and analyses. For example, students can deter-
mine if there is a correlation between gender (independent variable) and one of the 
following dependent variables: preference between meat or veggie diet, reaction 
time, memory, tongue rolling ability, resting heart rate, extracurricular involvement 
in school, favourite school subject, etc. Gender is an easy choice of independent 
variable for a class with about equal boys to girls ratio; however, it is not a continu-
ous variable, and therefore, students are limited to producing bar graphs only. Also, 
if the class is too small, teachers could give students ready-made data to analyze and 
evaluate. An important part of the discussion with students should focus on ‘bias,’ 
‘validity,’ and ‘reliability’ of the results. Students need to understand that their mini 
study is biased, and that in order to increase the validity and reliability of their 
results, students would need a larger sample size and, if possible, repeat their study 
several times.

6.7.3  Preparing a Correlational Study for the First RiNA 
Project

With the abovementioned apprenticeship activities, students should be prepared to 
design a small correlational study for their first RiNA project. Students will require 
the teacher’s guidance and facilitation to select questions for the survey and to ana-
lyze the data. As mentioned earlier, gender, age, and grade level are easy indepen-
dent variables to select. Age and grade level are continuous variables and will allow 
for a line graph instead of a bar graph. But teachers should encourage students to 
explore a range of variables suitable to their STSE issue.

Selecting ‘good’ questions to put on surveys is one of the first challenges stu-
dents face. Teachers should show a sample of study questions, like the one below 
(See Fig. 6.3). Students should conduct some secondary research prior to designing 
their studies as this helps with the selection of questions for the survey.

Students should have about four or five questions to allow enough time to ana-
lyze the results. Teachers should encourage students to divide the work evenly in 
their group. Students collect data in their classes or during lunch time. Usually, two 
days are sufficient for students to collect all the data. There may be one or two 
groups that might need extra time. Teachers should use their discretion when decid-
ing how much time to give students for data collection and analysis. I ask students 
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to collect and tally the data on their own time, and I give them one class period to 
graph the results. I check their progress on agreed-upon dates and I conference with 
students regularly, especially with groups that might be experiencing challenges.

6.7.4  Modeling Different Forms of Activism

Modeling different ways in which citizens can engage in activism is of paramount 
importance. Students can be motivated and inspired when they hear about activist 
work by teenagers and others in their community. Table 6.3 lists some examples that 
I share with my students.

Activism is not only about organizing rallies, protests and chaining oneself to a 
metal post. It is a type of public action that takes many different forms, such as

• collecting petitions to ban the sale of energy drinks to Minors
• writing letters to the editors of local or national newspapers and magazines
• developing and posting educational YouTubeTM videos
• lobbying the school administration and teachers to save energy
• organizing games in school to encourage more recycling
• promoting a ‘Walk/Bike to School Day’
• planning and implementing new technology designs that consider social and 

ecological justice issues, etc.

Grade 10 Climate Change Correlational Study

1. Are you male or female?   �MALE    �FEMALE

2. What mode of transportation do you use most often to get to school?
a) Bus b) Car c) Bike d) Walk

3. What kind of food do you prefer to eat most often?
a) meat b) vegetables c) meat and vegetables

4.  How often do you eat out at fast food restaurants?
a) once a month b) once a week c) twice a week 
d) more than two times per week

5. What source of water do you drink most often?
a) tap water (filtered or not filtered) b) bottled water

6. How long do you shower for on average?
a) 0 to 5 minutes b) 5 to 10 minutes c) 10 to 15 minutes 
d) 15 minutes or more

Fig. 6.3 Sample survey for a tenth grade climate change correlational study
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Table 6.3 Examples of actions that I show to my students to model different forms of activism

Title Web address/QR code Description

Teens Against the 
Privatization of Water

http://tapthatwater.tumblr.com Teens raise awareness 
of the impacts of 
bottled water and water 
privatization

TEDxTeen – Natalie 
Warne – Anonymous 
Extraordinaries

http://www.youtube.com/ 
watch?v=FszSc7Fb8ss

As a volunteer for 
Invisible Children, 
Natalie Warne talks 
about her journey to 
expose Africa’s longest 
running war involving 
child soldiers

TEDxSIT – Sam 
Stevens – Moving 
Youth Towards 
Action and Activism

http://www.youtube.com/ 
watch?v=ALqzWs9gjGI

Sam Stevens has 
participated in various 
youth activism project 
both locally and 
globally. This video 
will motivate youth to 
use their education for 
make this world a better 
place for all

Piano stairs – 
TheFunTheory.com

http://www.youtube.com/ 
watch?v=2lXh2n0aPyw

How do we get more 
people to take the stairs 
over the escalator? The 
Fun Theory suggests 
that ‘the easiest way to 
change people’s 
behaviour for the better 
is by making it fun to 
do.’

The Life Cycle of 
Foundation

http://www.youtube.com/
watch?v=WhN6PS1GT9c

This student developed 
YouTubeTM video 
exposes and educates 
the viewers about some 
hidden actants in 
cosmetic products

Proposing and implementing actions is probably the most exciting and memo-
rable part of RiNA projects. Students are also motivated by what they hear and learn 
from their peers. Two years ago, one of my Grade 10 students commented in an 
interview that:

[T]hese projects are more fun because you get to do more, when something is more fun you 
will remember it…Social awareness, I think that’s what makes people remember it [the 
STSE issue] the most, hearing it from a friend you’re more likely to listen than hearing it 
from your parents or reading it in a book (Student interview, April 2013).
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I am pleased to hear that students associate the learning process with fun and not 
boredom, and that they learn from each other as they become young activists.

6.8  Celebrating Successful RiNA Projects 
and the Publication of Youth Issue of JASTE

Over the last 3 years, I have seen a number of successful RiNA projects that have 
benefitted students, societies and environments. A collection of ten successful proj-
ects was published in the first youth issue of the Journal for Activist Scienceand 
Technology Education (JASTE). The on-line journal is available at bit.ly/1t3B4XI 
or simply scan the QR code below (Fig. 6.4). This publication is a celebration of 
students’ commitment, responsibility and solidarity to make the world a better 
place. JASTE is also an important actant that may bring about fundamental changes 
in science and technology education. Hopefully, more teachers will re-position sci-
ence education as a vehicle for social and environmental transformations.

Although I have seen many great projects, two are worthy of mentioning here: 
‘No Car Day,’ and ‘Concerns over X-rays.’ Both of these projects resulted in a posi-
tive contribution to the community and increased student confidence.

6.8.1  ‘No Car Day:’ Reducing Our Carbon Footprint

A group of three students learned that transportation contributes the most carbon 
dioxide to our atmosphere. They learned about the impacts of climate change on 
wellbeing of individuals, societies and environments. The students identified pow-
erful actors, such as oil companies and governments, which support uses of fossil 
fuels. They also learned about groups that oppose the use of fossil fuels and 
researched alternative energy sources.

After conducting some secondary research, the students conducted a study to 
determine if there is a correlation between gender and modes of transpiration. They 
found that 57% of students come to school by a car with no significant difference 
between genders. They also counted number of cars that dropped off students in the 
morning prior and post their proposed action.

Fig. 6.4 QR code to the 
first youth issue of the 
Journal for Activist 
Scienceand Technology 
Education
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In response to their research, the students created posters to promote a ‘No Car 
Day’ at the school. They stood in the parking lot in the morning and after school 
with the signs to encourage parents and students to use public transportation, car-
pool, bike or walk to school. They counted 156 cars before their action, and 115 on 
the ‘No Car Day’ event. The students felt that they made a small difference in help-
ing to reduce the carbon footprint of the school.

6.8.2  Concerns over X-rays

A group of four girls in grade 10 ‘academic’ science learned about X-rays as one 
type of medical imaging technology. They researched advantages and disadvan-
tages of this technology, focusing on how often doctors prescribe them and amounts 
of radiation released for certain areas of the body. One student wrote the following 
in her final research report: “[W]e discovered while researching that teenagers tend 
to receive the highest amount of X-rays in a year, which is why we have decided that 
teenagers should be our target audience” (Student Report, 2014). The same student 
reflected on her personal experience:

I had six X-rays in total for the one injury all within six weeks. Doctors still insisted that I 
go for three more X-rays even though I knew nothing would be found. Finally after nine 
X-rays of the same hand, I was sent for a different procedure which found the solution… 
Having too many X-rays can make you sick especially at a young age (Student Report, 
2014).

For their primary research, the girls designed a simple study asking their peers three 
questions:

 (i) Have you had any X-rays in the past three years? If yes, what part of the body?
 (ii) Are you aware of the amount of radiation released by X-rays?
 (iii) What part of the body received the greatest dose of radiation? ~Arm ~Foot 

~Dental ~Pelvis ~Skull ~Abdomen (liver level) (circle one)

The girls learned that about equal number of boys and girls (19/30, and 17/30, 
respectively) had X-rays within the last three years. Dental, arm and leg were the 
highest X-rayed body parts for both genders. Almost all surveyed boys and girls 
were unaware of the level of radiation exposure, with most believing that skull 
would receive the highest amount of radiation.

For their action, the group wrote a letter to the Head of Diagnostic Imaging at a 
local hospital informing the doctor about their research. They received a two-page 
reply from the doctor, who thanked the girls for their detailed inquiry, and who 
wrote in his letter: “I applaud your efforts to educate yourselves, your students and 
your community and I look forward to statistically lower dose rates in the future as 
patients become more educated and involved in their healthcare and I thank you for 
your role in contributing to this.”
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6.8.3  Organizing an STSE Fair at the School

We are all too familiar with science fairs, at which students showcase their projects 
and judges evaluate their work based on pre-determined criteria. But rarely, if ever, 
has anyone organized a fair to showcase students’ research-informed and negotiated 
action projects. The setup of an STSE fair resembles a ‘traditional’ science fair, but 
on a closer look, students’ displays do not necessarily follow the rigid ‘scientific 
method.’ Instead, students explain controversies surrounding their issues, display 
actor-network maps, present results of their correlational studies, show their ready- 
to- use action materials and discuss the impact and effects of their implemented 
actions.

I organized the first STSE fair in the school library and invited several classes to 
visit, one at a time (See photos in Fig. 6.5). Teachers and students visited students’ 
displays and asked questions about the projects. Handing out a list of questions to 
the visiting classes may be a good idea to prepare students and increase account-
ability for participation. If more teachers decide to run STSE fairs, the main foyer 
or the school cafeteria could be excellent settings for these events. I encourage 
teachers to organize similar events at their schools.

Fig. 6.5 Sample photos from the first STSE fair with the Grade 11 University level Chemistry 
students
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6.9  Factors That Contribute to Successful RiNA Projects 
and the Related Impacts on Students’ Academic 
and Personal Growth

Student success with the RiNA projects depends on myriad factors. I identified the 
following factors as the most important in helping the students achieve success:

• students’ (and teachers’) sustained interest and motivation to learn about con-
temporary socio-scientific issues

• students’ positive and productive group dynamics
• teacher’s knowledge and skills in guiding students through apprenticeship activi-

ties and collaborative work
• opportunities for students to self-direct their research and actions
• students’ explicit cycles of reflection on the nature of research and actions

We discuss the last two factors in more detail in the eighth Chapter. These six fac-
tors are mutually dependent. Teachers play a central role in helping students under-
stand and develop expertise and confidence in conducting research-informed and 
negotiated activist projects.

I learned from my unsuccessful groups that students’ lack of success resulted 
from their lack of understanding of the purpose of RiNA. It would be unrealistic to 
say that all students enjoy these projects and that they are all equally successful. 
Some students prefer direct instruction, recipe-style labs and individual projects, 
which all serve a purpose. But the students’ roles in the tradition-bound science 
classroom is different from students’ roles in a more student-led, open-ended and 
collaborative environment. Teachers’ guidance towards greater student autonomy 
for conducting RiNA may require explicit discussion with students about purposes 
of RiNA projects, their place in the science curriculum and students’ expectations 
and factors that contribute to success. Parents should also be informed about these 
learning activities.

Outcomes of student-led research-informed and negotiated actions on socio- 
scientific issues are vast. I have observed students who continue to be engaged in 
activist projects and leadership activities beyond the classroom. After his ‘No Car 
Day’ event at the school, one student (‘Robert’) led a group of 40 students for the 
World Vision 30 Hour Famine event. The students raised over $400 for World 
Vision. Robert started the Interact club at the school for his peers who want to tackle 
the issues in their community and internationally through various service projects. 
He explains that RiNA projects in Grade 10 inspired him to continue to make a posi-
tive difference in his school and the community. I am proud of students who use 
their activist science education to develop into young leaders that strive to make this 
world a better place for all.
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6.10  Moving the System Forward: Promoting Issues-Based 
and Action-Oriented Science Curriculum

I have been a persistent learner in every setting in which I have worked. In many 
cases, I have taught ‘against the grain’ and stayed optimistic despite resistance. As 
one might imagine, school and/or system wide change comes slowly. One of the 
keys to change is building a collaborative climate in which everyone pursues change 
together. And this is precisely what I have been doing over the last four years. I 
started to promote issues-based and action-oriented science education by first work-
ing with a small group of teachers, one or two, in my science department to build 
their instructional capacity and professional efficacy. After I had left the first school 
in which I worked, teachers continued to implement issues-based and action- 
oriented curriculum. One of the teachers I worked with went on to become the 
department head of science at another school where she promotes RiNA projects 
with her science staff. In addition to working with small groups of teachers, I have 
promoted RiNA projects at various district and provincial conferences (e.g., Science 
Teacher’s Association of Ontario conference, my school district’s Environmental 
Education Conference, and my school district’s Social Justice Innovation Day, etc.). 
However, sometimes it is difficult to measure the exact impact of these presenta-
tions on teachers’ practice. With the recent publication of the JASTE issue, each 
high school in the my district received a hard copy of the journal. The journal serves 
as an actant to promote activist projects for social and ecological justice in science. 
To recognize the importance of social and environmental activism, I have initiated 
an award at my school called “Action for Social and Ecological Justice Award” to 
recognize students who make positive contributions to the community through their 
RiNA projects. Most recently, I have invited Larry Bencze as the Keynote speaker 
at my school district’s first Science and Technology Inquiry Symposium, at which 
he spoke about application-based inquiry. We are in the process of initiating a ‘STSE 
Controversy and Political Actions’ group in with elementary and secondary teach-
ers who are interested in embedding social and environment justice issues in their 
classes. We are creating a positive movement with the support from several system 
leaders in the district. I am excited and motivated by the impact that we can have as 
we engage and empower our students to take actions on contemporary socio- 
scientific issues. I feel confident in our ability to galvanize change and I am hum-
bled by the possibilities of a more active and politicized science education.
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Chapter 7
Students’ Social Studies Influences on Their 
Socioscientific Actions

Larry Bencze  and Mirjan Krstovic

7.1  Introduction

School systems in many jurisdictions have, especially over the last few decades, 
been encouraging students to learn about so-called ‘socioscientific issues’ (SSIs); 
which often appear to involve controversies around potential problems facing indi-
viduals, societies and/or environments associated with fields of science and technol-
ogy. This aspect of science education has not, however, been able to make significant 
inroads into dominant goals and practices. School science systems have tended to 
prioritize instruction and evaluation in ‘products’—such as laws and theories—of 
fields of science and technology. Elaborate attention to potential problems associ-
ated with these fields may detract from dominant programmatic agendas. There 
does, however, seem to be hope for further implementation of SSI education by 
engaging students in conduct of research that may yield results that motivate them 
to learn more about the issues and, perhaps, take actions to address them. In this 
report, we share results and conclusions of efforts to enhance research-informed and 
negotiated action experiences of students by encouraging them to base actions on 
correlational studies, forms of investigation that often appear not to have been pro-
moted to a great extent in school science.
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7.2  Socioscientific Issues Education in Schools

It seems clear that there are many potential harms to wellbeing of individuals, soci-
eties and environments associated with decisions made by powerful people and 
groups affecting fields of science and technology. People are concerned, for instance, 
about possible harms from various commercial products and services, such as: 
household cleaning and hygiene products (Leonard, 2010); pesticides (Hileman, 
1998); tobacco (Barnes, Hammond, & Glantz, 2006); and, pharmaceuticals (Angell, 
2004). Many people also expect serious personal, social and environmental degra-
dation associated with dramatic increases in average global temperatures often 
linked to excessive fossil fuel uses (Klein, 2014). For various reasons, however, not 
everyone agrees about causes and/or seriousness of such real or perceived problems. 
Indeed, it seems that some people and groups have actively campaigned to cast 
doubt on such concerns. There are strong suggestions, for example, that business- 
sponsored groups have acted—sometimes by employing reputable scientists—to 
discredit harmful effects of such commodities and, indeed, trustworthiness of scien-
tists who have published negative findings about them and, moreover, trustworthi-
ness of whole fields of science (Oreskes & Conway, 2010).

Since about 1970, educators and school systems have given some priorities to 
engaging students in learning about controversies such as those noted above 
(Pedretti & Nazir, 2011), falling under different names in various jurisdictions, 
including: socioscientific issues (SSIs) in the USA and elsewhere (Sadler, 2011) and 
STSE (relationships among fields of science & technology and societies & environ-
ments) issues in the UK, Canada and elsewhere (Pedretti & Nazir, 2011). Despite its 
relatively long and broadly-distributed history, implementation of STSE (the term 
used here, due to its use in local curricula) education has been, while extensive and 
deep in some contexts, generally modest (Hodson, 2011). Among many barriers to 
its implementation, a prominent and persistent one has been traditional emphases in 
school science systems—including governments, educational researchers, textbook 
publishers, school and school system administrators, science teachers, etc.—on 
instruction in ‘products,’ such as laws and theories, of fields of science and technol-
ogy. Such teaching is relatively easy, in the sense that it involves presenting to stu-
dents, in various ways, convenient ‘packets’ of information (e.g., at regular intervals, 
the human heart pumps oxygenated and de-oxygenated blood out to the body and 
lungs, respectively); and, students’ knowledge of such products can then be 
relatively- easily assessed and evaluated. Moreover, attention to STSE issues can 
question idealized images of the nature of science—e.g., that it is highly-efficient, 
unbiased and unproblematic for societies and environments (Allchin, 2003)—that 
often are associated with didactic foci on products education (Hodson, 2008). 
Indeed, it is apparent that efforts to enlighten students about potentially problematic 
aspects of the nature of science often are resisted (Hodson, 2008).

There are, undoubtedly, many factors limiting STSE education. The nature of its 
implementation in many contexts around the world, though, implicates one general 
inhibiting factor. Often, the aim of STSE education emphasizes student learning of 
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evidence and arguments for conflicting positions, which they are then encouraged to 
use—frequently in social situations—to develop, in highly logical ways, personal 
positions on issues (Levinson, 2013). On the one hand, there appear to be clear 
benefits of such personalized and argumentative approaches, including: develop-
ment of socioscientific reasoning skills (Sadler, Barab, & Scott, 2007) and learning 
of products of science (e.g., laws & theories) (Venville & Dawson, 2010). On the 
other hand, emphases on personal decision-making suggests an orientation towards 
societal individualism—a trend away from collectivism that has, apparently, been 
increasing in the last few decades (Putnam, 2000). This is a mark of a broader ideo-
logical trend that seems to have increasingly dominated societies globally since the 
mid-1970s. According to McQuaig and Brooks (2010), after the second world war 
and subsequent recovery that involved major increases in government spending and 
intervention in economies, it seems that the share of wealth of the richest 1% of the 
population dropped from pre-war levels around 24% to post-recovery levels near 
10%. This, apparently, led them to re-invent the pre-war policy of economic liberal-
ism—a view advocating individuals’ and groups’ (e.g., corporations) rights to 
engage in economic markets free (liberated) from government intervention. This 
renewed policy, known as neo[new]-liberalism, intensified and re-invented old eco-
nomic liberalism (McMurtry, 2013). For example, new ‘extra-national’ organiza-
tions, like the World Bank, World Trade Organization and International Monetary 
Fund, were formed to represent economic and social elite—free from obligations to 
any country or its people. Apparently in cooperation with governments and extra- 
national organizations, like banks and ‘think tanks,’ policies and agreements—such 
as tax laws and international trade agreements—are arranged in ways to favour for- 
profit activities by individuals and groups (Robertson & Verger, 2012). Reminiscent 
of the survival-of-the-fittest phenomenon attributed to Charles Darwin, neoliberal-
ism has, apparently, contributed to significant increases in possessive individualism 
within cultures—which, in turn, seems to have contributed to dramatic worldwide 
increases in gaps between rich and poor (McQuaig & Brooks, 2010). Associated 
with this wealth concentration has, apparently, been significant damage to wellbe-
ing of many individuals, societies and environments (WISE); hence, STSE issues 
like the ones noted above.

Possessive individualism is, perhaps, epistemologically and ethically unsound. 
Based on social epistemology (e.g., Fuller, 2002) and actor-network theory (e.g., 
Latour, 2005), all people, other living things, artefacts they produce, abstract images 
and messages and inanimate objects, etc. all, to varying degrees, co-influence each 
other. One implication of such a worldview is that many of our ‘positive’ (and ‘neg-
ative,’ etc.) attributes (e.g., attitudes, skills, knowledge [ASK]) are given to us by 
other actants in our networks. From a communitarian perspective, we can recognize 
such connectedness and promote positive actions on networks—to reciprocate ben-
efits received and/or to realize further benefits from a more ‘positive’ network 
(Peters, 2011). People acting in positive ways within networks, however that may be 
defined by them, could, in principle, contribute to general improvements to WISE.

There appears to be a particular need for promotion in and through school sci-
ence of positive student actions on actor-networks. Fields of science and  technology, 
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particularly in the neoliberal age, seem to have been heavily-influenced by profit 
motives and this, in turn, seems to have led to many compromises to their topic 
choices, methods and dissemination and application decisions (Ziman, 2000). 
Krimsky (2003), for instance, has documented many such compromises in biologi-
cal and biomedical fields that are associated with such problems as birth defects, 
cancer, diabetes, cardio-vascular diseases and other preventable illnesses. Arguably 
to protect positive images of science (and technology), however, school science 
systems rarely refer to problems associated with business-science partnerships 
(Carter, 2005). Indeed, promotion of any kinds of actions—such as petitions to 
power-brokers—to address STSE issues, regardless of perceived causes (e.g., 
business- science partnerships), are rare in school science. As Hodson (2003, p. 657) 
said, “[i]t is almost always much easier to proclaim that one cares about an issue 
than to do something about it!” (emphases added). Nevertheless, at least because we 
need more activist societies to address the many serious potential and realized prob-
lems for WISE associated with decisions made by powerful people and groups 
about fields of science and technology, activism should be promoted in and through 
school science and technology (Hodson, 2011; Levinson, 2010; Dos Santos, 2009).

7.3  Research Context & Methods

Since 2006, the first author of this chapter (Larry) has been supporting teachers in 
efforts—based on the ‘STEPWISE’ (Science & Technology Education Promoting 
Wellbeing for Individuals, Societies & Environments) pedagogical framework—to 
encourage and enable students to take socio-political actions, at least partly based 
on their research, to address STSE issues. STEPWISE is elaborated in Chap. 2 in 
this volume and at: www.stepwiser.ca. In the spring of 2011, the second author 
(Mirjan) of this paper was a member of a graduate course in history, philosophy and 
sociology of science for which Larry was the instructor. After the course ended, 
Mirjan asked Larry if he could facilitate his study of progress in students’ views of 
the nature of science (NoS). As reported below, however, subsequent discussions 
about this request led us to conclude that, instead of focusing only on NoS, Larry 
would serve as researcher-facilitator of Mirjan’s efforts to encourage and enable 
students to develop and implement research-informed and negotiated actions 
(RiNA) to address issues. We agreed that students’ NoS views may relate to their 
actions.

In this chapter, we report Mirjan’s efforts to encourage and enable students in his 
first-semester (Sept. 2011-Jan. 2012) tenth-grade ‘academic’ (for university 
entrance) science class to conduct socio-political actions on issues. We also aimed 
to understand factors that may influence students’ actions.

Given it was Mirjan’s first time promoting actions on SSIs, he chose to design 
activities that aligned well with the pedagogical sequence in Fig. 7.1, which many 
teachers working with Larry had found appropriate for their contexts. Although it 
may not be the most philosophically-sound approach, given that it assumes students 
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lack significant expertise and motivation for actions on SSIs, many teachers believe 
that such a ‘deficit’ approach is necessary because of students’ and teachers’ rela-
tive inexperience with such educational approaches (Bencze & Carter, 2011).

Primarily between Oct. and Dec., 2011, Mirjan developed and implemented a 
program with his tenth-grade students that, in synchrony with instruction about 
‘products’ (laws & theories for chemistry, physics, biology and earth & space sci-
ence), featured the following kinds of activities:

• Students expressed (e.g., discuss, write about) their pre-instructional views about 
SSIs;

• Mirjan modelled/demonstrated and discussed various cases of research-informed 
actions on SSIs taken by citizens (e.g., Occupy Toronto [via video taken by 
Mirjan]; Problems With Take-out Coffee on YouTube™; The Story of Stuff video 
and resources [www.storyofstuff.org/]);

• Student groups conducted secondary research (e.g., Internet searches) to learn 
more about one of three chemistry issues (i.e., household cleaners, acid rain or 
oil spills) suggested to them;

• Mirjan conducted lessons and activities to help students to develop expertise and 
confidence with controlled experiments and correlational studies;

• Mirjan asked students to consider various types of socio-political actions, such 
as educating others, lobbying power-brokers and developing more sustainable 
inventions, and then required them to develop actions to address their selected 
chemistry issue;

Fig. 7.1 A pedagogical framework for promoting sociopolitical actions on socioscientific issues
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• Mirjan guided students in implementing a whole-class correlational study about 
climate change, using students’ questions about relationships like gender vs. stu-
dents’ shower lengths; and then asked students to develop actions addressing 
results of a survey.

To achieve our research agenda, we conducted data-collection and analyses hav-
ing rationalistic and naturalistic characteristics (Guba & Lincoln, 2011). 
Rationalistically, we focused, for example, on students’ ongoing motivation to act 
on issues. Naturalistically, we collected data that enabled emergence of unexpected 
situational outcomes. Data collected from 29 students (ages 14–18) and from Mirjan 
included:

• Project Work Artefacts: Samples of products generated by students were col-
lected, including: issue descriptions, research plans, data collected, written 
reports, project reflections, action plans and forms of action (e.g., posters, peti-
tions, videos);

• Project Instructional Materials: Copies of Mirjan’s pedagogical plans and 
instructional materials (e.g., paper handouts, videos, PowerPoint™ presenta-
tions, and internet site web addresses) were made;

• Digital Recordings of Students’ Project Work: Photographs (23) and videos (16 
for each of the 7 groups) were produced depicting youth presenting and defend-
ing their forms of action in public fora (e.g., to fellow students within and outside 
of class).

• Semi-structured Interviews: Five volunteering students were interviewed three 
times, near the beginning, at the end and 4 months after the course. Questions 
focused on their views about issues, research and actions. Mirjan was inter-
viewed 11 times, for about 60 min each, about project progress. All interviews 
were audio-recorded and later transcribed.

Regarding analyses, each of us coded data for categories and then developed encom-
passing themes—using constant comparative methods based on constructivist-
grounded theory (Charmaz, 2014). Categories and themes were then negotiated 
between to achieve consensus (Wasser & Bresler, 1996). Member checks with par-
ticipants were conducted to help ensure trustworthiness of claims, each of which 
was based on at least three supporting data sources.

7.4  Results & Discussion

7.4.1  Preamble

The RiNA projects developed by students in Mirjan’s tenth-grade science class 
resulting from his first efforts to promote such thinking and activism seemed 
broadly comparable to those conducted by students in other teachers’ cases (e.g., 
Bencze & Sperling, 2012; Bencze, Sperling, & Carter, 2012). Guided by the 
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STEPWISE pedagogical framework in Fig. 7.1, all groups of students in Mirjan’s 
class generated and implemented multiple actions—based on secondary and pri-
mary research about which they had significant control—to address STSE issues of 
their concern. In association with their project work, they also developed expertise 
in the different STEPWISE domains and, moreover, significant commitments to 
critical research on SSIs and actions to address them. Development of these out-
comes mainly spanned two curriculum units; that is, chemical change and climate 
change (MoE, 2008)—each lasting about six weeks. As shown in Table 7.1a, stu-
dent groups conducted secondary research into various chemistry issues and devel-
oped corresponding actions to address them; while in the climate change unit, as 
shown in Table 7.1b, they conducted secondary and primary research as sources of 
claims for actions on issues of their choice.

In the following sub-section, some specific examples from the class studied are 
provided in support of the above claims. Such results appear to be influenced by 
multiple—and, often, interacting—contextual variables. This complex of factors is 
discussed in the second sub-section below. Particular focus in this discussion is 
placed on roles of students’ uses of local data as bases for corresponding actions in 
local contexts.

7.4.2  Young Activists in the Making

Given the relatively student-led nature of research-informed and negotiated actions, 
it is difficult to impose precise criteria on student ‘achievement’ regarding such proj-
ects. By their very nature, they can—and, perhaps, should—be highly idiosyncratic 
and situated. Moreover, given that they are a relatively new phenomenon in science 
education, formal evaluation criteria are lacking. Hodson’s (2011) categories for 
‘success’ in SSI education, however, seem useful—particularly in terms of their 
breadth. He suggests that students should develop expertise in each of the following 
domains (not, necessarily, in the following order): understanding of SSI issues; 
awareness of power relations in SSIs; establishment of personal SSI positions; and, 
sociopolitical actions on SSIs. Given that students in our research had very little 
prior experience with SSI education, primary research and development and imple-
mentation of social actions to address SSIs, their ‘expertise’ by the end of the course 
seemed well-progressed. Their initial views of ‘STSE Issues’ could be described as 
technicist; that is, seeing ‘issues’ not as controversies but as ‘problems.’ For example, 
as shown in Fig. 7.2, students’ views of cigarette smoking emphasized their harmful 
effects (e.g., cancer)—although there was some allusion to controversy (e.g., peer 
pressure to smoke, depicted by the eyes and ‘Do it!’ advice). Eventually, however, 
their discourse about issues increasingly included reference to controversies regard-
ing decisions by people in powerful positions. Generally, although there was no men-
tion of sometimes problematic influences of capitalists on scientists and/or engineers, 
as some have described (Krimsky, 2003; Ziman, 2000), they did tend to name ‘peo-
ple with money’ as major actants in STSE networks. When asked, for instance, who 
were the opponents in climate change issues, ‘Zoë’ said:
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People who know it [waste] is a problem, but they choose to think it is not as important 
because of the cost of it. … People who are rich, like politicians, they don’t want to help 
[address] climate change because they feel it will do them more harm than good. …
[Opposed to them are] the protesters [laughter]!” (Dec. 16, 2011).

Most students seemed to develop relatively strong critical views of large companies. 
‘Brent,’ for example, who investigated students’ computer uses, said: “Computer 
manufacturers would lose a lot of money if they made computers that were more 
efficient and don’t break down” (Dec. 16, 2011). Similarly, ‘Sean,’ who had 

Table 7.1a Summary of students’ first RiNA projects

Team
Socioscientific 
issue

Secondary 
research

Primary 
research Action(S)

3 boys Oil Spills (Topic 
posed by teacher, 
chosen by students)

Student-led, 
mostly using 
the internet

N/A Created Facebook™ group, with 
regular oil spill cases added, 
supported by messages on 
Tumblr™ and Twitter™

3 girls Cigarette Smoking 
(Topic posed by 
teacher, chosen by 
students)

Student-led, 
mostly using 
the internet

N/A Brochures distributed around local 
community centre; Posters posted 
around school; made and wore 
t-shirts with anti-smoking 
messages

3 boys Cigarette Smoking 
(Topic posed by 
teacher, chosen by 
students)

Student-led, 
mostly using 
the internet

N/A Produced two large anti-smoking 
posters they placed where people 
smoke; and produced and 
distributed an anti-smoking 
brochure to teachers and students

4 girls Cigarette Smoking 
(Topic posed by 
teacher, chosen by 
students)

Student-led, 
mostly using 
the internet

N/A Produced an anti-smoking lecture, 
which included four anti-smoking 
posters, they conducted with a 
ninth-grade class in the school

1 boy Acid Rain (Topic 
posed by teacher, 
chosen by students)

Student-ied, 
mostly using 
the internet

N/A Activist video placed on 
YouTube™

3 boys Household 
Cleansers (Topic 
posed by teacher, 
chosen by students)

Student-led, 
mostly using 
the internet

N/A Produced a website about 
household cleaners, included 
other’s activist video

1 girl Household 
Cleansers (Topic 
posed by teacher, 
chosen by students)

Student-led, 
mostly using 
the internet

N/A Produced activist video, featuring 
she and her cousin in a role- 
playing scenario

3 girls Household 
Cleansers (Topic 
posed by teacher, 
chosen by students)

Student-led, 
mostly using 
the internet

N/A Produced an activist video posted 
to YouTube™, and posted flyers 
the cleaners’ isle of a local store

3 boys Personal Hygiene 
Products (Topic 
posed by teacher, 
chosen by students)

Student-led, 
mostly using 
the internet

N/A Produced PowerPoint™ 
presentation, which they planned 
to present to a junior class
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Table 7.1b Summary of students’ second RiNA projects

Team Socioscientific issue
Secondary 
research

Primary 
research Action(s)

2 boys Consumption of 
food in different 
categories by boys 
and girls

Student-led, 
mostly using 
the internet

Part of 
whole-class 
study 
designed by 
teacher & 
students

Lobbied male gym. teachers 
to encourage boys to eat less 
meat and more vegetables and 
fruit, using a brochure they 
produced

2 boys & 
2 girls

Computer usage 
by boys and girls

Student-led, 
mostly using 
the internet

Part of 
whole-class 
study 
designed by 
teacher & 
students

Produced activist video posted 
to YouTube™

2 girls & 
2 boys

Water 
consumption (esp. 
shower lengths) by 
bays and girls

Student-led, 
mostly using 
the internet

Part of 
whole-class 
study 
designed by 
teacher & 
students

Produced activist 
PowerPower™ slideshow, 
which contained information 
about shower uses and photos 
of them talking to fellow 
students as they distributed 
their brochures about shower 
uses.

2 boys & 
2 girls

Water 
consumption (esp. 
shower lengths) by 
boys and girls

Student-led, 
mostly using 
the internet

Part of 
whole-class 
study 
designed by 
teacher & 
students

Produced activist 
PowerPower™ slideshow, 
shown to their class, and they 
produced a website about 
water uses. They also made a 
poster, distributed around the 
school

l girl & 
2 boys

Uses of bottled vs. 
tap water by 
students of 
different ages in 
the school

Student-led, 
mostly using 
the internet

Part of whole 
class study 
designed by 
teacher & 
students

Produced activist 
PowerPower™ slideshow, 
shown to their class. They also 
produced an activist poster 
they used to speak to other 
students in the school about 
bottled water

2 girls & 
2 boys

Playing of video 
games among girls 
and boys

Student-led, 
mostly using 
the internet

Part of 
whole-class 
study 
designed by 
teacher & 
students

Produced activist 
PowerPower™ slideshow, 
shown to their class. They also 
produced 2 large activist 
posters that they planned to 
place outside the boys’ 
washrooms

2 boys & 
2 girls

Recycling practices 
by students of 
different ages

Student-led, 
mostly using 
the internet

Part of 
whole-class 
study 
designed by 
teacher & 
students

Produced activist 
PowerPower™ slideshow, 
shown to their class. They also 
produced A posters, to be 
placed in cafeteria neartrash 
bins. They also handed out 
brochures they produced

(continued)
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investigated students’ plastic water bottle uses, said that, despite knowing about 
hazards (e.g., Bisphenol A), companies persist in marketing them because of 
“money. They really don’t care about anything other than their money” (Apr. 23, 
2012). At the same time, some shared their views with peers that ‘average’ citizens/
consumers may not be entirely blameless. Brent, for example, seemed to feel 
humans, generally, were abusing their/our intellectual gifts:

There is this magical thing that happened to the evolution of Man [sic], which was that we 
were allowed to think. … This has allowed us to make different things and be different than 
other organisms. [But,] we are just using our knowledge to destroy each other because, 
basically, we just want more money (Dec. 16, 2011)!

Table 7.1b (continued)

Team Socioscientific issue
Secondary 
research

Primary 
research Action(s)

2 girls & 
2 boys

Recycling practices 
by boys and girls

Student-led, 
mostly using 
the internet

Part of 
whole-class 
study 
designed by 
teacher & 
students

Produced activist 
PowerPower™ slideshow, 
shown to their class. They also 
lobbied the school principal 
using a letter they wrote and 
read an announcement over 
the school PA system to 
encourage recycling in 
different ways

Fig. 7.2 Some students’ initial conceptions of STSE issues
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In researching information about STSE issues, students seemed to develop some 
relevant expertise. Mirjan said students had developed a ‘healthy’ skepticism, for 
example, about information retrieved from websites—generally distrusting web-
sites with corporate sponsors, preferring government-sponsored sites, and regularly 
triangulating claims; that is, only drawing conclusions when at least two sites they 
believed to be reputable corroborated each other’s claims. Such skepticism, how-
ever, seemed to exist in students’ minds prior to the course we studied. What was 
new to these students, on the other hand, were conceptions about correlational stud-
ies; that is, empirical investigations in which researchers attempt to find correlations 
between naturally-changing variables. Correlational studies are used in many fields 
of science, but apparently seldom used or emphasized in school science (Bencze, 
1996). In interviews, students confirmed that they had never heard about correla-
tional studies prior to the course about which we are reporting. Sean exclaimed, for 
instance, “I told my friends in other classes that we are doing correlational studies 
in science. They said, ‘What’s that?’ ” (Nov. 16, 2011). By about the mid-way point 
of the course, however, most students seemed to understand them reasonably well. 
Two typical statements given by students about them were: “You can’t really experi-
ment with people with smoking. My teacher was saying, ‘You can’t really make half 
of the class smoke and the other half of the class not smoke’ ” (Zoë, Nov. 16, 2011); 
and, “In an experiment, you are trying to alter one of the variables; whereas, in a 
correlational study, you can’t alter any of them [variables]. You have to observe the 
people to see what patterns occur” (Brent, Nov. 16, 2011). While this seemed to be 
a positive outcome of the course, we are not sure about students’ expertise in con-
ducting correlational studies—mainly because they were only part of one such 
study in this course, and that was largely teacher-guided (refer below for elabora-
tion). As a class, with teacher help, students generated findings for possible correla-
tions for several variable pairs—which, as shown in Table  7.1b, included links 
between age and gender and variables like: shower length; food group eating; plas-
tic water bottle use; and video game-playing.

Once students felt they had gathered sufficient information from their research, 
given their available time, they negotiated, developed and often implemented 
actions to address their chosen STSE issues (see Tables 7.1a and 7.1b). All actions 
drew, to varying extents, on their secondary and primary research (refer below for 
details); and, all took particular stances on personal and/or group decisions (e.g., 
‘Girls might reduce shower times’). As indicated in Tables 7.1a and 7.1b, there was 
a range of breadth and depth of student groups’ actions. Difficulties some students 
experienced may, as discussed below (Factors Affecting Actions), be somewhat 
attributable to this was Mirjan’s first use of the STEPWISE framework and, more-
over, he had only started using it in the second month of a 5-month course. While 
not necessarily typical, actions generated by one student group may give readers a 
sense of the potential of this kind of student project work. Their main actions, which 
are depicted in Figs. 7.3a–c, illustrate that they combined findings from their pri-
mary and secondary research in producing an informational website (Fig.  7.3a), 
which they promoted through their Facebook™ and Twitter™ contacts and an 
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Fig. 7.3 (a) Excerpt from students’ activist website, (b) excerpt from students’ activist pamphlet, 
(c) a student teaching a peer
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informational pamphlet (Fig. 7.3b), which they used as a basis for conversations in 
which they engaged students in hallways within their school (Fig. 7.3c).

In reviewing students’ various actions (refer to Tables 7.1a, 7.1b and 7.2), it 
became quite apparent that they tended to be restricted to local/familiar contexts—
such as peers and teacher(s) in class or in the school—or remote, but somewhat 
impersonal, contexts like contacts on YouTube™, Facebook™ or Twitter™. Overall, 
apart from one case in which a student group actively lobbied the school principal 
and janitors to move recycling bins to prominent locations in the school cafeteria, 
most actions could, arguably, be considered ‘safe.’ Most students felt comfortable 
interacting with familiar people not in an authoritative role. Reflecting most stu-
dents’ views, ‘Brent,’ an otherwise confident student, said:

I am OK with talking to people in my age group. I just don’t like it when I explain my ideas 
to older groups of people. I feel like they don’t take me seriously. I feel like they say, ‘[You] 
didn’t go to university. [You] don’t have all these credentials. … I feel that when I am talk-
ing to my own age group, I am more safe and more comfortable talking to them – because 
I can connect with them on a personal level (Dec. 16, 2011).

While it was apparent that students were most comfortable with safe actions, there 
seemed to be, nevertheless, some depth to their commitments to actions on STSE 
issues. Several students offered that their focus on STSE issues and actions led 
them—and, sometimes, family members—to change their personal behaviour 
regarding several issues. ‘Hal’ said, for instance, that he doesn’t litter any more—
adding: “I try to stop my friends [from littering]” (Apr. 23, 2012). ‘Paul’ concurred, 
saying that he and his parents have tried to reduce their car use now that he has 
become more aware of climate change (Apr. 23, 2012). Moreover, there appeared to 
be some durability to students’ commitments to research-informed and negotiated 
actions. Although few said they thought they would conduct primary research 

Fig. 7.3 (continued)
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Table 7.2 An analysis of students’ qualitative considerations for actions

Quotation(s) and summaries Knowledge (Capital) Possible changes

Recycling project
Adrienne said they planned to get the 
recycling bins located in the cafeteria in 
places where they knew students would see 
and perhaps use them (Dec. 7, 2011). Karla 
said, “Usually at lunch time, people are too 
lazy to go to the back of the cafeteria to use 
the recycling bins. So, it’s better if the 
recycling bins are next to the trash cans; so 
that they [students] will sort it [recyclables] 
out” (Dec. 7, 2011). Paul added that “Usually, 
they [students] just leave it [containers, etc.] 
on the tables or throw it in the garbage [bin].... 
There is, like [approximately], one trash can 
for every two tables. Even with two trash cans 
per table, people are just lazy and leave their 
stuff on the table” (Dec. 7, 2011). Zoe added 
that “A lot of students put cans in the trash 
can, which is wrong” (Dec. 7, 2011)

Students’ typical 
movements in a 
cafeteria

Recommendations 
for placement of 
recycling bins

Students’ tendency to 
believe that recycling 
is Not ‘cool’ (Note: 
obtained through 
personal 
communication with a 
teacher)

Hope that students 
use recycling bins

Adrienne: “We ... decided to talk to the 
janitors about the lack of recycling bins ... to 
see if they could help by possibly putting out 
more or moving them to a more accessible 
location” (Dec. 12, 2011). Adrienne’s group 
chose to place their poster about placement of 
recycling bins in front of the school office “so 
that the principal or teachers would see it and 
get inspired [to recycle]” (Dec. 7, 2011). 
Zoe’s group seemed keen to get their 
recommendation of having recycling bins 
moved; they chose to take their letter to the 
principal, rather than just sending it to her. 
They felt they could explain it better in person 
(Dec. 16, 2011)

Students’ tendency to 
not clean up after 
themselves

Hope that students 
do not place 
recyclables in 
trash cansLocation of trash cans

Number of trash cans 
pertable
Students uses of trash 
cans
Familiarity with the 
school’s janitors
Awareness of 
principal’s and 
teachers’ positions of 
power
Understanding that 
personal contact can 
be better than through 
a medium

(continued)
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beyond their science course, most indicated that their curiosity for secondary 
research had been piqued and their orientation towards actions on STSE issues had 
been deepened. Hal reflected this view when he said:

I will continue with actions. I like researching things. If I don’t know something, I want to 
know it! Just the other day, I was researching about photosynthesis. … I was thinking 
maybe people won’t have to change. Maybe, as we are adapting to [increasing’ CO2 emis-
sions, maybe we can have this piece of machinery that I am trying to invent. [It would] 
capture CO2 and put oxygen [into the air]. … I’m going to ‘high-five’ myself if I do it! … I 
am [also] going to inform people about issues that I feel strongly about; just try to spread 
the word (Dec. 16, 2011).

In support of this claim for depth of commitment, most students agreed with this 
recommendation: “I think a lot of schools should do this. Not only did we learn 
about the aspects of science that are part of the grade 10 curriculum, but we learned 
it and we made a change to it. So, you actually feel like you did something while 
learning” (‘Sidney,’ Apr. 23, 2012).

Table 7.2 (continued)

Quotation(s) and summaries Knowledge (Capital) Possible changes

Shower time project
When Mirjan asked students how they could 
convince other students to reduce water and 
energy use regarding showers, Karla said: 
“When we were talking, we said it would be 
hard to tell people, ‘Just reduce your [shower]
time!’ They would say to your face, ‘Oh, 
whatever...’ and walk away. So, that’s why we 
created these ‘Did You Knows’ [e.g., ’low 
flow shower heads use about 46L less per 
5 min. of showering’ on their poster]. It would 
get people mentally thinking; and it’s [sic] 
facts they wouldn’t know. So, maybe it would 
take to them [sink in] and they would actually 
start thinking about reducing [water use]” 
(Class Presentation, Dec. 7, 2011)

Understanding of 
students’ listening 
practices/priorities

Hope that students 
reduce shower 
times

Comfort in speaking 
to peers

Hope that students 
would use 
reasoning for their 
choices

Hal: “We made a brochure [about water 
usage] and Mr. K. made a bunch for us. We 
went around the halls [of the school] handing 
them to and talking to people. We went 
[asked] ‘How long do you shower?’ They 
gave us an answer. [They congratulated 
students who took short showers.] We asked 
them why [they take such long showers]. We 
encouraged them to read the brochure. We 
told them how it harms the environment and 
how it affects global warming. A lot of people 
did listen, but some people [ignored us].... We 
[suggested] they take shorter showers” (Dec. 
16, 2011)

Speaking to peers 
about shower uses
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7.5  Factors Influencing Actions

Myriad Factors Promoting RiNA projects to address STSE issues should be rela-
tively easy in the province of Ontario, in which Mirjan conducted his work and 
which makes provision for most aspects of such projects in its latest curricula (e.g., 
MoE, 2008). Mirjan acknowledged that such curricular support was, indeed, a prime 
driver behind his promotion of RiNA projects (Written reflection, July 10, 2012). 
On the other hand, based on actor-network theory (Latour, 2005), we must assume 
myriad, often co-affecting, factors may influence outcomes. In some ways, we 
might imagine concentric circles around teaching/learning in classrooms, at least 
including influences from fellow students, teachers, parents, administrators, school 
district officials and the larger society (e.g., with advertisements). Nevertheless, 
despite such complexity, evidence from Larry’s studies of Mirjan’s work in com-
parison to that of other teachers with whom he has worked suggests that student 
outcomes like those reported above would not have been possible without a teacher 
at least somewhat like Mirjan. Prior to our collaboration, it is apparent he already 
was active as a critical reflective practitioner—having, for instance, participated in 
educational research and dissemination about a decade earlier (Percy & Krstovic, 
2001). At the time of this research, he was a graduate student studying for a Masters 
of Education degree focusing on science education. He participated in and led sev-
eral workshops in science education, is a member of a ‘professional learning com-
munity’ within his school district (regularly collaborating with other teachers) and 
maintains an online educational blog highlighting his ongoing thoughts about edu-
cation. Arguably related to this background, his philosophical positions seemed 
congruent with principles and practices for teaching about problematic STSE rela-
tionships and promoting student-led RiNA projects. On the Scientific Theory Profile 
(Loving, 1991), for instance, he indicated that he adheres to ‘Naturalist-Antirealist’ 
views about science—which, in contrast to ‘Rationalist-Realist’ views, suggests 
that knowledge generation in the sciences may be affected by factors beyond logic, 
including: societal cultural values, socio-economic factors, a scientist’s gender, reli-
gion, theoretical perspectives, personal biases, etc. Such views about science seem 
conducive to encouraging students to challenge authority of scientists and others in 
STSE decisions. On the other hand, teachers may sometimes struggle implementing 
such views if immediate colleagues are not, at least, supportive of a teacher exercis-
ing some critical reflective practice in his/her teaching—support that Mirjan said, 
indeed, contributed to his students’ successes with RiNA projects.

Social Studies Findings An overwhelming focus of our collaboration became the 
role of correlational studies as sources of data/findings that may motivate and guide 
student actions. Larry had been advocating for their use in science education for 
many years (Bencze, 1996). Mirjan was not, like many other science teachers, ini-
tially familiar with them. School science textbooks, which often guide teachers’ 
instructional perspectives and practices, tend to valorize experimentation as the way 
to truths and, moreover, as the defining feature of science separating it from other 
ways of knowing (Knain, 2001). In our discussions, Mirjan agreed with Larry that 
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it seemed reasonable to encourage students to conduct correlational studies in inves-
tigating STSE issues—largely on ethical grounds; because, unlike experimentation, 
studies were unlikely to generate problematic outcomes for living things. Accordingly, 
after considering the apprenticeship framework in Fig. 7.1 (Bencze & Carter, 2011), 
along with instructional resources provided by Larry (Bencze, 2000), Mirjan devel-
oped teaching/learning materials for helping students to develop expertise, confi-
dence and motivation for conducting correlational studies. An excerpt from these 
resources, in which students are guided through a short in-class correlational study, 
is shown in Fig. 7.4a. After such introductory activities, Mirjan then worked with 
students to co-generate a large-scale, whole-class, correlational study relating to cli-
mate change—in the second unit of the course, but the first time students were intro-
duced to primary research as a contributor to decisions about actions on STSE issues. 
Outside of class, students first conducted some secondary research—via the 
Internet—about climate change and, then, in class, brainstormed many possible con-
tributors to it. This work then allowed them, in groups, to suggest possible questions 
for correlational studies. At Mirjan’s suggestion, many such questions used age and 
gender as possible independent variables. One group’s questions, for example, were: 
“ ‘How does gender affect the amount of times you wash your clothes per week?’ and 
‘Does your age affect your transportation to and from school?’ ” (Nov. 22, 2011). 
After some whole-class negotiation, the survey questions in Fig. 7.4b were gener-
ated. Students then collected survey responses from 250 students in their school and, 
with Mirjan’s help, organized them into a large data table. Each of the seven student 
groups were then asked to pick results from one variable combination (e.g., students’ 
shower times varying by age). Groups’ choices are given in Table 7.1b. They were 
then asked to use the results from the class survey and their secondary research on 
their chosen topic (and on climate change, generally) as bases for actions they were 
to develop and implement that would address their issue.
A special feature of students’ correlational studies that appeared to contribute to the 
depth of commitment to actions on STSE issues was their local nature. In short, 
despite the remoteness of much information about climate change, there was a close 
connection between the context of their primary research (correlational studies of 
school peers) and actions (e.g., pamphlets given to school peers). For example, 
‘Karla’ reported that results of the study of shower lengths found that: “54 percent 
of the 123 females surveyed take showers 15 minutes or over” (Dec. 12, 2011). She 
said, in addition, that it was their understanding that results from this local study 
logically implied local action: “The website [and posters] is directed to the students 
at [‘Central High’] because the study was done at the school” (Dec. 12, 2011). The 
contexts, in other words, for their research and actions were much the same. This 
can be understood, perhaps, in terms of the schema in Fig. 7.5a—which is an adap-
tation of a theoretical relationship between ‘science’ and ‘technology’ described by 
Roth (2001). Accordingly, students conducted ‘Science’/Research by collecting 
data about fellow students’ shower lengths and representing that information as 
graphs (e.g., as seen in Fig. 7.3b). Once phenomena of the World are translated into 
representations (Signs), they are part of the cognitive and social milieu and, there-
fore, may be manipulated. Typically, as described above (e.g., Tables 7.1a and 7.1b), 
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Fig. 7.4 (a) Excerpt from correlational study activity, (b) Class-developed correlational study
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students then use their pre-conceived notions, primary and secondary research find-
ings, etc. to develop new ‘representations’ (Signs) of the world—which they then 
expand into their social milieu (e.g., among peers), as ‘Technology’/Actions, to try 
to bring about changes to the World (e.g., ‘Changes in Teens’ Shower Lengths’). 
Presumably—and hopefully—students then engage in series of cycles of research- 
informed and negotiated actions in school and beyond.

A key to the apparent contribution of ‘the local’ to students’ engagement in and 
attachments to RiNA projects appears to be ‘the personal.’ In an analysis preceding, 
but parallel to that in Roth’s (2001) paper, Wenger (1998) claimed that the more 
learners are personally-engaged in decisions about reciprocal relationships between 
phenomena and representations (the latter he said must be reified) the deeper and 
more committed would be their learning—at least because personal choice seems 
associated with personal identity and positive self-esteem development. There are 

Fig. 7.4 (continued)
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several examples in this study in which this applied to the research and to action 
sides of the relationship:

Research While the RiNA projects conducted about climate change were the first 
such projects by these students, which meant some teacher modeling and guidance 
seemed appropriate (Fig. 7.1), Mirjan gave students considerable control of deci-
sions throughout the process. In terms of ‘research,’ as described above, the students 
worked with Mirjan to generate potential study questions and, although guided 
through the actual study, were allowed to choose which ‘cause-result’ relationship 
(e.g., shower lengths by gender) on which to conduct secondary research. They then 
had freedom about how to display their selected data (from the class study and their 
secondary research) and conclusions to draw from them; e.g., as given in Fig. 7.3b. 
Although we suggest that the ultimate goal for such projects is full (within safety 
limits) student control of decisions (perhaps after an apprenticeship like that 
 provided here), it seemed clear that students found this research much more engag-
ing than they had previously experienced as school science students:

Fig. 7.5 (a) Schema for research-informed action projects, (b) relationships between phenomena 
and their representations
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Last year, my science teacher would give us [STSE] assignments, but he wouldn’t let you 
choose the topic. He’d just give it to you and you’d be expected to kind-of follow through….
and, it’s like, it was all right. I did good and stuff, but I wasn’t interested in it. I didn’t have 
that much of a motivation to really go further. He [Mr. K] has given us a choice and said it 
should be something you have an interest in. I think that is better, because I am motivated 
to do more (Nov. 16, 2011).

With such freedom of choice, it is apparent students chose—to a great extent—
findings from the class study that had considerable personal meaning for them as 
stimuli for action. ‘Adrienne,’ a member of one of the two groups investigating 
recycling in the school, exclaimed on two occasions how disappointed they were in 
‘discovering’ that many of their peers did not recycle packaging in the context of 
their lunch in the cafeteria. On Dec. 6, 2011, she said that the fact that most students 
don’t recycle is “startling to find out. So, we decided to take action against it. We 
believe that we should put up posters and educate people, but also have more recy-
cling bins right there in the cafeteria, where students will be.” Later, she stated this 
another way: “While we discovered that there is not really a strong correlation 
between age and the amount of recycling that is occurring, we discovered that a 
shocking 72% of both seniors and juniors only sometimes or rarely ever recycle 
after eating lunch at school” (Dec. 12, 2011).

Actions Although students had only perhaps ‘minor’ control over the whole-class 
correlational study, mainly because it was the first one most, if not all, had conducted, 
regulation of decision-making was ceded to them in using research (and other influ-
ences) for actions to address their issues. As indicated in Table 7.1b and Figs. 7.3a–c, 
this seemed to lead to considerable variety and creativity in actions. This personaliza-
tion may have contributed to the level of commitment to RiNA discussed above 
because of its influence on student identity and self-esteem. This, indeed, seemed 
evident in students’ comments about freedom they experienced, particularly in acting 
on research findings. Zoë, for instance, made this highly appreciative comment about 
the action component of their science education: “The difference with Mr. K. is that 
he wants us to take action. He doesn’t just want us to just make a report” (Nov. 16, 
2011). ‘Sidney’ concurred: “Mr. Krstovic gives us a lot of freedom about how we 
want to take action. That’s another thing we like about him” (Nov. 16, 2011).

‘Holistic’ Correlational Studies Although contributions of students’ social cor-
relational studies to motivation and direction for actions in the same local contexts 
seems significant, it may be that its influence was even greater than what we imag-
ined. On the one hand, students’ actions were not solely determined by correlational 
study results. Some students indicated that their decisions drew on both secondary 
and primary research findings. About his group’s actions about shower lengths, for 
example, Hal said: “The longer the shower you take, you are, basically, wasting 
energy to make the water warm and you are taking water from the lakes and con-
taminating and, sometimes, they can’t get the contaminants out, right? So, that was 
our main problem” (Dec. 16, 2011). Similarly, regarding her group’s actions on 
recycling, Zoë said: “I used to think there was just one pop [metaphorically] can in 
the ocean, but it is so serious, you know?” (Dec. 16, 2011). Nevertheless, it seems 
clear that Mirjan placed considerable priority on use of correlational study findings 
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as a source of direction for actions. This was evident in Mirjan’s instruction sheet 
for the RiNA project assignment: “Whatever action you take, for example if it’s an 
educational brochure, it should include information from your secondary research 
(i.e., the Internet, textbook and other resources) as well as your results from your 
correlational study with proper bar graphs or other graphs that visually display your 
data” (Nov. 22, 2011). Moreover, nearly fifty percent of the grade on the final RiNA 
assignment report was associated with students’ use and reference to correlational 
data. Indeed, it was apparent that students worked under the assumption that actions 
based on correlational data was a priority. Sidney said, for example:

[Our findings will help us] decide how to take actions. Suppose a lot of people don’t really 
know about global warming. Our responsibility would be to put up signs around the school, 
to educate people on global warming. .. Whatever our findings, we take actions on those 
results (Nov. 16, 2011).

On the other hand, it is apparent that students’ motivation and direction for action 
on STSE issues was broader than from correlational data. One might ask, ‘To what 
extent do people fully experience the world through correlational studies?’ The 
answer appears to be that they may be a ‘thin slice’ of reality. Correlational studies, 
like experiments, are reductionist in nature. Out of the complex world of variable 
interactions, pairs of them are isolated for consideration. Such abstraction, however, 
seems to be prioritized in the sciences. However, in the study reported here, it is 
apparent that freedom of choice that Mirjan had afforded students for their RiNA 
projects led them to explore and act on the world in more expansive ways than just 
through correlational studies. In short, their RiNA projects were more holistic than 
might be expected by projects supposedly driven by correlational data. In this 
regard, to supplement the quantitative character of correlational studies, there was a 
significant qualitative character to their projects. This was apparent in both the 
research and action phases:

Research Despite being encouraged to conduct and use quantitative correlational 
studies, but perhaps because of the freedom they were given, students chose to add 
qualitative observations to their research. As Zoë explained, many of them felt that 
the quantitative studies needed to be supplemented with personal interactions with 
peers:

We went around [during a full class period] to find out why they didn’t recycle. … We got 
the percentages [of student recyclers from their survey], but we wanted to know [why]. 
That’s how we figured out it was because a lot of them [students] didn’t know where they 
were [located] or that the cafeteria even had recycling [bins]. … We couldn’t really find a 
solution unless we knew what the problem was (Dec. 16, 2011).

Hal corroborated this claim in the context of his group’s study of peers’ shower 
times. While conducting his survey, he asked spontaneous supplementary questions 
to determine students’ reasons for longer showers. He said that the “girls had better 
reasons. The guys would say [things like], ‘Oh, I just stand in the shower [for what-
ever time]’; whereas the girls would say, ‘Oh, I shave my legs, and I have to wash 
my hair nicely and I have to condition it [their hair] …’ They gave us all these rea-
sons” (Dec. 16, 2011). Additionally, he said: “We found that a lot of people [about 
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70% of students], regardless of gender and age, take showers longer than 15 min-
utes. … Some people I talked to take showers of 2 hours!” (Dec. 16, 2011).

Actions By nature, actions on the world may be considered ‘technological’; that is, 
purposeful actions that may bring about changes desired by individuals and/or 
groups. Creating technologies/inventions is a complex activity, often involving 
simultaneous consideration of many often interacting variables. It does draw on 
information from the world (World → Sign), but then needs to use that information 
in ways that achieve the desired outcomes (Sign → World). Because technologies 
tend to be developed for specific contexts of use (e.g., wheel chairs for people of 
certain sizes, etc. and meeting certain legal standards), those carrying out techno-
logical change/action need to know the world into which the technology/invention/
action will be placed. Because these students chose local contexts for their research, 
they did—indeed—know a great deal about the context of use; that is, their school. 
As illustrated in Table 7.2, they appeared to draw, to a great extent, on both cultural 
and social capital (Bourdieu, 1986)—e.g., what you know and who you know, 
respectively—while making decisions about possibly-effective actions.

7.6  Conclusions and Scholarly Significance

It may be expected that a science teacher would allow more student-led technologi-
cal activities. There appears to be a tradition in school science of allowing applica-
tions of principles of science in terms of technology design challenges (e.g., Fortus, 
Dershimer, Krajcik, Marx, & Mamlok-Naaman, 2004)—despite arguments that 
technological developments often have preceded well-developed science knowl-
edge (Layton, 1993). Arguably, science education systems allow such student- 
directedness in technological design as long as canons of the sciences (e.g., 
widely-accepted laws & theories) are protected as part of an apparent Platonic 
Legacy (Lewis, 1995)—perpetuation of dependence on potentially self-interested 
abstract rulings from so-called Philosopher Kings. Nevertheless, contributions of 
such student-led, holistic, technology design/action development to the depth of 
students’ commitments to research-informed and negotiated actions must be appre-
ciated. Several students in this project acknowledged this contribution. About 
depth of learning, for example, Hal said that self-directed learning and being able 
to use his personal knowledge is about “being able to pioneer your own ideas. … 
Right now, I can grab my science textbook and learn everything about grade 10 
curriculum, but I am not going to know it a year from now. In this class, we learned 
to take the knowledge and act, make a difference, talk to people, help” (Dec. 16, 
2011). Sidney added that “[i]t sticks with you” (Dec. 16, 2011) and, later, that:  “[e]
xperience always stays with you, whereas book [learning] always goes away after 
you are done the subject [course]. It’s better to [use book and personal knowledge], 
which is what we did with these action projects” (Apr. 23, 2012). Indeed, as Sidney 
suggested, associated with depth of learning was personalization—which, again, 
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makes sense in terms of our arguments regarding the importance of learner engage-
ment in decisions about reciprocal relationships between phenomena and their rep-
resentations (Wenger, 1998). Several students made comments in this regard. Hal 
said, for instance, that RiNA projects allowed them to “take in knowledge and then 
… do something with it,[ which he felt was less likely than when just learning from 
books]” (Apr. 23, 2012). Concurring, Zoë added: “In school, we most learn sub-
jects that are dedicated to facts and a system. There are always certain rules you 
must follow, whether it is with math or with English [courses]. Whereas, with this 
project, we got more freedom—and we could use our own personal knowledge” 
(Apr. 23, 2012).

What was not expected in this case was the contextualization of primary research 
that occurred in Mirjan’s class, despite his emphasis on quantitative correlational 
studies, and its apparent contribution to the depth of students’ commitment to 
research-informed and negotiated actions we perceived. Evidence cited above sug-
gests that students’ more holistic take on primary research—such as by drawing on 
their personal discussions with students about their shower times—was a significant 
contributor to their motivations. There are, perhaps, many ways this effect may be 
explained. However, a schema again drawing on ideas about relationships between 
phenomena and their representations seems to help. As depicted in Fig. 7.5b, it may 
be that the deepest and most committed learning occurs in the ‘research’ phase 
(World ➔ Sign in Fig.  7.5a) when representations are the least abstracted and, 
therefore, have the most detail. Although it is not shown in the schema, by this logic, 
results of correlational studies (as ‘Tables, Graphs’) may engender less commitment 
and depth of learning than various, student-led, qualitative descriptions and anec-
dotes—such as that girls may take longer showers to allow for shaving of legs, etc.

Overall, findings of this study contribute to our growing understanding of factors 
influencing students’ research-informed and negotiated actions on STSE issues. 
Students’ social correlational studies in a school science context appeared to signifi-
cantly influence their motivation to act and their action foci. But, perhaps more 
importantly, the relative freedom of choice students were afforded in their projects 
seemed to lead them to expand the scope of their research beyond the relatively nar-
row foci of quantitative correlational studies. Students’ motivation to act seemed to 
be enhanced by their decision to spontaneously use prior notions and collect quali-
tative information about their contexts of actions; that is, their school. This conclu-
sion appears to challenge the traditional emphases in school science on quantitative, 
reductionist, science research; and emphasis that may be part of the ancient adher-
ence to conceptions of society depicted in Plato’s Republic.
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Chapter 8
Epistemic Contributions to Students’ 
Autonomous Socioscientific Actions

Larry Bencze  and Mirjan Krstovic

8.1  Introduction

A major trend in science education over the last several decades has been to engage 
students in consideration of socioscientific issues (SSI); which may be considered 
controversies around potential problems facing individuals, societies and/or envi-
ronments associated with fields of science and technology. This movement has not, 
however, been able to make significant inroads into dominant goals and practices in 
science education. School science systems have tended to prioritize instruction and 
assessment/evaluation in ‘products’—such as laws and theories—of fields of sci-
ence and technology. Elaborate attention to potential problems associated with 
these fields may detract from dominant programmatic agendas. There does seem to 
be hope for further implementation of SSI education through, for example, engag-
ing students in conduct of research that may yield results that motivate them to learn 
more about issues and, perhaps, take actions to address them. In this chapter, we 
share results and conclusions of efforts—based on the ‘STEPWISE’ pedagogical 
framework—to enhance research-informed and negotiated action projects of stu-
dents by engaging them in reciprocal relations between action projects and meta- 
analyses of them.
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8.2  Socioscientific Issues Education and Actions

Although it continues to be taught alone, particularly in secondary schools, there 
have been efforts over several decades to encourage teachers to integrate other sub-
jects with science. One such movement, ‘STSE’ education, involves lessons and 
activities to relate fields of science and technology and societies and environments 
(Pedretti & Nazir, 2011). Students may, for instance, be taught that norms of prac-
tice in the sciences—including skepticism and objectivity, for instance—have 
sometimes been influenced by non-scientist individuals/groups (Ziman, 2000). 
Perhaps the most popular movement in relating science to other fields, however, is 
to engage students in considering so-called socioscientific issues (Sadler, 2011)—
such as controversies regarding government (de-)regulation of food manufacturing 
companies. Very often, while negotiating decisions with peers, students are expected 
to weigh conflicting data and claims and develop personal reasoned defences of 
their position(s) on issues (Levinson, 2013). There are numerous socio-scientific 
controversies, and evidence suggests that engaging students in making personal rea-
soned decisions about them has led to some significant learning gains—including, 
for instance, development of socioscientific reasoning skills (Sadler, Barab, & Scott, 
2007); learning of products of science (e.g., laws & theories) (Venville & Dawson, 
2010) and, learning about the nature of science (Khishfe & Lederman, 2006).

Asking students to make personal choices about SSIs may benefit them in vari-
ous ways, but it seems limiting on a social level. In representative democracies, citi-
zens educated about socio-scientific controversies may be in good positions to, for 
instance, vote for candidates who would represent their informed positions (Wood, 
1998). Such a system seems appropriate and, clearly, has numerous examples 
worldwide. However, there are suggestions—from scholars and others—that societ-
ies (and environments) could benefit from more participatory forms of democracy. 
Rationale for greater citizen engagement in public affairs are complex and varied; 
but, in terms of science and technology, major concerns often emphasize issues sur-
rounding private sector financial agreements with scientists, engineers and other 
related professionals (along with institutions employing them). At least in part, sci-
entists and engineers with financial ties to private sector interests have been known 
to compromise topic choices, research methods and dissemination approaches 
(Krimsky, 2003; Mirowski, 2011; Ziman, 2000). Associated with such compro-
mises, in turn, appear to be numerous potential (and realized) harms linked to vari-
ous commercial products and services—such as: genetically-modified foods, etc. 
(Kleinman, 2003; household cleaning and hygiene products (Leonard, 2010); pesti-
cides (Hileman, 1998); tobacco (Barnes, Hammond, & Glantz, 2006); and, pharma-
ceuticals (Angell, 2004). Many people also expect serious potential personal, social 
and environmental problems associated with dramatic increases in average global 
temperatures that often are linked to excessive fossil fuel uses (Klein, 2014). While 
such potential and realized harms linked to government-supported business-science 
partnerships seem to exist, it is sometimes difficult for citizens in representative 
democracies to make informed choices regarding them. There is evidence to  suggest, 
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for instance, that private sector interests (e.g., financiers & companies) have paid 
scientists and engineers and others to discredit findings of other scientists and engi-
neers that would problematize various commercial products and services, including 
those relating to petroleum, nuclear energy, pesticides/herbicides, tobacco and 
weaponry (Oreskes & Conway, 2010).

In light of such concerns as government-sponsored private sector ties with fields 
of science and technology, many scholars and others are urging school science sys-
tems to encourage and enable youth to develop expertise, confidence and motivation 
to critically evaluate fields of science and technology and their relationships with 
societies and environments and to develop and implement informed actions to 
address potential/realized harms they perceive (Bencze & Alsop, 2014; Hodson, 
2011; Levinson, 2010; Santos, 2009). Promoting such critical and activist science 
education is, however, likely to be very difficult. School science systems—includ-
ing governments, educational researchers, textbook publishers, school and school 
system administrators, science teachers, etc.—tend to prioritize instruction in ‘prod-
ucts,’ such as laws and theories, of fields of science and technology. Such teaching 
is relatively easy, in the sense that it involves presenting to students, in various 
ways, convenient ‘packets’ of information (e.g., the human heart pumps oxygenated 
and de-oxygenated blood out to the body and lungs, respectively, at regular inter-
vals)—students’ knowledge of which can then be relatively-easily assessed and 
evaluated. Moreover, attention to STSE issues can call into question idealized 
images of the nature of science; e.g., that it is highly-efficient, unbiased and unprob-
lematic for societies and environments (Allchin, 2003), which often are associated 
with didactic focus on products education (Hodson, 2008, 2011). Indeed, it is appar-
ent that efforts to enlighten students about potentially problematic aspects of the 
nature of science often are met with resistance (Crawford, 2007; Hodson, 2008). 
Arguably to protect the positive image of science (and technology), for example, 
school science systems rarely make reference to problems associated with business- 
science partnerships (Carter, 2005). Consequently, promotion of many kinds of 
actions—such as petitions to power-brokers—to address STSE issues, regardless of 
the perceived causes (e.g., business-science partnerships), are rare in school sci-
ence. As Hodson (2003) said, “[i]t is almost always much easier to proclaim that 
one cares about an issue than to do something about it!” (p. 657; emphases added).

8.3  Research Context & Methods

8.3.1  Research Context

Since 2006, research groups led by Larry (first author here) have studied educators’ 
efforts to encourage and enable students to develop and implement actions to 
address STSE issues based, in part, on their self-directed research. This work has 
drawn, to a great extent, on the ‘STEPWISE’ (Science & Technology Education 
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Promoting Wellbeing for Individuals, Societies & Environments) theoretical frame-
work. Refer to Chap. 2 here (and www.stepwiser.ca) for more detail about this 
framework. Briefly, while acknowledging co-dependence of various learning 
domains (i.e., ‘Products Education’ ←→ ‘Skills Education’), this framework priori-
tizes ‘STSE Actions’—which, like all of the other domains in the framework, 
depends on (and affects) all other domains in it. Among other things, this implies 
that, in essence, students would—when taking social actions intended to improve 
wellbeing of individuals, societies and environments be—‘spending’ some of their 
cultural and social capital (e.g., science literacy) on actions to bring about a better 
world. This is intended to orient STEPWISE towards altruism.

Two major features of STEPWISE should be stressed; that is, its emphasis on: i) 
critical STSE education, particularly in terms of encouraging students to consider 
potential problems for WISE due, at least in part, to decisions made by powerful 
people and/or groups about fields of science and technology; and ii) student-led 
primary, as well as secondary, research to possibly inform their decisions about 
social actions to address STSE issues. Justification for the first feature is given 
above and in other publications (e.g., Bencze & Carter, 2011), which also provide 
rationale for encouraging student-led research as a basis for actions. However, some 
additional rationale given here for this latter feature may help readers. Because there 
is not strong traditions of promotion of student-led socio-political actions in school 
science (refer above), students are likely to need added incentive to carry out such 
activities. In our work, we have found that students can become motivated to act on 
STSE issues if they have been encouraged and enabled to self-direct research (‘pri-
mary’ [e.g., correlational studies] and ‘secondary [e.g., Internet searches]) to learn 
more about the issues (Bencze, Sperling, & Carter, 2012). This tack is based on 
knowledge duality theory (Wenger, 1998); that is, that students are likely to develop 
deep commitments to issues and actions if they strongly influence reciprocal rela-
tions between phenomena (e.g., citizens’ views of consumer products) and repre-
sentations of them (e.g., survey data; and, later, educational posters).

Among teachers working with Larry to explore implementation possibilities of 
STEPWISE, Mirjan Krstovic (second author here) stands out in terms of his longev-
ity with the project and close working relationship with Larry. After taking an online 
course instructed by Larry in history, philosophy and sociology of science, Mirjan 
asked to work with him to study students’ conceptions of the nature of science. 
After meeting each other face-to-face for the first time, we agreed that one approach 
to this goal may be to encourage and enable students to, eventually, self-direct 
research-informed and negotiated action (RiNA) projects to address STSE issues of 
their concern. Our reasoning was, in part, that the nature of science clearly includes 
research and negotiation; but, as well, could include socio-political actions informed 
by research findings. We began our collaboration in the September of 2011, with 
Mirjan developing lessons and student activities surrounding the STEPWISE peda-
gogical schema given in Fig. 8.1. This schema was derived from work with other 
teachers, who found its linear approach more feasible in terms of teaching/learning 
conditions in schools than the arguably more theoretically sound tetrahedral version 
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(Chap. 2, in this volume) of STEPWISE (Bencze & Carter, 2011). Briefly, the 
schema involves providing students with ‘apprenticeship’ lessons and activities that 
are aimed at helping them develop expertise, confidence and motivation for self- 
directing RiNA projects. Further details of this approach are provided in Chap. 2 of 
this volume. As Mirjan used this approach to encourage student-led RiNA projects, 
Larry served as ‘researcher/facilitator,’ asking Mirjan about his instructional plans 
and corresponding student achievements—and, at Mirjan’s request, providing him 
with teaching/learning suggestions.

The study reported here draws from our experiences with implementing the ped-
agogical schema in Fig. 8.1 during the second semester (Feb. – June, 2012), which 
was Mirjan’s second attempt at using this approach. In his first attempt, he had 
decided that his students were not ready to self-direct RiNA projects—partly 
because he had started the process late in Sept. of 2011 and partly because it was his 
first effort at such teaching/learning practices. Consequently, for his second attempt, 
he committed himself to developing pedagogical strategies that may help students 
to self-direct RiNA projects. Approaches that Mirjan developed, in consultation 
with Larry, are discussed below—under ‘Factors Contributing to Outcomes.’ Our 
research goals were to document and evaluate the extent of students’ self-directed 
RiNA projects and explain such outcomes through reference to relevant theories.

Fig. 8.1 STEPWISE pedagogicalschema
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8.3.2  Research Methods

To achieve our research goals, Larry conducted data-collection and analyses having 
rationalistic and naturalistic characteristics (Guba & Lincoln, 2011). 
Rationalistically, for example, students’ ongoing motivation to act on issues was 
tracked. Naturalistically, data were collected that enabled emergence of unexpected 
situational outcomes. Data collected from 14 students in a tenth-grade ‘academic’ 
(for university qualification) stream science class and Mirjan included:

• Project Work Artefacts: Samples of products generated by students were col-
lected, including: issue descriptions, research plans, data collected, written 
reports, project reflections, action plans and forms of action (e.g., posters, peti-
tions, videos);

• Project Instructional Materials: Copies of Mirjan’s teaching materials (e.g., 
handouts, videos, PowerPoint™ presentations, and internet site web addresses) 
were made;

• Digital Recordings of Students’ Project Work: Photographs (23) and videos (16 
for each of the 7 groups) were produced depicting youth presenting and defend-
ing their forms of action in public fora (e.g., to fellow students within and outside 
of class).

• Semi-structured Interviews: Five volunteering students were interviewed twice, 
near the beginning and end of the course. Questions focused on their views about 
issues, research & actions. Mirjan was interviewed 11 times for about 60 minutes 
each about project progress. All interviews were audio-recorded and later 
transcribed.

Regarding analyses, each of us coded data for categories and then developed 
encompassing themes—using constant comparative methods based on constructiv-
ist grounded theory (Charmaz, 2014). Categories and themes were then negotiated 
between to achieve consensus (Wasser & Bresler, 1996). Member checks with par-
ticipants were conducted to help ensure trustworthiness of claims, each of which 
was based on at least three supporting data sources.

8.4  Results & Discussions

8.4.1  Preamble

Mostly adhering to the framework in Fig. 8.1, Mirjan was able to get students in his 
tenth-grade academic-stream science class to complete what he considered very 
successful self-directed social actions projects—based, to a great extent, on finding 
of their primary and secondary research—to address STSE issues of their concern. 
Again, this appears to be an exceptional achievement (Bencze & Carter, 2011). In 
collaboration with Larry, Mirjan found ways to cede considerable amounts of con-
trol of research-informed and negotiated activism to students. In the following 
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sub-section, examples of students’ RiNA projects as they progressed through the 
course are provided—to illustrate their achievements and as a basis for analyses of 
factors apparently contributing to them, the latter of which is provided in the second 
sub-section below.

8.4.2  Progress Towards Student-Led Research-Informed 
Actions

As illustrated in Fig. 8.2, Mirjan began his efforts to promote student-led research- 
informed and negotiated actions on STSE issues with apprenticeship activities 
intended to help students to develop (or enhance) expertise, confidence and moti-
vation for such autonomous projects. Although he felt that the science department 
in which he worked had a history of practices aligned with some STEPWISE prin-
ciples, he also believed his students had relatively little experience in several 
aspects of it—particularly in terms of self-directed primary research, a situation 
commonly- found in many secondary school contexts. Like many secondary school 
science teachers, those conducting other sections of the same tenth-grade science 

Fig. 8.2 Students’ climate change actions
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course that semester in his school were not promoting RiNA projects on STSE 
issues. By the end of the first unit—i.e., Climate Change (MoE, 2008)—of the 
course, however, seven student groups (each with 3-4 members) had completed a 
RiNA project to address particular potential contributors to climate change. Topics 
addressed included: garbage accumulation/incineration and limits to recycling (2 
groups); non-local food sources; students’ internet usage; students’ school-home 
transportation practices (2 groups); and, students’ water consumption practices. 
Both groups of students who studied peers’ transportation choices found, for 
example, that girls are more likely to be driven to and from school than boys. Using 
this finding, one group developed, for example, an informational pamphlet pro-
vided in a colourfully- decorated box (Fig. 8.2a) that they situated in the school’s 
students’ services office, while the other group produced an informational video 
(Fig.  8.2b) modelled after those generated by RSA-animate (www.thersa.org/
events/rsaanimate). Meanwhile, included among another student group’s actions 
was a colourfully-designed ‘t-shirt’ (Fig. 8.2c) with messages urging fellow stu-
dents to consider their amounts of Internet use.

In reviewing/evaluating students’ projects (from their classroom presentations 
and written reports), Mirjan indicated that he was very satisfied with students’ uses 
of primary and secondary research (both with teacher support) in informing actions 
relating to climate change; the latter as being very student-led, he felt were very 
creative. About the t-shirt with the messages about Internet uses, for example, he 
said this to the class: “Did everyone see that shirt? They did a really great job of 
making it colourful and appealing” (March 23, 2012). On the other hand, Mirjan felt 
that, generally, students’ conceptions of STSE issues were somewhat limited—
since they mainly thought of them in a negative way, as ‘problems’ for the wellbe-
ing of individuals, societies and environments (WISE). For instance, he said: “Many 
students understood that an issue as something that is a ‘problem’ and that there are 
negative side-effects associated with an issue. … [N]o one stated explicitly that an 
issue is a controversy that involves the pros and cons” (July 10, 2012). Perhaps 
associated with a focus on potential harms for WISE, most of the students’ actions 
were relatively local; that is, education aimed at fellow students in the school. One 
exception was some students’ actions aimed at ‘friends’ connected to social net-
work websites, like those on Facebook™, or general users of YouTube™ (in the 
case of students’ video actions). Overall, their actions were local, mainly aimed at 
peers and friends—and, associated with this, not much aimed at people or groups 
apparently strongly-influencing decisions linked to potential or realized climate 
change (Klein, 2014).

Somewhat satisfied with students’ initial (guided) research-informed action proj-
ects, Mirjan—in consultation with Larry—made a few adjustments for the second 
set of RiNA apprenticeship activities. Addressing the curriculum unit, Light & 
Geometric Optics (MoE, 2008), students were given brief outlines of four issues 
from which to choose; that is, (i) Privacy invasion (e.g., as it related to surveillance 
cameras), (ii) Commercial advertizing (e.g., involving use of semiotic messages), 
(iii) Laser eye surgery (e.g., with possible negative side-effects) and iv) Consumer 
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electronics (e.g., involving qualities of flat-panel TVs). Students were asked to con-
duct secondary (first) and primary research and consider using findings to develop 
actions to address issues they determined and they were given considerable freedom 
in their choices. Students were, then, asked to report results of their work in two 
contexts; that is, (i) in-class, with opportunities for classmate and peer feedback, 
and (ii) in a school hallway, with summaries of their work given on display boards 
(as used in science fairs) and opportunities for feedback from teachers and students 
(beyond their class). In reviewing the project reports, Mirjan had three broad con-
clusions. First, with regards to STSE issues, many of the students did seem to 
emphasize controversies resulting from decisions by powerful individuals or groups. 
For example, one of the students whose group had explored issues associated with 
advertising said, “[What advertizers say] “is not true and they know it is not true. [It 
is meant to get consumers to] buy the product” (Class presentation, March 26, 
2012). Meanwhile, a member of the group who studied common uses of surveil-
lance cameras in public places, made reference to the concept of the Panopticon 
discussed by Foucault (1977) as perhaps problematic control of citizens by authori-
ties. Mirjan subsequently asked his class if their presence indicates less societal 
trust in people. A student responded: “It is a controversial issue. Some people would 
agree with you that it is a problem [that we have such surveillance. They might ask,] 
‘Why do we need cameras watching our every movement? It is my right not to be 
seen by the government.’ But, other people have safety concerns[, thus approving of 
surveillance].” One girl offered that the increased level of violence in movies has 
caused society to “be paranoid[, thus accepting surveillance]” (March 26, 2012).

While Mirjan felt that students in his class had developed more sophisticated 
conceptions of STSE issues, he concluded, however, that their expertise in primary 
research and action choices still needed development. Regarding primary research, 
Mirjan said: “Although most felt that they had confidence in their secondary 
research, not many students understood what is meant by a valid study. The con-
cepts of independent, dependent, control variables and sample size needed to be 
revisited before the students engaged in the last STSE action project. On the positive 
side, most students understood the difference between a study and an experiment” 
(July 10, 2012). For example, after hearing about students’ research into peers’ 
interpretations of advertizing that have had product-identifying information 
removed (Fig. 8.3), Mirjan said: “It is a very biased study—right?—with only 10 
males and 10 females. How would we make this more valid and reliable?” (March 
25, 2012). Meanwhile, despite students’ relatively sophisticated views about STSE 
issues, acknowledging controversies involving decisions made by powerful indi-
viduals/groups, their actions—although often creative, such as in production of 
attractive and informative posters and videos (including another in ‘RSA Animate’ 
style)—continued to be largely aimed locally and not at powerful others. Referring, 
for example, to a very large poster made by a group who had studied semiotic mes-
sages in advertizing, Mirjan said in his written feedback to them: “Actions were 
adequate (posters). I wonder if they made a difference in any way” (March 27, 
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2012). By his latter comment, he was alluding—as he stated in a later interview 
(May 10, 2012)—to students’ lack of attention to influential individuals/groups. 
While this may be a legitimate concern, Gramsci (2007) suggests that ‘counter- 
hegemonic’ actions—such as alerting the public to ways in which they may be 
unconsciously conditioned to accept perspectives and preferred practices of domi-
nant classes—often are necessary in democratic societies.

To address his concerns regarding students’ progress in self-directing effective 
research-informed and negotiated actions to tackle STSE issues of their concern, 
Mirjan—in consultation with Larry—implemented a set of ‘nature of RiNA’ reflec-
tion activities. These occurred after students had completed two apprenticeships (on 
climate change and optics), at the beginning of the third (basic chemical change) of 
four course units. In connection with these activities, Mirjan introduced the final 
RiNA project—one that was to be self-directed by students and dealing with the 
fourth unit of the course (Tissues, Organs, and Systems of Living Things). Along 
with other events and phenomena, these reflective activities appeared to contribute 
to students’ eventual successes with self-led RiNA projects discussed below (under 
Factors Influencing Outcomes). Briefly, a major factor contributing to students’ suc-
cesses with RiNA projects appeared to be implicit and explicit epistemic attention 
to such projects. Prior to this discussion, however, we provide a summary of the 
nature and extent of students’ final course RiNA projects and learning outcomes 
associated with them.

By the end of the course, students in Mirjan’s tenth-grade ‘academic’ science 
class had all—in seven teams—completed and defended an apparently much more 
independent research-informed and negotiated action project to address an STSE 
issue of their choice. The nature and extent of these projects, along with learning 
outcomes associated with them, are discussed below under the three broad RiNA 
categories emphasized by Mirjan with students. Some overall findings also are pre-
sented and discussed.

Fig. 8.3 Students’ study 
object for learning about 
advertizing
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8.4.2.1  Conceptions of STSE

Instead of thinking of STSE issues as ‘problems’ that, to a great extent, need techni-
cal fixes (e.g., moving recycling bins to a more prominent location), as they had 
initially, most of the students came to view issues as controversies surrounding deci-
sions by powerful people/groups. In several cases, students focused on power resid-
ing in companies and governments, as this quote from a student’s final report 
indicates:

Why aren’t people who have the power to actually do something about [side-effects of 
multivitamins] not doing anything at all to help others from harm? The answer is simple[; 
that is,] profit. People in power are the people who produce multivitamins and the govern-
ment. … Companies will not improve their product by finding a better way to produce these 
products since they are making money. …If [governments] wanted to, they could stop the 
production of bad products. Although they have the power to do so, they don’t make the 
effort to since they’re benefiting from these companies as well as since these companies 
share their profit with the government. … The reason why I think some vitamins harm 
people is because companies usually want to find the cheapest and fastest way to produce 
their product. When they find a way to do so, they don’t concentrate on the negative effects 
bit[;] instead think about the profit they will make. … For example, instead of making all- 
natural vitamins, companies decide to play around with chemicals and find a solution that’s 
much cheaper than extracted vitamins from real foods (‘Randi,’ June 19, 2012).

8.4.2.2  Research Expertise

In addition to the usual secondary research, about which they had considerable 
expertise (e.g., knowing to triangulate claims from the Internet), students conducted 
correlational studies with reasonably-large sample sizes. As ‘Nancy’ said in her 
final RiNA report of her team’s study of peers’ understanding of issues surrounding 
ultrasound diagnostic tests, “[o]ur survey had a good sample size of about 100 peo-
ple, 50 males and 50 females” (June 19, 2012). One of the two graphs produced by 
her team from this study is provided in Fig. 8.4. Their conclusion, which Mirjan 
evaluated to be reasonable, was: “There is no real co-relation between gender and 
perception of ultrasound … [but] … a significant number of females (38% were 
aware of the long term effects of ultrasound than males (16%)” (Final Report, 
Nancy, June 19, 2012).

8.4.2.3  Action Expertise

Compared to projects these students completed earlier and those completed by stu-
dents in Mirjan’s first semester, actions students developed for their last project 
were more diverse (e.g., pamphlets & YouTube™ videos), less local (e.g., beyond 
the school) and more often aimed at powerful actors (e.g., drug companies). A brief 
summary of each team’s actions is provided in Table 8.1. For example, rather than 
just displaying posters within their school, as had been their practice in the previous 
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Fig. 8.4 Students’ research results about ultrasound

Table 8.1 Students’ third RiNA project topics

Ultrasound Smoking I Smoking II Snack food
Energy 
drinks

Multi 
vitamins GM foods

Poster, 
which they 
placed in  
the school

Poster Developed 2 
posters and 
distributed it 
to where 
people buy 
cigarettes

Made 3 posters 
and placed 
them in 
different local 
food outlets; 
and talked to 
people about 
snack foods

Petition 
with 500 
signatures 
sent to 
Energy 
Drink 
companies

2-part video 
on YouTube 
(role- 
playing)

Letter to 
Greenpeace

Different 
letters sent 
to a website 
used by 
expectant 
mothers

Petition 
sent to 
Mayor

Developed  
an anti- 
smoking 
Facebook 
page

Talked to peers 
and families 
about snack 
foods

Created a 
lesson plan 
for PhysEd 
teachers

Brochure  
that they  
used to talk  
to peers and 
people at  
drug stores

YouTube 
video (like 
RSA 
Animate)

Brochure, 
which they 
used in 
speaking to 
women at 
maternity 
stores

Talked 
directly to 
students and 
store 
0patrons

Sent letter 
to Health 
Canada

Wrote 
suggestions 
on  
Centrum’s 
Facebook 
page
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two projects, the group that studied fast foods, displayed them in stores where peo-
ple purchase the items and, moreover, discussed consumers’ purchases with them. 
One of the students related a story, for instance, of a reason given by a child (who 
was with his parent) for his snack food choice; that is, that the item’s container dis-
played a Spider Man™ image. When discussing issues with people in such com-
mercial contexts, some students seemed to note that an issue regarding power was 
that ‘front-line’ actants—such as store clerks—may not be willing participants in 
generation of potential problems, perhaps because of their alienation from major 
decisions about products ‘they’ sell. A student who had asked a store clerk to speak 
on video camera about energy drinks, said:

They said ‘no’ because, they don’t know what they are selling, they don’t know anything 
about energy drinks, they don’t know how it effects the body. So, basically, they have no 
idea about what they are selling (June 18, 2012).

Meanwhile, students who had taken their actions more directly to powerful decision- 
makers, seemed to experience alienation of a different kind; that is, lack of response 
to their critical comments/questions. Little occurred, for example, in response to a 
group’s note on the Centrum™ Facebook™ page promoting exclusive use of natu-
ral vitamins in multivitamins and in response to five different letters sent—which 
the group thought would be more effective than a single letter—by another group to 
a website (BabyCenter, Canada [www.babycenter.ca], a private company) used by 
expectant mothers. Similarly, the Ministry of Health in Canada did not respond to 
students’ petition with 500 signatures on it recommending the following:

Stop advertising to youths and cut down the production of energy drinks. Many adolescents 
are being impacted, and some have died because of overdose of energy drinks[,] mostly 
from Monster[™] and Rockstar[™]. Also, many people suffer from horrible with-drawl 
[sic] symptoms from the drink, as well as negative effects both mentally and physically 
(Report, June 19, 2012).

The main responses students received from their actions were, besides that from 
people in the school or in commercial outlets they talked directly to about issues, 
from people who viewed activist videos several of these student uploaded to 
YouTube™, such as the role-playing scenario (www.youtube.com/
watch?v=EaiNh6ys8XQ) a group of students produced about multivitamin uses 
(with nearly 80 ‘views’) (refer to Fig. 8.5).

In association with the expertise demonstrated by many of the students in 
Mirjan’s class was the apparent general view that research-informed and negotiated 
actions on STSE issues was a worthwhile component of a science course. A student 
working in a group investigating and acting on cigarette smoking, for example, 
summarized his group’s sentiment about their project by saying: “More people [stu-
dents] should do this [RiNA] because … What’s the point of having knowledge [as 
in book learning] if you can’t do nothing [sic] with it?” (Interview, June 20, 2012). 
Moreover, given such positive views about RiNA, it seemed that students had—over 
the course of three such projects—developed significant self-efficacy (Bandura, 
1997) towards conduct of these kinds of projects. Such feelings of autonomous 
control did seem to be manifested in students’ apparent new-found identities—as 
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expressed by ‘Nancy’, whose group had investigated ultrasound, in the beginning of 
the letter she wrote to a website aimed at expectant mothers: “I am a student and a 
young activist” (June 19, 2012).

8.4.3  Factors Influencing Outcomes

8.4.3.1  Myriad Factors

In theory, promotion of research-informed and negotiated actions on STSE issues 
should be relatively-easy in schools within the Canadian province of Ontario—the 
jurisdiction governing Mirjan’s teaching. In its latest science curriculum document 
(MoE, 2008), STSE education is listed first (instead of 3rd, as in the previous cur-
riculum) among its three overall goals—which also makes provision for student- 
focused science investigations and social actions on issues. Mirjan acknowledged 
that this official mandate for RiNA was essential for his promotion of it (Written 
reflection, July 10, 2012). Having said that, it seems clear teachers’ instructional 
decisions depend on myriad situational variables—often co-affecting each other 
(Latour, 2005). For instance, we must consider the nature of the larger society, the 
curriculum, the teacher, textbook publishers, school district administration, the 
school and its infrastructure and colleagues and staff, parents, students, etc.

Despite the complexity and associated uncertainty in precisely-determining fac-
tors affecting student learning outcomes, it seems clear that a major factor enabling 
them to develop and implement RiNA projects to address critical STSE issues is the 
teacher in this case. At the time of this research, Mirjan was a graduate student 
studying for a Masters of Education degree focusing on science education. He had 
participated in and led several workshops in science education, was a member of a 
‘professional learning community’ within his school district (regularly collaborat-
ing with other teachers) and (still) maintains an online educational blog highlighting 
his ongoing thoughts about education. His views about society and science and 
technology, moreover, seemed highly congruent with perspectives and preferred 

Fig. 8.5 Students’ 
role-playing action video
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practices inherent to STEPWISE. On the Scientific Theory Profile (Loving, 1991), 
for instance, it is apparent that he holds positions that adhere to ‘Naturalist- 
Antirealist’ (NA) views about science—which, in contrast to ‘Rationalist-Realist’ 
views, suggests that knowledge generation in the sciences may be affected by fac-
tors beyond logic, including: societal cultural values, socio-economic factors, a sci-
entist’s gender, religion, theoretical perspectives, personal biases, etc. and that 
scientists’ claims can only be approximations of reality. With such views, teachers 
may be more comfortable encouraging students to challenge the integrity of fields 
of science (and technology) than if they adhered to Rationalist-Realist views—since 
NA views acknowledge the fallibility of science (and technology), as seems appar-
ent in business-science partnerships (Krimsky, 2003; Ziman, 2000). While this may 
be the case, it also is apparent that teachers sometimes struggle enacting their per-
spectives about science when working with colleagues holding opposite views 
(Hodson, 2008). Mirjan assured Larry, however, that his teaching colleagues were 
very supportive of his views and his efforts to improve his science teaching. This 
gave him considerable confidence in enacting a major new framework with 
students.

8.4.3.2  Epistemic Factors

As discussed above, Mirjan implemented two sets of apprenticeship activities, fol-
lowing the schema in Fig.  8.1, before asking students to conduct a self-directed 
RiNA project to address an STSE issue of their choice. This approach has been 
used—with some successes—in educational contexts with teachers and students 
(Bencze et al., 2012; Sperling & Bencze, 2010) and with student-teachers (Bencze 
& Sperling, 2012). It seemed to, again, work for students in Mirjan’s class—all of 
whom were able to complete generally (refer below for qualifications to this claim) 
self-directed RiNA projects. Indeed, students indicated that the apprenticeship 
activities did help them to become more comfortable with RiNA project work. 
When asked if he and classmates were nervous without much teacher guidance for 
the final project, for example, ‘Ken’ said, “We did it [RiNA projects] enough times 
before [the final project] that we knew how to do,[ for example,] a survey, knowing 
what kinds of questions to ask” (Interview, June 20, 2012).

The apprenticeship that Mirjan conducted during the semester studied here had 
at least one important modification from previous uses of it—a modification that 
may have influenced students’ expertise and motivation for research-informed and 
negotiated actions on STSE issues. Broadly, new emphasis was placed on students’ 
epistemic agency (Damsa, Kirschner, Andriessen, Erkens, & Sins, 2010); that is, 
students’ self-directedness of decisions and actions associated with understanding 
of the nature of their thoughts and actions. This is a process similar to metacogni-
tion; that is, thinking about and planning one’s thinking/learning (Niemi, 2002). In 
that sense, it involves cycles of these reciprocal relations: RiNA Projects ←→ 
Nature of RiNA Projects. With this broad conception in mind, we can consider it in 
more detail as depicted in Fig. 8.6. In this theoretical framework, ‘RiNA Projects’ is 

8 Epistemic Contributions to Students’ Autonomous Socioscientific Actions



156

expanded to suggest that they involve cycles of reciprocal relationships between 
phenomena of the ‘World’ and representations (‘Signs’) of them (Roth, 2001). More 
specifically, research into STSE issues would involve translations from phenomena 
(e.g., an STSE situation, like a business-science contract) into representations of 
them (e.g., drawings, written statements, and abstract concepts, like ‘efficient,’ etc.). 
Actions would, in turn, first involve thinking of new representations (e.g., a poster 
and video about business-science contracts that may circulate among people and 
groups to bring about revisions to such contracts; that is, ‘New STSE Situations’). 
New STSE Situations could, in turn, be represented and the above cycle repeated. 
This series of cycles may not, however, change significantly without an additional 
second loop; that is: RiNA Projects ←→ Nature of RiNA Projects. Like ‘double- 
loop learning,’ metacognition in which people examine the nature of their thinking 
and acting and possibly revise assumptions about them—possibly leading to 
improved learning (Argyris, 2002). For example, as illustrated in Fig. 8.6, students 
may find (or be told) that one can do experiments or studies when researching STSE 
issues (RiNA → Nature of RiNA Projects). Possibly, such awareness may lead them 
to conduct investigation types (e.g., studies) that had not previously-considered 

Fig. 8.6 Detailed model for RiNA projects ←→ nature of RiNA projects
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(Nature of RiNA Projects → RiNA Projects). As also depicted in Fig.  8.6, such 
metacognitive acts can occur within different learning domains, including, but not 
limited to: Nature of STSE Issues; Nature of Research; and, Nature of Actions. We 
found examples of these in this research, some of which are given in Fig. 8.6, while 
others are given below in the context of discussions surrounding learner control.

A key element of epistemic agency is, by definition, learner control. Greater 
epistemic agency implies more learner control, particularly in terms of the learner’s 
conceptions of the nature of that learning (Damsa et al., 2010). This is supported by 
knowledge duality theory, as described by Wenger (1998)—who suggested that peo-
ple may develop deep understanding and commitment to their learning if they are 
personally-engaged in decisions about reciprocal relationships between phenomena 
of the world and representations of them. Therefore, it may be that the extent to 
which students had control over decisions about reciprocal relations in Fig.  8.6 
could be key to their epistemic agency. In reviewing data from this study, although 
students’ third RiNA project (World ←→ Sign) was meant to be largely, if not 
wholly, student-led (Fig. 8.1), it is apparent that students’ control of decisions indi-
cated in Fig. 8.6 was shared—to varying extents—with the teacher (Mirjan). This 
appeared to be the case for both RiNA projects (with World ←→ Sign translations) 
and for RiNA Projects ←→ Nature of RiNA Project translations. Given it is impos-
sible to document or share them all, examples of decisions mainly made by the 
teacher and students for each kind of translation are given in the sub-sections below:

RiNA Projects (i.e., World <----> Sign)

In reflecting on progress of students in his class, Mirjan concluded that some stu-
dents had not learned as much about RiNA as he hoped and/or had not conducted 
their projects soon enough or in sufficient depth. In this regard, he wrote:

What became apparent from the first two research-informed STSE action projects was that 
there was some variation in terms of the depth (and breadth) of learning amongst students 
in the same group and between different groups. This makes sense since the students had 
control over what information to learn; however, it was also easy for some students to do 
less work than intended, and as a result, gain less from these projects (July 10, 2012).

Consequently, Mirjan provided more ‘scaffolding’ than he perhaps would have 
liked—given his earlier-stated intention—for his second attempt at implementing 
STEPWISE—of helping his students to achieve self-directed RiNA projects. For 
example, to ensure topics had a critical edge to them, he gave students a list of (7) 
topics, including: Energy Drinks; Snack food labels; Smoking; Ultrasound; 
Multivitamins; Vaccines; Sun and skin cancer. Each topic title came with a brief 
description, such as this one for ‘Snack Food Labels’:

As consumers are increasingly mindful of their health, many companies are attempting to 
make their products seem more nutritious by including catch phrases like “whole grain”, 
“low fat”, “made with real fruit” and “organic” on their packages. A more careful look at 
ingredients and nutrition information reveals that many of these products are not as healthy 
as they might appear (Biology RiNA Assignment Supplement, June 4, 2012).
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These and the other six descriptions were written to help the students to focus on 
controversies, often between companies and those who may oppose some of their 
decisions. To help ensure such a focus, he then arranged a structured online forum 
for students to post results of their research that contained five fields, each with a 
leading research question or instruction:

• Clearly describe the STSE issue and the possible causes.
• Who are the powerful actors (people in power) that are influencing the issue? 

Explain.
• Clearly describe what you and your group already know about the issue.
• Briefly describe the science and technology involved in …Topic...
• List and describe 2–3 negative effects on the [separate sections for individuals, 

societies & environments]. Include references that you used to learn this 
information.

This guidance seemed to ensure students chose to focus on controversies regarding 
decisions about products and services often linked to companies and science and 
technology, examples of which are given above.

After they had completed their secondary research, students were asked to con-
duct primary research designed by them. These, too, involved some scaffolding. 
Attached to the general description of the RiNA assignment was a rubric for evalu-
ation of the completed assignment. Although students had considerable choice on 
details, this rubric was designed to help ensure their studies (or experiments, which 
none conducted) had features commonly-associated with professional inquiry, 
including this criterion: “Your investigation is valid and reliable (sample size is 
large enough, wide range of independent variables used where possible, etc.)” (June 
7, 2012). Such guidance, in addition to that described below regarding the RiNA 
reflection class, seems to have contributed to Mirjan’s conclusion that all student 
correlational studies had reasonably-high sample sizes—a major contributor to reli-
ability and validity in studies.

In terms of actions, the evaluation rubric also provided guidance. Sample criteria 
included: “Two different actions are proposed to deal with the STSE issue; … They 
target various groups including people in power” June 7, 2012). These were, as 
above, guidance in terms of setting parameters for RiNA while leaving decisions 
about details to students. Support for this claim beyond Mirjan’s statement of this in 
interviews was seen during students’ presentations about their final RiNA projects. 
Mirjan seemed genuinely surprised—not in any detectable evaluative way—at stu-
dents’ particular choices regarding STSE issues, their research about them and 
actions to address them.

RiNA Projects ←→ Nature of RiNA Projects

As discussed above, the apprenticeship (Fig. 8.1) that Mirjan provided during the 
semester about which we are reporting here featured a special focus on encouraging 
students to think about and possibly apply aspects of the nature of RiNA 
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projects—a possible contributor to their epistemic agency and ability and motiva-
tion to conduct RiNAs. Apart from the evaluation criteria provided in the assign-
ment sheets, along with Mirjan’s evaluative feedback on completed projects, a 
particular innovation that may have contributed to students’ expertise and motiva-
tion for RiNA may have been the 90-minute class devoted to student collaborative 
reflection on the nature of their previous two projects and ways in which their third 
project might be improved. This class began with students individually completing 
a survey, containing questions (with 5-point rating scale) for each of the three phases 
of a RiNA project, such as: “How confident are you that you understood the contro-
versy involved in the issue you studied? [STSE Issues]; … How confident are you 
in the results of your study? [Research]; … To what extent do you feel that your 
actions were targeted towards people in power? [Actions] (May 21, 2012). 
Afterwards, students were asked to share their responses in small groups. This, in 
turn, was followed by asking students to share their ideas about RiNA in a ‘com-
munity circle’ (a tack used by Mirjan on other occasions, for different purposes). 
Finally, students were given time to consider topics for the final RiNA project—dur-
ing which they also were invited to consider possibly applying ideas about the 
nature of RiNA gleaned from the earlier part of the class period.

Overall, students’ access to and application of Nature of RiNA Projects (refer to 
Fig.  8.6) were, as with their RiNA projects (World ←→ Sign), partly teacher- 
scaffolded, but student-led. These reflection-action cycles seemed to pertain to each 
of the three phases of RiNA defined by Mirjan (in consultation with Larry); that is, 
STSE Issues; Research; Actions. Students also explored ideas about the overall 
nature of RiNA.

One of the key aspects of the nature of RiNA that Mirjan wanted students to 
consider was possible problems due to decisions made by people/groups with 
power. During the reflection class, for example, he asked about this using an exam-
ple: “Who would be in favour of laser eye surgery?” Janice replied, “The doctors 
and surgeons who make the money [favour laser eye surgery]” (May 24, 2012). 
Later in this discussion, while students were applying their reflections to plans for 
their third project, it seemed clear that students were quite conscious of such issues 
of power. The following debate occurred among the students: Henry said, “Let’s say 
you’ve been studying all night and you forgot to sleep! You had a test the next day. 
You can use that energy drink to stay awake.” Carl retorted, “Say you are in univer-
sity, you have projects, tests and stuff [for which to prepare] every night for, like, 
two months – and you’re drinking those things [energy drinks] every night. Then, 
you have to look at the side-effects of that... It wouldn’t be good for you” (May 24, 
2012). Similarly, with regards to discussions about research, Mirjan was interested 
in ensuring students had what he considered useful conceptions of what he consid-
ered key aspects of it. The class emphasizing reflections on the nature of RiNA led, 
for example, to this response when Larry asked when students might choose studies 
over experiments:

I don’t know how to explain it. But, say you wanted to find out how smoking affects lung 
cancer, for a study, we would find people who smoked and we would ask them how many 
cigarettes they smoke a day. Whereas, if we did an experiment, we would give people the 
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smokes and say, ‘Smoke this [cigarette], and we will see if you get cancer later on.’ That 
would be the difference. …[We wouldn’t do an experiment in that case] because it is unethi-
cal to give them cigarettes and see if they get cancer. … We don’t always know the effects 
for certain experiments. So, that is why we do studies (Carl, May 24, 2012).

There were many other comments from students about the nature of research stem-
ming from the survey and Mirjan’s questions. But, a comment from a student that 
allowed Mirjan to transition into a discussion about the nature of activism seemed 
very enlightened and enlightening. In response to another student’s comment on the 
importance of the research, Carl said:

It’s not a research project. It’s an action project. The research is just the base of it; but, the 
actual project is to take the action. … We did [research into] consumption of water. Once 
we researched it, we realized that, if humans, as a society, keep going [consuming] at this 
rate, we are not going to have any water left. It’s our responsibility to take action to survive” 
(May 24, 2012).

Regarding reflections on and possible applications of ideas about activism, 
meanwhile, there were many important discussions. As part of the transition in dis-
cussion about research into that about actions, a student made yet another useful 
point. When Mirjan asked if students’ actions were mainly based on results of their 
studies that suggested that more girls were being dropped off at school than boys, 
Jeff said: “It all depends. You have to look at the larger world. If more cars are being 
used, then more CO2 [will be emitted]” (May 24, 2012). While this seemed very 
helpful, Mirjan’s particular focus was to encourage students to consider actions 
aimed at decision-makers. He did so particularly in feedback on their second RiNA 
project, in the May 24, 2012, reflection class, and in the context of the evaluation 
scheme. This is evident, for example, in Carrie’s comments: “When we talked about 
the projects we did before, we realized that none of us really did [actions towards] 
people in power. That actually drove us to do something for people power this time” 
(Interview, June 20, 2012). She added that it wasn’t just the May 24 class, but “all 
of it” (Interview, June 20, 2012). Indeed, students seemed to have little trouble 
engaging this concept. At first, some of their discussions in this regard were limited 
to local decision-makers. When asked by Mirjan about addressing power, Nancy 
replied, for example, that they could target “people in authority … [such as] the 
mayor of Brampton [their city]. [We could] write a letter to her.” Henry added, 
“Rather than sending just one letter, let’s say this entire class writes letters. So, there 
would be 24 letters!” (May 24, 2012). However, other members of class did high-
light for peers possibilities for actions on more distant decision-makers. Towards 
the end of their third project, for example, Charlie said:

[W]e realized that these things are not just local. People do these things, like smoking, 
everywhere. … We discussed in our group that, if we target an older group, maybe a change 
will happen. We wanted to write a letter to the bigger companies, but we discussed that they 
wouldn’t really care. They would just throw the letter away. They just want to make a profit. 
They are likely, like, billionaires already (Interview, June 20, 2012).

A sense of action ‘targets’ went beyond those—such as companies—they consid-
ered possibly responsible for issues. Mirjan also asked them to consider enlisting 
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celebrities to possibly rally significant public support for their causes. In response, 
Alan said, for example, “[It’s] amazing, eh?! If Lady Gaga tweets something, then 
people are all over it.” Mary then said that this logic was much like how the Kony 
2012 video was so massively–viewed [As of Aug. 11, 2012, it had 92,380,955 
views]. “It was all over Facebook™, all over Twitter™, all over everything!” She 
added, “Teenagers can do a lot of things, as long as there is a large group behind 
them” (May 24, 2012).

In addition to ideas about ‘separate’ (which may be co-dependent) aspects of the 
nature of RiNA projects (e.g., issues vs. actions), Mirjan (and Larry) encouraged 
student discussion about and possible application of overall aspects of the process. 
A suggestion from Larry that introverts and extroverts may choose different kinds 
of actions generated an interesting discussion that may or may not have ultimately 
affected students’ projects. Alan, for example, said, “I am not really a social person. 
But, after this project, [being involved in] talking to people, I developed more lead-
ership skills” Jeff added “For some actions that people took, you have to be more of 
an extrovert. You have to go up to people and give them brochures. It can be kinda 
nerve-wracking (May 24, 2012). Similarly, students seemed intrigued (although a 
bit puzzled, at first) with Larry’s suggestion that a person’s emotional state—and 
not just knowledge and logic—might affect RiNA decisions. Janice, for example, 
said emotions “didn’t really affect me, at first; but when you research it, you kinda 
get knowledge about it. … [I found that] about 50% of girls in America, and they are 
like 10 years-old, are worried about becoming bulimic” (May 24, 2012). Jeff added: 
“To try to pursue an issue and to try to help people, you have to have some compas-
sion; have some humanity to help people for the greater good.” Meanwhile, Mary 
said: “I think it [level of emotion] depends on the topic. For my group, we did 
[research on] privacy and that [decision] was based on how people felt about being 
watched or, like, video-taped. It wasn’t so much logical as emotional” (May 24, 
2012).

Finally, students indicated that different pedagogical acts initiated by Mirjan to 
stimulate reflection on the nature of RiNA projects led them to some overall conclu-
sions about ‘the’ (not likely singular or certain) process. Ken said, for example, that 
“it opened your eyes to some things. [He would tell himself,] ‘I should get a bigger 
sample size. I should try something new[, like] a letter to something [e.g., the 
mayor].’ A lot of new ideas came out... It also gave us confidence because [we 
knew] everybody was doing it, because we sat in a circle [to share ideas]” (Interview, 
June 20, 2012).

Overall, it seems that teacher scaffolding/guidance in both RiNA projects and 
reflections on and applications about them (RiNA Projects ←→ Nature of RiNA 
Projects) can be a necessary and helpful aspect of promotion of RiNA in secondary 
schools. Based on fundamental (psychological) constructivist learning theory 
(Osborne & Wittrock, 1985), for example, it is difficult for learners to discover 
abstract ideas without at least having a notion of them in their heads. In terms of 
social constructivism, moreover, it is apparent that learning can be enhanced through 
collaboration in familiar and friendly contexts. For instance, Carrie said: “Since you 
are sitting there with your friends, it makes it a lot more comfortable to talk about 
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what you did. … You [also] listen more because you are more relaxed” (Interview, 
June 20, 2012). Regarding self-efficacy theory (e.g., Bandura, 1997), meanwhile, 
learners can be assisted—in part—in developing attachment to and confidence in 
tasks (of various sorts) when having them modeled for them as, in a sense, a vicari-
ous experience. In this case, such modeling was provided by the teacher when dis-
cussing and illustrating, with examples, the nature of RiNA.  If they also receive 
modeling from peers, additional encouragement may arise from those with whom 
they share identities and experiences.

As argued above, perhaps the deepest, most meaningful, learning—in many, if 
not all, domains—occurs when students have full control over decisions. There was, 
indeed, evidence of this occurring with regards to students’ reflections on and/or in 
RiNA.  We saw this primarily through students’ relatively (e.g., without specific 
questions in interviews) spontaneous statements about how the projects contributed 
to their views on them and, possibly, uses of such claims. Through a trial-and-error 
process, for instance, students decided that experiments seem to take longer than 
studies. Charlie said his group thought of an experiment in which they watered 
plants with water that had had cigarettes soaking in it but decided this would take 
too long “because the plants grow so slowly” (Interview, June 20, 2012). Meanwhile, 
Penny gave this definition of validity of research after her experiences with it: “A 
valid study would help you to come up with information for it [your topic]; whereas, 
another study may not contribute to what you are studying” (May 24, 2013).

Finally, in addition to epistemological conceptions, students’ reflections on the 
nature of RiNA projects seemed to affect their overall attitudes/comfort-level/self- 
efficacy with regards to such projects. When asked, for example, why most of the 
projects seemed to move outside the school, Carrie said, “Because we had experi-
ence. It’s not the first time doing this type of project. We sort-of know what to do, 
and what we want to do” (Interview, June 20, 2012). This comment seemed to 
emphasize their increased understanding of processes, but embedded within that 
may have been some affective gains. Indeed, it seemed that, generally, students felt 
a sense of independence grow as they moved through the three RiNA projects, feed-
back on them and embedded reflections. Alan said, for example, that the third 
project

is a different way to learn. He [Mirjan] is showing that, in the future, there is not going to 
be someone showing us what to do. We have to know what to do ourselves, right? We went 
through two [partly guided RiNA projects] and that was, like, the experience. [After that,] 
we knew what to do, what was expected” (Interview, June 20, 2012).

In support, Carrie said, when asked how she got her confidence to confront people 
in drug stores, that “after doing multiple [research-informed action] projects, I got 
more confident” (Interview, June 20, 2012). Related to that, she said, seemed to be 
the degree of openness of the assignment: “By leaving it open, it gives [us] a lot of 
freedom, [allowing us to] think up our own ways [of doing things]” (Interview, June 
20, 2012).
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8.5  Conclusions and Implications

The apprenticeship framework used in the study reported here seemed to generate 
considerable expertise and motivation for the conduct of research-informed and 
negotiated actions (RiNA) to address STSE issues. A major contributor to such 
actions seemed to be a special innovation introduced here; that is, reciprocal rela-
tionships between conduct of RiNA projects and reflections about the nature of 
RiNA projects. In using this scheme, we reasoned that a key aspect of this influence 
should be significant degrees of student control of decision-making. Here, we found 
that, despite his intention to enable such student control, he felt a need to continue 
to provide some guidance for students’ imagined self-directed RiNA projects. There 
are many possible reasons to explain this result. Perhaps the teacher’s development 
of expertise in promoting self-directed RiNA needs continued development. On the 
other hand, perhaps this teacher’s experiences with this aim is an indication of a 
fundamental—and long-standing—problem in science education; that is, those con-
trolling school science have created curriculum and assessment schemes that overly- 
emphasize teaching and learning of products of fields of science and technology at 
the expense of students’ opportunities to develop expertise and confidence for self- 
determining their own conceptions of the world and ways in which to change it.
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Students’ Uses of Actor-Network Theory 
to Contextualize Socioscientific Actions
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9.1  Introduction

A significant component of science education research and development in the last 
few decades has been attention to so-called socioscientific issues. While this work 
has had some successes in terms of implementation of pedagogical practices in 
schools in many parts of the world, there appears to be a certain ‘timidity’ in this 
regard. Arguably, issues may not be treated as critically as some recommend and, 
related to this, students often are not encouraged and enabled to take strong social 
actions to address them in ways that may bring about a better world. In our previous 
work, we seem to have had some successes in this regard through promotion of 
student-led primary (e.g., studies and experiments) and secondary (e.g., Internet 
searches) research as some bases for such activism. With increasing awareness of 
actor-network theory as a way of conceiving of phenomena, however, including in 
terms of helping  to ‘democratize’ students’ conceptions of socioscientific issues 
(Pierce, 2013), we decided to pursue infusion of aspects of actor-network theory 
into our ongoing programme of promotion of research-informed and negotiated 
actions on issues informed by the ‘STEPWISE’ curriculum framework developed in 
2006. After a review of literature relating to implementation of socioscientific issues 
in science education, we describe and analyze one teacher’s efforts to promote 
activism through uses of actor-network theory in science education.
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9.2  Neoliberal Critique of Science Education

For at least four decades, governments, researchers and others have promoted per-
spectives and practices in science education that acknowledge that fields of profes-
sional science are not isolated from—but, rather, have significant relationships 
with—fields of technology and societies (including special interest groups) and 
environments (Pedretti & Nazir, 2011). Over that time period, although there have 
been various foci, a major one has been to emphasize controversies regarding rela-
tionships among fields of science and technology and societies and environments 
(STSE)—often called, socioscientific issues (SSIs). Different ‘stakeholders’—such 
as politicians, community activists, business representatives, general citizens, and 
others—debate merits, for example, of various products of science and technology, 
including: nuclear reactors, cosmetic surgery, plastic containers, coal energy 
sources, ‘fast’ and manufactured foods, genetically-modified organisms, computer 
‘data mining’ and sun tanning beds. In engaging students in such SSIs, educators 
have used a range of goals and practices. It appears, however, that many of them 
largely involve uses of SSIs as contexts for promotion of individual student choice 
and achievement (Levinson, 2013). Such emphases have, apparently, led to some 
positive learning outcomes for students, including achievements in: products of sci-
ence (e.g., laws & theories) (Venville & Dawson, 2010), socioscientific reasoning 
skills (Sadler, Barab, & Scott, 2007); and, the nature of science (Khishfe & 
Lederman, 2006). As a multidisciplinary focus, it seems logical that SSI education 
can promote learning in a wide range of domains.

Encouraging and enabling youth to debate details of issues and arrive at personal 
decisions seems reasonable. In representative democracies, in which citizens regu-
larly vote to determine leadership of their societies by politicians and experts (e.g., 
scientists, lawyers, etc.) (Wood, 1998), outcomes like those noted above should be 
useful (Sadler, 2011). On the one hand, decisions may not be easy. There are so 
many issues that individuals can struggle to learn enough to make informed deci-
sions, some issues pertain to new fields (e.g., nanotechnologies) about which less 
information is available and, of course, decisions often involve emotional debates 
frequently driven by competing ideological stances. Nevertheless, citizen engage-
ment in such controversies must be upheld in democracies (Pedretti & Nazir, 2011). 
It seems, however, that preparing citizens for debate and personal decision- 
making—which appears to be very common in science education—may be inade-
quate. Apart from difficulties cited above, it is apparent that citizens need to not only 
understand and make personal decisions about issues but also be prepared to take 
socio-political actions to address potential harms associated with them in what may 
be considered more participatory forms of democracy (Bencze & Alsop, 2014; Dos 
Santos 2009; Hodson, 2003, 2011). Reflecting this stance, Levinson (2010) recently 
has analyzed SSI education, concluding that—with reference to Table 9.1—current 
SSI practices tend to frame students in terms of either ‘Deficit’ (dependency on 
experts and leaders) or ‘Deliberative’ (discussions with, but still deference to, 
experts/leaders) models of citizenship. Given various societal and environmental 
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harms faced by humanity (refer below), he—like authors quoted just above—sug-
gests SSI education needs to include more ‘Praxis’ (critical, reflective, practice) and 
‘Dissent and Conflict’ (critique and actions).

Reasons for promoting socio-political activism through school science are com-
plex, but it seems a prime consideration must be current socio-economic conditions. 
Although capitalism has existed for centuries, many scholars and others suggest that 
societies are currently under immense—and, in many ways, extremely harmful—
influences from neoliberal capitalism. Although the term is controversial, neoliber-
alism seems to be a socio-economic system that uses government intervention in 
markets in ways that prioritize private sector interests with, perhaps, the view that 
benefits will ‘trickle down’ to the masses in societies (McMurtry, 2013; Springer, 
Birch, & MacLeavy, 2016). Neoliberal capitalism appears to be extremely power-
ful, particularly in terms of its globalized (and globalizing) network of actants 
aligned to its causes (e.g., individual competitiveness). Apparently assimilated into 
the ‘Global Capitalist Network’ (GCN) are, for example, individual financiers, 
banks, transnational corporations, advertizing agencies, telecommunications and 
shipping networks, supportive governments and universities, ‘think tanks’ (e.g., 
Atlas Liberty Network) and, crucially, supra-national economic organizations (e.g., 
World Trade Organization and the International Monetary Fund) that negotiate 
transnational trade agreements to isolate business activities from local/national gov-
ernment controls (Ball, 2012; McMurtry, 2013).

Apparently, key agents contributing to enormous power associated with the GCN 
are fields of science and technology (S&T) and their educational counter-parts (e.g., 
science education). Although their foci cannot be reduced to one emphasis, prime 
among them appears to be consumerism; that is, encouraging individuals to engage 
in cycles of consumption and disposal of goods, services, ideas, perspectives, feel-
ings, etc. Promotion of such consumerism can be understood in terms of the sche-
matic in Fig. 9.1, which is adapted from Wolff-Michael Roth’s (2001) analysis of 
relationships between ‘science’ and ‘technology.’ In this light, it seems that fields of 
‘technoscience’ (i.e., viewing S&T as co-influencing each other’s nature) often 
assist neoliberal capitalists through creation of virtual Trojan horses; that is, 

Fig. 9.1 Neoliberalism-inflenced technoscience
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 commodities that appear idealistically positive (and desirable) on the outside (e.g., 
‘classy’) while hiding or ignoring many potential problems on the inside (e.g., gov-
ernment support for petroleum industries). In terms of Fig. 9.1, this may be accom-
plished, for example, when there are large ideological gaps (purposeful 
mistranslations)1 in World → Sign relationships that create idealized hyperrealities 
(illusions of truth, such as ‘classy’) that may incite desires for the commodity (e.g., 
a car); while, at the same time, because of companies’ legal rights to externalize 
their costs, compromising the quality of their commodities (e.g., reducing costs of 
labour, materials, etc.). Such externalities may be interpreted as ideological gaps in 
Sign → World translations that, in turn, lead to numerous potential problems for 
wellbeing of individuals, societies and environments (WISE) (Bencze & Carter, 
2015). Among such commodities linked to WISE harms are: genetically-modified 
foods, etc. (Kleinman, 2003; household cleaning and hygiene products (Leonard, 
2010); pesticides (Hileman, 1998); tobacco (Barnes, Hammond, & Glantz, 2006); 
pharmaceuticals (Angell, 2004); and, petroleum products (Klein, 2014).

As suggested above, supporting neoliberalism-influenced technoscience activi-
ties to promote consumerism appears to be—among networks of entities—science 
education. Firstly, it is apparent that a major component of the GCN is a sub- 
network, sometimes called the Global Education Reform Movement (GERM), that 
seems to be orchestrating educational actants to support neoliberalism—including 
through: curriculum standardization, international competitiveness, testing and 
reporting and emphases on ‘core’ literacies (e.g., language(s), mathematics, science 
and information technology) (Sellar & Lingard, 2013). Within this sub-network, 
given key roles for fields of technoscience, as discussed above, a major element 
seems to be school science. Briefly, as elaborated elsewhere (e.g., Bencze & Carter, 
2011), it is apparent that school science often functions as a mechanism for achiev-
ing two capitalist goals; that is, for: (i) selecting and educating relatively few stu-
dents who may become technoscientists and other professionals, such as business 
managers, who may establish and manage the scenario in Fig. 9.1; and, (ii) genera-
tion of large masses of citizens who may serve as compliant followers of labour 
instructions from professionals and as enthusiastic and unquestioning consumers of 
for-profit commodities. The first goal appears to be often achieved, for instance, 
through rapid-fire instruction in abstractions (e.g., a point mass occupies no space)—
a tack that seems to favour students with considerable cultural and social capital 
(Bourdieu, 1986), which appears to be important for functioning in elite careers 
(Reich, 2007). Creating consumers, meanwhile, often involves use in science edu-
cation, as above, of the concept of the Trojan horse. Fields of science and technol-
ogy are, for instance, portrayed to be idealistic; e.g., made to appear efficient, 
unbiased and unproblematic in terms of adverse effects on individuals, societies and 
environments, such as by avoiding discussions (refer above) of neoliberal influences 
on fields of technoscience (Carter, 2005). Without being educated about such prob-
lematic situations involving fields of technoscience, students may struggle making 

1 Ontological gaps are mistranslations in World ←→ Sign relationships due to differences in the 
nature of ontological entities involved (e.g., tree vs. picture of tree).
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appropriate decisions surrounding socio-scientific issues. This problem seems to be 
contiguous, moreoever, with contexts in their larger communities. There is evidence 
to suggest, for example, that companies have frequently hired reputable scientists to 
discredit science, in general and, more specifically, science claims about such com-
modities as tobacco, pesticides, weapons, nuclear power and possible causes and 
effects of climate change (Oreskes & Conway, 2010).

In light of influences of the GCN and GERM on societies, generally, and science 
education, more particularly, promoting critical and activist science seems daunt-
ing. Indeed, recent, but quickly-emerging, ‘STEM’ (Science, Technology, 
Engineering & Mathematics) education movements—which emphasize instruction 
in ‘products’ (e.g., laws, theories & innovations) and skills/methods (e.g., engineer-
ing design) of STEM fields, apparently in order to select and educate more STEM 
professionals so that jurisdictions (e.g., states/provinces, countries) can be success-
ful in global economic competitions—seem to avoid education that might prob-
lematize STEM fields (Gough, 2015; Zeidler, 2016). Accordingly, approaches to 
science education are needed that may enlighten students about problematic STSE 
relationships and help them to develop expertise, confidence and motivation for tak-
ing socio-political actions to address socio-scientific issues concerning them.

9.3  Research on Critical & Activist Science Education

9.3.1  Research Context

Since 2006, based on the ‘STEPWISE’ (Science & Technology Education Promoting 
Wellbeingfor Individuals, Societies & Environments [www.stepwiser.ca]) curricular 
and pedagogical framework, the first author of this paper has been working with 
teachers and student-teachers to promote personal and social actions to address 
STSE issues of their concern. This framework organizes broad learning domains, 
such as ‘Products Education’ (e.g., learning laws & theories) and ‘Skills Education’ 
(e.g., skills for science inquiry) into a tetrahedral shape, with 2-way arrows between 
all domains, including with ‘STSE Actions’ in the centre. A general prioritiy is that 
students’ education (e.g., via Products Education) and research findings would be 
used by them to promote wellbeing for (other) individuals, societies and environ-
ments (WISE)—generally, an altruistic orientation. A main feature of this approach 
is to encourage and enable students to self-direct primary (e.g., correlational stud-
ies), as well as secondary (e.g., Internet searches), research as contributions to their 
decisions about actions to address STSE issues of their choice. Given the apparent 
opposition to activist science education (refer above), it seems that students—and, 
perhaps, teachers and others—need compelling reasons to engage in such challeng-
ing activities as socio-political actions. A prominent claim in this regard is that 
students need deep, personal, attachments to issues to be motivated to act on them 
(Hodson, 2011). In this light, we have found that affective engagement with SSIs 

9 Students’ Uses of Actor-Network Theory to Contextualize Socioscientific Actions
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and actions may develop if students have leading roles in decisions regarding pri-
mary and secondary research into issues (e.g., Bencze, Sperling, & Carter, 2012). 
Findings can motivate and direct actions they might take to address SSIs. This tack 
is premised on assumptions, based on knowledge duality theory (Wenger, 1998), 
that students should develop deep commitments to actions if they are personally- 
engaged in reciprocal relations between phenomena (e.g., citizens’ views of con-
sumer products) and representations (e.g., survey data) of them. Such student-led 
research-informed and negotiated action (RiNA) projects align well, we think, with 
‘Science education as praxis’ and ‘Dissent and conflict’ (refer to Table 9.1), as rec-
ommended by Levinson (2010) and others. Moreover, we have developed consider-
able evidence to suggest that secondary school students are able to self-direct 
successful and personally-meaningful projects, depending on such influences as: 
primary vs. secondary research (Bencze et al. 2012); the social nature of their cor-
relational studies (Bencze & Krstovic, Chap. 7 here); reflections on RiNA projects 
(Bencze & Krstovic, Chap. 8 here); and, their ‘street smarts’ (vs. ‘book smarts’) 
(Phillips-MacNeil, Krstovic, & Bencze, Chap. 13 here).

An aspect of STEPWISE that we have felt still needs signficant work pertains to 
the critical nature of students’ conceptions of STSE issues—and how that may 
influence their socio-political actons. In previous work, we had mainly asked stu-
dents to consider positions of different human ‘stakeholders,’ such as members of 
government, scientists (and their data), people in business and activist groups. 
Recently, however, we were particularly influenced by the work of Clayton Pierce 
(2013) and Stephen Ball (2012)—who, among others (e.g., Latour, 2005), sensi-
tized us to complexities of the Global Capitalist Network and Global Education 
Reform Movement. Pierce (2013) provides, as depicted in Fig. 9.2, an example of 
an actor-network theory (ANT) (Latour, 2005) analysis of STSE issues associated 
with genetically-modified salmon. In pointing out complexities of such networks, 
he stresses benefits to students in terms of providing them with more realistic—and, 
therefore, more democratic—conceptions of STSE relationships than is commonly- 
emphasized in school science. In integrating actor-network theory, along with Ball’s 
(2012) analysis of global capitalist networks, into our efforts to encourage and 
enable students to self-direct research-informed and negotiated action projects, we 
imagined students developing deep conceptions about a wider range of actants 
regarding issues, and perhaps corresponding commitments to actions considering 
many of them. We understand RiNA projects as depicted in Fig. 9.3. By encourag-
ing students to develop and progressively-revise (as more ideas, perspectives, etc. 
arise) actor-networks to depict STSE issues of their interest and actions to address 
them, we expected that their ‘Actions’ (Sign → World) translations may be based on 
more complex and realistic Signs they derived from ‘Research’ (World → Signs).

Mirjan Krstovic, a teacher involved in this project since Sept. 2011 and the sec-
ond author of this chapter, agreed to encourage students in his tenth-grade science 
class to use actor-network theory to focus on issues associated with consumerism 
during the Feb. – June 2013 semester. We reasoned that, given its emphases on a 
range of kinds of actants—including living and nonliving things and semiotic mes-
sages—within networks, such a focus may provide students with access to richer 
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contexts relating to their issues of choice (Pierce, 2013). Especially when students 
are given considerable control of decisions, ANT-infused RiNA projects may allow 
students to develop more personally-meaningful and contextually-rich conceptions 
of socioscientific issues that, in turn, may motivate them to act on such issues 
(Wenger, 1998). Such an education also would help students advance to Levinson’s 
(2010) ‘Science education as praxis’ and ‘Dissent and conflict’ levels of citizen 
engagement in SSIs.

As he had done in three previous semesters of implementating the STEPWISE 
instructional framework, Mirjan used the schema shown in Fig. 9.4, which empha-
sizes (partly teacher-guided) apprenticeships aimed at helping students to develop 
expertise, confidence and motivation for self-directing RiNA projects. He used the 
first apprenticeship activities (in the Climate Change unit) to introduce students to 

Fig. 9.2 GM Salmon network (Pierce, 2013, p. 134)

Fig. 9.3 A model of research-informed actions on STSE issues
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conduct of RiNA projects before introducing ANT to them in the Chemical Change 
unit. Principles of ANT shared with students included the following points:

• Individual actants are heterogeneous, composed of influences from other actants;
• Types of actants include: materials (e.g. living & non-living things, inventions, 

inscriptions) and semiotic messages;
• Actants may co-affect each other, with effects that constantly change;
• Actants can align, particularly under influences from powerful actants, so that a 

common semiotic message is supported by all; and,
• Activism may involve introducing new actants and re-orienting existing ones so 

that dominant semiotic messages change.

To teach students about such ANT principles, Mirjan used lectures, whole-class 
and small-group discussions that emphasized the Trojan horse metaphor for con-
sumer products. A copy of his full lesson sequence for this is given in Appendix A. 
During this sequence, he combined a Socratic lesson based on an actor-network 
(Fig.  9.5) that he had developed concerning cell phones. During this lesson, he 
emphasized the ANT principles above—with special focus on the Trojan horse met-
aphor, in the sense that dominant actants can be aligned to support of an idealized 
message about the commodity that can hide actants which, if made more prominent, 
would support a quite different, likely more problematic, message. To supplement 

Fig. 9.4 STEPWISE instructional framework
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this lesson, he showed students the activist video, The Story of Stuff (SoS [www.
thestoryofstuff.org]), which is structured around the ‘materials economy,’ tracking 
commodities in this sequence: Extraction → Production → Distribution → 
Consumption → Disposal. We felt that this video would effectively expose students 
to a wide range of actant types, including many that are often hidden or, as Latour 
(2005) suggests, ‘black-boxed.’ This is a feature emphasized by Pierce (2013) 
regarding his ANT study of genetically-modified salmon:

[S]cientific literacy needs to be radically rethought in an age where genes of an Ocean Pout 
(an eel fish) are spliced with those of a Chinook (king) salmon, implanted in Atlantic 
salmon eggs, and a corporation patents this process and the new species of the fish itself … 
(p. 113; emphasis in the original).

Associated with exposing students to a breadth of actants, the SoS emphasizes two 
major aspects of consumerism noted above; that is, perceived (e.g., through market-
ing) and planned (e.g., through engineering) obsolescence.

In light of the context description above and arguments about influences of the 
global capitalist network earlier, the study reported here intended to explore the 
extent to which secondary school students could develop more democratic modes of 
citizenship, as defined by Levinson’s (2010) criteria (Table 9.1).

Fig. 9.5 Mirjan’s model actor-network about cell phones
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9.3.2  Data-Collection and Analyses Methods

Because we intended to document and explain one teacher’s efforts to broaden the 
scope of students’ conceptions of a particular broad concept (i.e., consumerism), 
this research qualifies as an instrumental case study (Stake, 2000)—a documentary 
of a specific situation to be compared to a larger context. To achieve our research 
agenda, we conducted data-collection and analyses having rationalistic and natu-
ralistic characteristics (Guba & Lincoln, 2011). Rationalistically, we focused, for 
example, on students’ uses of ANT in their investigations and actions pertaining to 
personal hygeine products. Naturalistically, we collected data that enabled emer-
gence of unexpected situational outcomes. Data collected from students (ages 
14-16) and Mirjan included:

• Project Work Artefacts: Samples of products generated by most students (57) 
were collected, including: issue descriptions, research plans, data collected, writ-
ten reports, project reflections, action plans and forms of action (e.g., posters, 
petitions, videos);

• Project Instructional Materials: Copies were made of all of Mirjan’s pedagogical 
plans and instructional materials (e.g., paper handouts, videos, PowerPoint™ 
presentations, and internet website addresses);

• Digital Recordings of Students’ Project Work: Photographs and videos were pro-
duced depicting youth presenting and defending their forms of action in public 
fora (e.g., to fellow students within and outside of class).

• Semi-structured Interviews: Eight volunteering students were interviewed twice, 
near the beginning and at the end of the course. Questions focused on their views 
about issues, research & actions. Mirjan was interviewed 11 times, for about 60 
minutes each, about project progress. All interviews were audio-recorded and 
later transcribed.

Regarding analyses, each of us coded data for categories and then developed 
encompassing themes—using constant comparative methods based on constructiv-
ist grounded theory (Charmaz, 2014). Categories and themes were then negotiated 
between us (Wasser & Bresler, 1996). Member checks with participants were con-
ducted to help ensure trustworthiness of claims, each of which was based on at least 
three supporting data sources.

9.4  Towards Critical & Activist Science Education

9.4.1  Preamble

Despite a broader context that appears dominated by the global capitalist network 
(GCN) and which appears to prioritize formation of subjects conducive to capitalist 
enrichment, it is apparent that pedagogical practices implemented by Mirjan enabled 
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and encouraged students to achieve more democratic levels of citizenship. In terms 
of the framework developed by Levinson (2010), it appeared to us that most stu-
dents in Mirjan’s tenth-grade science class demonstrated considerable expertise and 
comfort in engaging in ‘Science education as praxis’ and ‘Dissent and conflict.’ 
Having made this claim, it is important to recognize that its ‘external validity’ (e.g., 
applicability to outside contexts) can only be made by each reader relating the 
description of the instrumental case described below to his/her context (Guba & 
Lincoln, 2011).

9.4.2  Students and Networks

Mirjan’s first effort at infusing actor-network theory for promotion of students’ 
research-informed and negotiated actions seemed relatively successful. All student 
teams (1-4 members/team) completed actor-network maps to illustrate their pre- 
conceived and ongoing (via secondary and primary research and collaboration) 
notions of issues surrounding a consumer product relating to chemistry and then 
developed socio-political actions to address the issue. Particularly for the chemistry 
unit, when ANT was introduced and emphasized, many student projects accommo-
dated most aspects of ANT listed above. Students only seemed to have difficulties 
developing deep, explicity-stated, understanding of the abstract concept that each 
actant is heterogeneous. For their final projects, although few took time to draw 
actor-networks, most projects infused several ANT principles.

To support our claims that Mirjan’s programme corresponds to the two more 
engaged levels of citizenship in Levinson’s (2010) framework (Table 9.1), we now 
present a brief overview of one student’s research-informed action project—supple-
mented by a few other examples—completed during the Chemical Change unit 
(Fig. 9.4). This case gives great priority to exposing citizens to actants and semiotic 
messages frequently hidden from consumers, often because of the prominence of 
idealized semiotic messages associated with commodities. As she learned more 
about liquid foundation makeup from her secondary research, ‘Connie’ developed 
the actor-network map shown in Fig. 9.6 to represent it. Although some actant types, 
such as think tanks and transnational advocacy groups (Ball, 2012) were absent, her 
network included a wide range of actant forms, including: living things (e.g., 
[human] teens, cheap labour, rabbits), human organizations (e.g., companies [e.g., 
Maybelline™], factories), technologies (e.g., editing [software]), non-living things 
(e.g., aluminum, inscriptions (e.g., fake pictures), and semiotic messages (e.g., feel 
prettier, feel grown up). In illustrating relationships among them, moreover, she 
makes relatively-explicit reference to the Trojan horse metaphor—indicating prom-
inent pro-capitalist actants (e.g., happy companies, advertising, planned obsoles-
cence) perhaps distracting consumers from such negative effects as: [human] 
depression, fake results [of animal testing], non-renewable energy use. To supple-
ment her investigations, she surveyed fifty teenaged girls in her school regarding 
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their uses of makeup. This study also made reference to different actants, as indi-
cated by her summary of study results:

I can conclude that the media does have a generally large impact on teenage girls makeup 
usage. Out of the 86% of girls who started wearing makeup at a pre-teen age 81% of them 
said that the media was the influence that got them interested in it. Also 93% of the girls 
who started wearing makeup at a young age say they wear makeup for more than half of the 
week. Only 30% of girls are not influenced from the media about their makeup choices. So 
the media has a very large impact on teenage girls makeup consumption, by impacting 70% 
of them (June 3, 2013).

In particular, in addition to reference to makeup and girls’ ages, she focused on 
influences from (although not specifically) advertizers. Other students’ research- 
informed actor-networks also indicated signficant consciousness regarding a range 
of actants associated with the consumer product they studied. The comment below 
is somewhat representative of classs members’ conceptions and perspectives in this 
regard:

Most of these corporations [regarding electronic games] have American [sic] or Japanese 
ownerships (www.zdnet.com). The most powerful groups in this field are console develop-
ers such as Sony, Panasonic, and Microsoft (ca.ign.com). These are the massive corpora-
tions that have other branching corporations which manufacture the video games. The 
biggest few video game manufacturers are: Square Soft, Sega, Capcom, SONIC Team, and 
Infinity Ward (ca.ign.com). These massive corporations completely control the media 
related to the gaming community. Massive advertisement companies have billion dollar 
contracts with the above mentioned companies. Therefore, one can assume that only posi-
tive things about video games are being advertised - not any of the negative stuff is being 

Fig. 9.6 A student’s actor-network map about foundation makeup
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mentioned. Massive corporations that make millions of games and gaming consoles are 
mostly based in China. This is due to the fact that gaming consoles can be manufactured at 
a very cheap labour cost; this is because of China’s massive population and high unemploy-
ment rate. In China, safe working conditions are not guaranteed either, shifts of 12 hours a 
day are in effect. But these weak stakeholders can not do much because of the fact that 
thousands of people are waiting in line for the same job. An average worker in these com-
panies is paid about $1.36 (www.huffingtonpost.com). These are important stakeholders to 
this network of video game manufacturing, but this group is certainly less privileged and 
has basically no power compared to the massive corporations that employ them (Miguel, 
Project Report, June 13, 2013).

Actants discussed here at least include: corporations; countries; media/advertizers; 
consoles; games; money; contracts; labour; working conditions; power; priviledge. 
Uses of actor-networks have been shown, as noted above, to provide students with 
these kinds of more realistic insights into socioscientific issues than is apparently 
being encouraged by the GCN (Pierce, 2013).

Based on students’ reflections on their pre-conceived notions and on their sec-
ondary and primary research, they seemed to develop deep, meaningful, concerns 
for wellbeing of individuals, societies and/or environments and, accordingly, 
develop and implement plans of action to address their concerns. For example, 
based on her research, Connie developed and posted to YouTube™ an excellent 
educational video (www.youtube.com/watch?v=WhN6PS1GT9c) advising viewers 
(now with over 500 ‘views’) of ‘positive’ and ‘negative’ aspects of liquid founda-
tion consumption—such as those depicted in Fig. 9.7 (screen shots from her in-class 
PowerPoint™ presentation). The video, which is structured around the stages of the 
materials economy from The Story of Stuff™ (refer above), again (like her actor- 
network) emphasizes the Trojan horse metaphor—featuring a range of actant types, 
some aligned to support positive messages while others that may support negative 
messages are, largely, hidden. Evidence for these claims can be seen in the follow-
ing set of excerpts from the script of her video:

Fig. 9.7 Excerpt from a student’s activist video

9 Students’ Uses of Actor-Network Theory to Contextualize Socioscientific Actions

http://www.huffingtonpost.com
http://www.youtube.com/watch?v=WhN6PS1GT9c


182

[Foundation is about] hiding what we don’t want others to see because we are scared to get 
judged. … This is what advertizers do [showing a woman’s picture being edited with 
Photoshop™], hiding what they don’t want their audiences to see so they can promote their 
businesses as best as possible;

… when hard-working miners are put on the job to mine non-renewable natural resources, 
[which] we, essentially, end up wasting in a bottle on our skin and then take off at the end 
of the day … and creating even more waste. Being a miner is a very hazardous job, due to 
all the dangerous toxins being exposed to the workers. Also, a lot of pollution is created due 
to all of the machinery and technology used. Some of the main resources needing to be 
extracted to make foundation include magnesium, silicon, aluminum, alcohol and many 
petro-chemicals that are toxic to us humans and the environment. …

Some big problems with factories [where raw materials are used to make cosmetics] are 
harmful toxins in the air, the low working wages, and the long hours. … [regarding product- 
testing]. Many of the big well-known make-up companies unfortunately test their products 
on animals, like rabbits and sometimes cats. This is an issue due to the harming of animals 
but, unfortunately, many big companies do not care. They only care about profit.

[This is when] the advertising starts to try to make money. They suck the consumers in with 
many common tactics, like telling teens that it will clear or heal their acne and making 
wrinkle-free, anti-ageing, products for [women]. Cosmetic products get falsely-advertized 
through the excessive amount of editing to make the models look flawless. The product 
ends up not working as well as people expect and, then, blame it on themselves for not 
being pretty enough; but, really, it is the product’s fault. So, [it is] no wonder why over the 
past decade self-esteem has decreased in teenaged girls; and, about 70% of teenaged girls 
won’t leave the house without being all ‘dolled-up’ and, still, feel self-conscious and inse-
cure about themselves. And, this is mostly due to fake advertising and too much pressure.

During this stage, many harmful toxins that are created during the production stage are 
spread all over the consumer’s face. People are tricked into thinking that foundation is to 
help feel beautiful and make your skin clear, but it is not [the reality]. Although the product 
claims to keep your skin clear, hydrated, prevent acne, and not clog your pores, all of these 
claims mean nothing - because the advertizers find ways around the laws. Consumers will, 
eventually, start to become addicted to the product and continuously buy more, which is 
exactly what the companies want to make profit.

Once the foundation is done, it goes to the last stage of [its] life, disposal. Since the founda-
tion should only be used for 3 months and then thrown away, many people are not able to 
finish the bottle and the chemicals are getting thrown out.

So, this is foundation’s life. Just like a human, it goes through many experiences that people 
would never know about. Just like a book, never judge it by its cover (April 25, 2013).

Again, like Connie, many other students seemed to hold conceptions (although 
not explicitly stated by them) that the consumer product they studied may be con-
sidered a complex entity, ‘something’ that has agency through its relations with 
other actants. These realizations, it seems, led many of them to write and/or speak 
with considerable passion about injustices associated with deception apparently 
inherent in advertizing for many consumer products. ‘Brenda,’ for example, whose 
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team studied mascara, noted that advertisements used names of major cities for their 
products—such as: Maybelline, New  York™; Rimmel, London™; Lancôme, 
Paris™. About this, while presenting her actions to her classmates, she said: “I 
couldn’t figure out why a lot of mascara products have a city or something after the 
names, but I think that it is something that is trying to make it [the product] more 
interesting and intriguing … because cities, like Paris, London, New  York ..
Everyone wants to go there..” (April 26, 2013). In thinking about this, though, she 
seemed to have a fairly strong conception of roles for semiotics in consumer product 
networks:

[Regarding a Maybelline advertisement,] the ideas and emotions that it creates towards the 
product are that mascara is exciting, because they use all of these bright colours and all of 
these bold letters, [use of] capitals .. and making it so expressive … And, they use phrases 
like, … ‘Super-sonic JumboBrush’ to make it sound so intense … to make people want to 
buy this product. [Meanwhile,] what is not said in this ad is the fact that mascara is tested 
on rabbits for eye irritation, as you can see here [showing a picture of a rabbit with irritated 
eyes and mascara]. It’s eye is all blistery and red and swollen because they take drops of 
mascara and drop it into the eyes [of the rabbit]. They kill the rabbits after they do the tests 
(Class presentation, April 26, 2013).

Overall, in light of the above examples, it seems clear that students engaged in 
Levinson’s (2010) ‘Science education as praxis’ and, consequently, developed 
‘Dissent’ (concerns about issues) and, to some extent, ‘conflict’ (social actions).

Finally, it should be noted that, contrary to many criticisms of a focus on SSIs, 
inquiry and socio-political actions, it seems that such educational experiences need 
not compromise students’ ‘achievement’ in traditional ‘content’ knowledge. A 
remarkable finding from work with Mirjan, something he confirmed several times 
throughout the two years of our collaboration, was that promotion of student-led 
research-informed and negotiated actions on STSE issues seemed not, apparently, 
to have detrimental effects on students’ overall grades. Rather, he said,

I have had a lot of success with the STEPWISE framework. Students are more engaged on 
average. My weaker students (ie. those who generally do poorly on knowledge-based tests) 
have done a lot better in class with the STEPWISE. Students like discussing socio-scientific 
issues and being empowered to act and make a difference in our society. Students’ inquiry 
projects (experiments and correlational studies) have more meaning since they are contex-
tualized (Blog entry, Nov. 23, 2011).

This result has ramifications for GCN goals for science education, a priority of 
which appears to be reflected in this statement (from a quotation above): “…4 per-
cent of the nation’s workforce is composed of scientists and engineers; this group 
disproportionately creates jobs for the other 96 percent” (NRC, 2011, p. 2). Under 
the current system, as argued above, most of the 4% referenced above will be com-
prised of advantaged students. If Mirjan’s finding has merit, and two years of trials 
seem to support this claim, then more disadvantaged students may become knowl-
edge builders. This would represent a significant social justice improvement over 
systems governed by the GCN.
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9.4.3  Teachers and Networks

In analyzing data collected, it was apparent that—as with other instructional situa-
tions—myriad factors likely influenced results like those reported above. Moreover, 
in light of actor-network theory (Latour, 2005), it is likely none of these factors act 
in isolation; but, rather, act as networks of dynamically-changing co-affecting 
actants. Accordingly, while it often seems convenient to consider individual factors, 
we must not lose sight of their collective agency.

While we may claim several factors, such as Mirjan’s promotion of actor- network 
theory (the focus of this paper), as contributors to students’ orientations towards 
‘science education as praxis’ and ‘dissent and conflict,’ it seems that a signficant 
limiting/facilitating actant in this context pertains to Ontario’s curriculum prioritiza-
tion (at least in principle) of STSE education (including in terms of promoting stu-
dent development of plans of action to address issues) and research. Mirjan said it 
was only after introduction of the revised Ontario curriculum (MoE, 2008), which 
had placed STSE education as the first of three overall curriculum goals, that he 
began to seriously implement this educational component. Expressing his rationale 
for this kind of education, he said: “[W]ith regards to my focus on academic, social 
and moral development, it [STSE] fits in nicely” (Interview, Dec. 17, 2012).

As elaborated elsewhere (Bencze & Krstovic, Chap. 11, this volume), much of 
the success of the ANT-based activism activities noted above would not have been 
possible without Mirjan—arguably a quite exceptional teacher. He has a number of 
basic positive characteristics that would serve any teacher well, but he has grown 
significantly in his perspectives and practices in the last few years in ways very 
much conducive to promoting student-led research-informed and negotiated actions 
on socioscientific issues. He is extremely energetic, which most of us know is so 
essential for effective work as a teacher. Perhaps most importantly, he is a reflec-
tive—and, essentially, an ‘entrepreneural’—practitioner. This characteristic, which 
is likely essential for innovative teaching, much like what would be required to 
infuse ANT into high school science teaching, appeared to arise, more or less, by 
chance. While an undergraduate student, he worked as a research assistant for a sci-
ence professor with a focus on education. This work led to a publication—fortu-
itously, about lifelong learning—in a refereed journal (Percy & Krstovic, 2001), an 
event that perhaps led Mirjan to then conduct an action research project dealing with 
gender differences regarding his students’ interests in astronomy which, in turn, led 
to another refereed journal article2. About this research, he said: “I saw this kind of 
inquiry work … as being a natural part of teaching and learning—something that 
my previous experiences reinforced” (Written reflection, Aug. 6, 2013). Because of 
his commitment to continual reflection and change, he then enroled in a graduate 
programme leading to a Masters of Education degree—a move that appeared to lead 
to at least two major changes that seem congruent with teaching that would generate 

2 The citation for this publication is omitted here because it would reveal the identity of Mirjan’s 
school and students involved in our study.
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results reported above. Firstly, many of the courses he took gave him new perspec-
tives on education—some of which he attempted to integrate into his teaching. For 
example, Mirjan was chosen by his school’s vice-principal to lead a government- 
funded project to study implementation effects of pedagogical techniques—such as 
‘placemat,’ ‘think-pair-share’ & ‘community circle’—relating to ‘instructional 
intelligence’ about which he learned (Bennett & Rolheiser, 2001). As a result of this 
work, Mirjan concluded: “When various instructional tactics are integrated in 
class[,] students’ communication skills as well as their knowledge and understand-
ing of the key concepts improve” (Project Reflective Journal, Krstovic, 2009, p. 29). 
Buoyed by his successes, he then sought a collaborative relationship with the 
instructor (Larry) of an online graduate course dealing with the history, philosophy 
and sociology of science. Throughout that course, Mirjan had shifted his views 
about science towards the ‘Naturalist-Antirealist’ quadrant of Loving’s (1991) 
Scientific Theory Profile—positions that challenge the certainty of methods and con-
clusions in the sciences. Naturalists, in contrast to Rationalists, assume that conduct 
of science is highly situational and idiosyncratic, depending on various factors, 
including psychological, social, cultural and political influences. Antirealists, 
opposing Realists, claim that human knowledge cannot precisely match the nature 
of phenomena. After discussing possibilities, including a focus on the nature of sci-
ence, we agreed Larry would work as ‘researcher-facilitator’ for Mirjan’s efforts to 
promote research-informed and negotiated actions (RiNA) to address socioscien-
tific issues. So, it seems clear that this collaboration contributed to the nature and 
extent of Mirjan’s teaching.

Since I have started implementing the STEPWISE framework in my Grade 10 Academic 
classes, I have had a lot of success. One of the ways in which I define that success is by the 
extent to which my students experience the joy of learning that goes beyond the traditional 
learning of knowledge and understanding of certain fundamental science concepts. I have 
also experienced the joy of teaching (and learning) critical STSE issues and ways of imple-
menting STSE activism.

Despite Mirjan’s apparent successes, in several ways, conclusions about this 
should be tempered with the realization that STEPWISE implementation seemed to 
significantly depend on his teaching and learning contexts. Much of his overall suc-
cess appears attributable to perhaps ideal conditions in the first school in which he 
had worked (Sept. 2006 – June 2012). Mirjan stressed, at different times, that his 
orientation towards reflective practice arose because, to a large extent, the depart-
ment head—supported by the school’s administrative team (e.g., principal)—in his 
first school set a tone of exploration for department colleagues. Mirjan said, for 
example: “The leader … was, I would say, a more forward-thinking teacher. 
Leadership is important. He wanted to innovate in the science department by intro-
ducing … cross-curricular assignments” (Interview, July 30, 2013). Although he 
noted that most of his colleagues, while innovative, did not take their instruction 
beyond levels #1 and 2 in Table 9.1, he felt habits of reflective practice were rein-
forced from the very beginning of his teaching career. Particularly in the context of 
larger schools, Mirjan suggested that an essential condition enabling him to develop 
and explore new approaches was his freedom to ‘step aside from collaboration’ with 
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colleagues teaching other sections of the same course. This was a routine practice 
for any teacher who wanted to innovate in the first school. It also was, though, a 
circumstance he experienced in the first year of his new, more conservative, school 
in the second year of the project. He was hired there with recognition that he was 
performing differently than most teachers and, accordingly, was allowed to teach 
courses for which there were no other sections—which meant he could freely 
explore different approaches in his teaching.

Over the three semesters of our collaboration (since Sept. 2011), Mirjan had 
developed and implemented numerous lessons and activities based on the pedagogi-
cal framework shown in Fig. 9.4. By the point of this study, he was able to imple-
ment it relatively fully—with two apprenticeships for RiNA prior to encouraging 
and enabling students to, to a great extent, self-direct RiNA projects. As discussed 
above, a major factor enabling him to implement this framework was the decision 
of the science department head to allow Mirjan to independently teach courses in 
his first year at the school. From previous studies of use of this framework, we con-
cluded that this seemed to be an effective approach to enabling and promoting 
student- led research-informed and negotiated actions to address SSIs of student 
concern/interest (e.g., Bencze et al. 2012). In the study reported here, as outlined 
above (and in Appendix A), Mirjan chose to infuse ANT into this framework in the 
second unit (chemistry), rather than the first one, so that students would first become 
generally aware of and confident with RiNA prior to being introduced to a new and 
complex sets of concepts surrounding actor-network theory. The approaches Mirjan 
chose to use during the second unit appeared to be particularly effective in helping 
students to understand ANT, to develop critical conceptions of their chosen issues 
and to engage, apparently, in more critical actions to address them—thus, achieving 
Levinson’s (2010) ‘dissent and conflict’ level of citizen engagement. There is con-
siderable evidence to support these claims. In examining the actor-network devel-
oped by ‘Connie’ (Fig. 9.6) and her subsequent video (refer to Fig. 9.7 and transcript 
notes, above), for example, there is very clear evidence of Mirjan’s use of The Story 
of Stuff and The Story of Cosmetics, along with the Trojan horse metaphor. In other 
words, while the actor-network drawing and video are both organized in terms of 
the materials economy (i.e., Extraction → Production → Distribution → Consumption 
→ Disposal), they also are broadly organized into groups of actants supporting posi-
tive semiotic messages (e.g., Foundation makeup is ‘good’) that appear to occlude 
actants that, if made more prominent, may support much less flattering semiotic 
messages (e.g., ‘problematic’). Most student teams in Mirjan’s class included these 
aspects in their networks and actions.

Finally, given Mirjan’s ANT-infusion project occurred in the context of a science 
department where teaching has been very traditional (e.g., focused mostly on 
instruction in products of science and technology using relatively didactic 
approaches), it should be no surprise to learn students entering his course were rela-
tively conditioned to common pedagogical practices. Consequently, it was impor-
tant for Mirjan to gradually re-orient students’ conceptions of and comfort with new 
and more diverse pedagogical practices. In the following excerpt from an email 
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message he sent to Larry to describe his experiences with students, it is apparent 
that he seemed to be handling this complexity well:

[S]tudents are coping with a two-[or 3]-tier instructional program in my class. Let me 
explain: as you know, traditionally students listen to a lesson, take notes, then they do ques-
tions from the textbook, which the teacher may or may not take up the next day; may be 
they do a closed-ended, scripted procedure style lab that proves a concepts (ie. law of con-
servation of mass), they may write a small lab report, then they write a unit test. Somewhere 
in there, an STSE reading is assigned (or a research project) which the students hand in as 
a written report (and it only gets read by the teacher and no one else). I call this a one-tier 
instructional program (for the lack of better words). However, my students are learning to 
cope with a multi-tiered system. So not only are we handling content in also a very ‘instruc-
tionally intelligent’ way (I use a lot of instructional tactics/strategies from Beyond Monet, 
by Barrie Bennett and Carol Rolheiser of OISE), but we are also adding a layer of appren-
ticeship activities (ie. how to conduct correlational studies, learning about activism, photo-
journalism, etc.) which are part of the research-informed activism instructional tier. As 
much as I try to merge the two tiers (i.e. use RiNA as the CONTEXT to drive the learning 
of the CONTENT, that does not always happen) some of the kids MAY feel (and this is my 
hypothesis) that their learning environment is messy. To add to these two tiers, there is the 
third tier of learning additional skills necessary to execute ‘creative’ actions, such as how to 
use Windows Movie Maker™ software, how to publish a video on YouTube™, how to use 
Prezi™, etc. (Oct. 9, 2012; italics and Trademark logos added).

9.5  Uses of Actor-Network Theory in Critical & Activist 
Science Education

There appear to be numerous serious concerns for wellbeing of individuals, societ-
ies and environments associated with decisions made by powerful people and 
groups regarding directions and practices in fields of technoscience. Potential and 
realized harms seem to include social and environmental devastation and disruption 
due to climate change, various illnesses linked to manufactured foods and beverages 
and poverty for billions of people working under poor labour conditions to mine and 
manufacture goods and services for relatively few advantaged individuals. In sci-
ence education in many contexts, such challenges often are treated, however, as 
controversial—often urging students to determine logical and evidence-based per-
sonal decisions about them. On the one hand, such approaches appear to have mer-
its, including in terms of helping students to develop logical reasoning competencies. 
However, according to several scholars (e.g., Hodson, 2011; Levinson, 2010; Dos 
Santos, 2009), students also need to engage in knowledge generation concerning 
issues/problems and critical analyses and social actions to address them—forms of 
citizenship Levinson (2010) calls, respectively, ‘science education as praxis’ and 
‘dissent and conflict.’ While our previous research appears to indicate successes in 
this regard as a result of various strategies encouraging and enabling student-led 
research-informed actions to address socioscientific issues (SSIs) of their interest/
concern, we felt that further approaches were needed to enhance such ends.
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Drawing largely from the work of Stephen J. Ball (2012) and Clayton Pierce 
(2013), along with principles of actor-network theory (ANT), particularly from the 
Bruno Latour (2005), the study reported here was premised on the idea that commit-
ments towards research-informed and negotiated activism could be enhanced by 
encouraging students to consider a broad spectrum of actants and relationships 
among them associated with socioscientific issues. As indicated in Fig. 9.8, instead 
of developing relatively reductionist conceptions of the ‘World,’ such as the equa-
tion for photosynthesis, students may develop much more holistic and realistic ones, 
including critical conceptions of powerful actants such as corporations and The 
World Bank and, in turn, then develop strongly-motivated actions to address their 
concerns relating to such potentially-problematic actants. Data from this study 
appear to provide support for this claim. Students seemed able to understand and 
use at least five major principles of ANT in developing critical conceptions of power 
in relations associated with their SSIs that many of them then seemed to use as bases 
for their actions to address the issues.

In light of actor-network theory, a great variety of actants must align to enable 
uncommon practices like ANT-infused student-led research-informed and negoti-
ated actions to address highly-contentious SSIs of students’ choices. It seems clear 
a teacher must contend with situations in which many actants are aligned to support 
highly didactic instructional practices that, in terms of attention to SSIs, tends to 
favour more teacher-led logical decision-making by students with regards to 

Fig. 9.8 ANT-based RiNA projects on STSE issues
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 arguably less-critical—e.g., in terms of avoidance of attention to matters of political 
economy—socioscientific issues. In the study reported here, while existence of offi-
cial curricular sanctioning of attention to SSIs, research and actions appeared to 
help, it also seems clear that student learning outcomes reported here (e.g., regard-
ing ‘praxis’ and ‘dissent & conflict’) may not have been very possible without the 
energy, talents and perspectives of a very special teacher, Mirjan, whose persistent 
desire for instructional reflecton and improvement appeared to contribute greatly to 
his implementation of an ANT-infused activist programme. At the same time, it also 
seems clear his association with a researcher-facilitator (Larry) seemed to contrib-
ute greatly to apparently successful pedagogical decisions, such as: a teacher-led 
Socratic discussion about actor-network theory, aided by use of a personally-drawn 
actor-network depiction of an SSI (i.e., regarding cell phones), the Trojan Horse 
analogy/metaphor and videos from The Story of Stuff™ activist series.

Given the very narrow context of the study reported here, including in terms of 
its status as an instrumental case study of one teacher’s instructional experiences 
with a class of tenth-grade students, the external validity/transferability of our 
claims must be considered limited—largely dependent on interpretations of indi-
vidual readers (Guba & Lincoln, 2011). Moreover, the likelihood of many other 
science teachers implementing activities depicted here seems limited—given the 
extent to which a range of actants would have to be re-aligned, such as in terms of a 
teacher’s professional development, particular curricular change, availability of 
alternative theoretical frameworks (e.g., ANT), etc. Nevertheless, we suggest that 
ways need to be found to re-align actants to enable such practices exhibited here. As 
argued earlier, for at least the reason that many socioscientific issues are associated 
with potentially serious personal, social and/or environmental problems, we and 
others believe societies need to become more activist in nature. Our study suggests, 
following Pierce (2013), especially, that infusion of principles of actor-network 
theory into apprenticeship activities promoting research-informed and negotiated 
actions to address critical socioscientific issues can be effective, along with align-
ment of several other actants, in allowing students to achieve Levinson’s (2010) 
‘science education as praxis’ and ‘dissent and conflict’ levels of citizen engagement 
in socio-political issues relating to science and technology.

The approaches noted here, while prioritizing students’ self-determination, were 
not entirely neutral. No formal educational experience can, of course, be unbiased. 
Indeed, through uses of actor-network theory, we have introduced students to 
potentially- problematic actants associated with commodities (e.g., Fig. 9.5). This 
tack is recommended for bringing more ‘realism’ and, therefore, democracy, to stu-
dents’ engagement in socioscientific issues (Pierce, 2013). This also aligns with 
Levinson’s (2010) call for significant ‘dissent and conflict’ (Table 9.1) in science 
education as a way of democratizing citizen engagement. It could be argued, how-
ever, that such overt efforts to, in effect, disrupt the GCN is, in itself, anti- democratic. 
We agree that this is, indeed, a tension of the approach offered here. On the other 
hand, it also could be argued that, given the extent to which the GCN appears to be 
overtly and covertly attempting to instill capitalism-friendly perspectives and prac-
tices into the minds of increasingly younger children, through, for example, 
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 advertizing (Acosta-Alzuru & Lester Roushanzamir, 2003; Bakan, 2011), perhaps 
offering youth alternatives to this programme may be justified. At the same time, it 
should be clear that, while dissent and conflict are urged here, student-led decision- 
making also was prioritized. We encouraged, for instance, students to make judge-
ments they considered ethical in World ←→ Sign translations—including regarding 
ideological gaps in them (Fig. 9.3).

 Appendix A: Grade 10 Academic Science: Chemistry 
Research-Informed STSE Action Project

*Each lesson presented here is intended for a 75 minute period*

 Introduction

Most of our everyday products that we, in developed and industrialized countries, 
use and/or consume involve the use of chemicals and chemical reactions. From the 
moment that you get up from your bed in the morning you start to interact with 
everyday substances such as soaps, toothpaste, shampoos, body sprays, etc. You 
may be taking multivitamin supplements, wearing wrinkle resistant shirts or drink-
ing carbonated (or non-carbonated) beverages. All of these products contain 
chemicals.

 Group Activity

 

 1. In a group of three to four students, do a two to three minute brainstorm to out-
line a list of everyday products containing chemicals that you use at home.

 2. Create a chart to show at least one positive and one negative consequences of 
each product on the well-being of societies and/or environments.

Lesson 1: Expressing your ideas
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 3. In another column of the same chart list any information you would need to 
research in order to state the positive and negative consequences of the product.

 4. Consider the image of a Trojan horse. The Trojan horse was a great example 
where warriors were hidden inside a giant horse statue and delivered into the 
heart of the city. The town’s people saw how great a gift the horse was but didn’t 
realize what was lurking inside. Discuss with your group how the Trojan horse 
metaphor is relates to the products you listed in your table.

 5. Consider the following statement: Be it resolved that companies should reduce 
the use of harmful chemicals in their products even if it compromises the product 
effectiveness. Decide if you strongly agree, somewhat agree, strongly disagree or 
somewhat disagree with this statement. Move to the corner of the classroom that 
best represents your view. Discuss your position with a partner or in a group of 
three when you get to your appropriate corner of the room.

The whole life cycle of a product (from its creation through to its disposal) needs 
to be taken into account when considering its impact on the well-being of individu-
als, societies and environments. This is where we begin with a deeper exploration of 
various chemical products, which on the surface may appear to be a simple product, 
but in reality there are many components that link together in the life cycle of a 
product.

 Activity

 

 1. Watch “The Story of Stuff” with Annie Leonard.
 2. Fill in the table below stating at least one negative consequence on the well- 

being of individuals, societies and environments during each stage in the lifecy-
cle of a product.

Lesson 2: Lifecycle of a Product
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Stage of the lifecycle 
of a product

Negative 
consequence on 
individuals

Negative 
consequence on 
societies

Negative consequence 
on environments

Extraction
Production
Distribution
Consumption
Disposal

 3. Discuss the consequences with your group, then with the whole class (teacher 
guided discussion). Ensure that your table is complete as you will need this 
information for the next stage of your research-informed action project.

Many products come with negative features which are often masked to make the 
product appear a certain way. This is analogous to the Trojan horse we explored 
earlier. The negative aspects of many personal hygiene products are usually kept 
away from the general public. We only see what the companies want us to see so 
they attract the consumers and generate as much profit.

Goals of the Lesson and Your Task

 

 1. Your teacher will create a mind map for a ‘smart phone’ showing some of the 
most important components (living and nonliving) during the lifecycle of this 
product. We will begin to uncover some of the hidden social and environmental 
costs that are often hidden from the general public.

 2. You will pick one personal hygiene product (e.g., shampoo) and start develop-
ing a similar mind map. You can start by expressing what you know already 

Lesson 3: Creating a Mind Map
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based on what you learned from “The Story of Stuff” and the table that you 
completed in class. You are required to do some additional secondary research 
for your first mind map.

 3. It’s important that you show the many links to various components (living/non-
living and hidden messages) for your product as well some of the social and 
environmental costs associated with your product.

 4. Another great video to watch is ‘The Story of Cosmetics’ by Annie Leonard.

 

 

Since the goal of this project is to address an STSE issue (or a few related STSE 
issues) in connection to the personal hygiene product you selected, you will first 
need to identify an issue, or issues, you feel is/are most relevant and most important 
to address through research-informed activism. You will need to revise your original 
mind map according to the instructions below.

Your Goal Is to

 1. Revise your first mind map so that you group different components according to 
overall goals they have. For example, one might represent: advertisers, cell 
phone companies, people who often are seen using cell phones, stores that sell 

Lesson 4: Revising the Mind Map
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cell phones, etc. All of these may be aligned to support such common hidden 
messages like, cell phones are ‘cool,’ ‘sleek,’ ‘powerful,’ etc. You may put circles 
around groups of components that operate as a unit, or color code these 
components.

 2. With another circle, or another colour, show living and non-living components 
that might tell a different story, which is often less prominent in society. For 
example, if we consider cell phones again, this might include: miners in develop-
ing countries, living things adversely affected by mining, people with cancer 
from cell phone energy waves, landfills with heaps of cell phones in them, etc. 
The components in this circle/or with this colour code—if it were more promi-
nent - might send messages like, ‘cell phones are harmful/toxic,’ ‘they separate 
people from each other,’ etc.

 3. Identify less prominent messages that may be important in society about 
your selected chemical product. For example, many personal hygiene prod-
ucts, like shampoos, contain some possible carcinogenic substances or neurotox-
ins which can affect our health. One or more of these less prominent messages 
will become the STSE issue(s) that you will address with your group through 
your choice of actions.

 

Purpose To plan and conduct an original investigation (e.g., a correlational study) 
about a personal hygiene product of your choice. It would be best if your investiga-
tion relates to one or more of the less prominent messages/STSE issues you 
identified.

Getting Started

List of possible investigations that your group can do:

• Design an investigation to determine what smells/fragrances of soaps/shampoos 
are preferred by teenage boys and girls and how fragrance seems to be used as a 
marketing tool.

Lesson 5: Conducting primary research into your chemical product
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• Evaluate various labeling claims used on several brand name products as accept-
able or unacceptable (according to Heath Canada Guidelines for Labeling 
Claims: http://www.hc-sc.gc.ca/cps-spc/pubs/indust/cosmet/index-eng.php#s2 ).

• "If you can hook teens when they’re young, you have a customer for a lifetime," 
said Matt Britton, chief of brand development at Mr. Youth, a marketing firm. 
Design an investigation to study various methods that markers/advertisers use to 
entice teenage boys and girls to buy a particular product. For example, you may 
look at particular ads and determine if there is a difference in the way that boys 
vs. girls perceive these ads.

• Design a controlled experiment to test stability of personal hygiene products (see 
http://www.intertek.com/beauty-products/testing/cosmetic-stability/). For exam-
ple, for your product you may look at pH, viscosity, appearance/colour and odour 
at various conditions such as different temperatures, different amounts of light 
and/or free-thaw conditions.

• Design and carry out a correlational study to determine how hypgeine products 
for girls and boys differ in hidden messages; e.g., how they make the user feel 
(refer to: http://www.beautypackaging.com/articles/2003/11/semiotics-research- 
deciphering-packaging-codes-rev)

• Your idea…discuss it with the teacher and get it approved before beginning the 
investigation.

Developing a Method and Preparing for Your Investigation

 1. After you decide which investigation you’d like to perform with your group, you 
need to first come up with method to conduct your investigation. Plan it so that 
its results may be ‘trustworthy’; e.g., valid and reliable.

 2. Make sure that you show your method to your teacher before beginning the 
investigation.

 3. As part of your preparation to conduct an investigation, you need to have all your 
materials ready. For example, if you conduct a study, you need to have your sur-
vey questions developed. If you are studying particular ads for your product, you 
need to have these ready as well.

Collecting and Analyzing Data

 1. Remember that your data can be both qualitative (descriptive, no numbers used) 
and quantitative (usually numerical data). The type of investigation you chose 
will determine whether your data is qualitative and/or quantitative.

 2. All data needs to be summarized in a properly labeled Table.
 3. Quantitative data should be shown graphically—as a bar, line or pie graph.
 4. Graphs should have titles with properly labeled axis.

9 Students’ Uses of Actor-Network Theory to Contextualize Socioscientific Actions
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Interpreting Data and Drawing Conclusions

 1. You should make sense of what your results show by interpreting your results. 
Can your original focus question be answered using the data you collected? 
What does your data suggest? What conclusions can you make from your pri-
mary research?

 2. What are some possible weaknesses in your investigation and how can they be 
addressed?

 

The last stage of your research-informed action project is to prepare for and take 
action to address an STSE issue related to the personal hygiene product you selected. 
You will be given one class period in which you will work with your group to pro-
pose and prepare for your actions. Your actions should be informed by both your 
secondary and primary research.

Your Goal Is to

 1. Propose an action that your group can take to address the issue you identified.
 2. Develop ready-to-use action materials. You will need to spend additional time 

outside of the designated class time to work on your ready-to-use action 
materials.

 3. Present and defend your actions during a 10-muinute class presentation.

Ideas for Actions

• A public service announcement about the health and environmental effects of 
chemicals in shampoos, or lead additives in cosmetics

• An exposition/narrative about the lives of miners/factory workers affected during 
the extraction or production stages of development of your selected product

• A letter to powerful groups (e.g., Health Canada) asking for better regulations of 
chemicals in everyday products

Lesson 6: Preparing for and taking action: Consumer Activism!
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• Students may propose safer/healthier and greener alternatives to some personal 
care products and develop a campaign to promote their use over other products

• Other actions of your choice—get them approved by your teacher

At the end of this research-informed action project, you will be assessed and evalu-
ated on the following components:

 (i) Initial and revised mind maps
 (ii) Results and conclusions of your primary investigation
 (iii) Ready-to-use action materials/actions you propose and take
 (iv) 10 minute presentation defending your actions

Mirjan Krstovic, 2013
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Chapter 10
Science Students’ Ethical Technology Designs 
as Solutions to Socio-scientific Problems

Larry Bencze  and Mirjan Krstovic

10.1  Introduction

Much of the world seems to be in dire straits—although many of us living in certain 
advantaged parts of the world and/or in certain advantaged segments of societies 
seem relatively oblivious to difficulties around us. Despite increases in the Middle 
Class in China and India, for instance, overall global differences between rich and 
poor have recently increased—and, apparently, due to capitalism, are destined to 
continue to increase (Piketty, 2014). Associated with massive poverty increases, 
apparently, are government-supported efforts to make work more precarious; that 
is, more part-time (if not without any guaranteed work hours) and with minimal 
labour benefits (e.g., health care and environmental protections) (Hardt & Negri, 
2009; McMurtry, 2013; Pierce, 2013). Apparently strongly-linked to wealth accu-
mulation by small fractions of societies, meanwhile, are considerable harms to 
health of many people, other living things and environments. Arguably at the top of 
the list in this regard is devastating climate change (Klein, 2014), but harms from a 
range of consumer products—such as cigarettes, pesticides, household cleansers, 
radiation and food additives—also plague us (McMurtry, 2013).

Given that fields of science and technology are implicated, to some extent, in 
many of the harms noted above, and given that school science has, for many years, 
included mandates (at least) to educate citizens about possible harms associated 
with relationships amongst fields of science and technology and members of societ-
ies and environments, there seems to be some hope for a better world. On the other 
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hand, recent dramatic emphases on identification and education of workers in 
STEM (Science, Technology, Engineering & Mathematics) fields, apparently 
largely for economic reasons, seem to threaten efforts to educate citizens about 
‘science-linked’ personal, social and/or environmental problems and provide them 
with expertise, confidence and motivation to address such problems in direct ways. 
In this chapter, however, we report some successes in encouraging and enabling 
youth to develop technology designs that, in addition to being relatively functional, 
take into consideration potential for wellbeing of individuals, societies and environ-
ments. In light of the seemingly hegemonic nature of STEM education emphases, 
the approach reported here may offer citizens a form of STEM education that uses 
fields of science and technology (and related disciplines) for wellbeing of larger 
fractions of societies and environments.

10.2  Theoretical Background

Although fields of science and technology appear to have contributed many benefits 
to societies, not the least of which perhaps include increases in human health and 
longevity related to developments in medical and agricultural sciences and technol-
ogy, there also are apparent causes for concern. Additives to manufactured and ‘fast’ 
foods, for instance, often are linked to human health problems like cardio-vascular 
disease, cancer and diabetes (Weber, 2009). Perhaps most worrisome, however, are 
many devastating potential (and realized) harms to individuals, societies and envi-
ronments due to climate change often linked to excessive petroleum uses (Klein, 
2014). Reasons for such harms are, undoubtedly, complex. In light of actor-network 
theory (Latour, 2005), for instance, all living and nonliving things (and symbolic 
entities, like ‘prestige’) are linked—to varying degrees—to each other. Accordingly, 
sharing ‘culpability’ with fields of science and technology may be, for example, 
governments and laws they enact and many citizens indicating desires and needs for 
products and services of such fields.

Having acknowledged distributed ‘blame,’ however, underlying many harms 
appears to be intense and pervasive consumerism promoted by capitalists and oth-
ers. In his book, Consumed, Benjamin Barber (2007) says consumerist enticements 
are: ubiquitous (everywhere); omnipresent (always there); addictive (creates rein-
forcements); self-replicating (spreads ‘virally’); and, omnilegitimate (self- 
promotional). Although those of us doing most of the consuming may feel better 
through our purchases, enjoyment often is fleeting; and, through various means, we 
often discard commodities, only to replace them with ‘new’ ones—often at the 
expense of various harms to wellbeing of individuals, societies and environments 
(Leonard, 2010). Again, while not alone, by any means, major contributions to con-
sumerism and associated harms appear to be fields of science and technology. A 
way to envision their roles seems to be through Roth’s (2001) depiction of relation-
ships between science and technology, as illustrated in Fig. 10.1. Before discussing 
their roles in consumerism, however, it may be helpful to point out some  fundamental 
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features of relationships between the two processes. Firstly, although science and 
technology may be considered opposite translations (i.e., ‘Science’ = [World → 
Sign]; ‘Technology’ = [Sign → World]), perhaps because they co-affect each other 
(are reciprocal) they should be thought of as one combined entity, sometimes called, 
technoscience (Sismondo, 2008). Secondly, while there may be translation incon-
sistencies (‘ontological gaps’ due to differences in translated entities) between 
World and Sign (in both directions), negotiations among technoscientists and others 
over many years may help reduce these (Ziman, 2000).

In terms of consumerism, the schematic in Fig. 10.1 includes consideration of 
possible ideological gaps; that is, purposeful inconsistencies in translations between 
World and Sign. Such mistranslations often seem to occur when technoscientists are 
funded by the private sector—which seems to apply to those working directly for 
companies and, as well, university-based ‘academic’ scientists. While academic sci-
entists have used private money for at least the last century, private funding of 
university- based scientists became legalized in about 1980 with passage of the 
Bayh-Dole Act in the USA—a practice that then spread to other countries (Mirowski, 
2011). At about the same time, recognizing that companies and fields of technosci-
ence had developed dramatic increases in production capabilities (more commodi-
ties [‘Phenomena’ in Fig.  10.1]), capitalists began emphasizing generation of 
consumer desires for commodities—prioritizing repeating consumption-disposal 
cycles among consumers with few needs (mostly in ‘advantaged’ places). This is 
largely accomplished through product design and advertising, which (referring to 
Fig. 10.1) emphasize invention of abstract idealizations (‘Representations’) that are 
associated with commodities. Such representations of commodities as ‘cool,’ ‘slick,’ 
‘powerful’ and ‘sexy’ may be highly detached (large [ideological] gaps) from the 
Phenomena (commodities) they are to represent, yet consumers apparently often 
associate them with the real commodities. These representations are said to be 
hyperreal, meaning that people confuse them with real phenomena (Baudrillard, 
1998). With consumers distracted by abstract idealizations in their purchases, com-
panies can then compromise the quality of commodities people are consuming. In 
such cases, there would be large gaps between the idealized representations and the 
compromised phenomena/commodities. Governments have given companies the 

Fig. 10.1 Depiction of relationships between science & technology
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right to compromise the quality of products (and labour used to make them) for the 
sake of profit—by externalizing their costs (transferring them to others) (McMurtry, 
2013). Examples of commodities that are sold on the basis of idealized representa-
tions while having compromised qualities include: cigarettes (Barnes, Hammond, & 
Glantz, 2006), pesticides (Hileman, 1998), fast foods and other manufactured foods 
(e.g., Weber, 2009), household cleansers (e.g., Vasil, 2007), petroleum products and 
petroleum-powered vehicles (Klein, 2014) and biotechnology (Kleinman, 2003). 
Pharmaceutical companies may compromise drug quality by, for instance, testing of 
‘new’ drugs that have only had minor modifications against placebos and by testing 
them with young subjects, who are less likely to experience negative side-effects 
(Angell, 2004). In this light, many commodities seem to function as Trojan horses—
highly attractive on the outside, but housing various hidden dangers inside. In terms 
of actor-network theory (ANT), commodities are—in other words—punctualized 
(Callon, 1991); that is, made to appear as isolated entities (e.g., ‘smart’ phone), 
while actually being connected to a range of (possibly problematic) ones, such as 
transnational corporations, poor labourers and banks (McMurtry, 2013).

Given various personal, social and/or environmental harms linked to fields of 
technoscience (associated with many other entities), particularly in terms of their 
roles in consumerism, it seems clear citizens must be educated about such possible 
harms, networks associated with them and possible ways to address relevant con-
cerns. There is, indeed, potential for such consumer education. Jurisdictions around 
the world have—for at least the last four decades—included in curricula opportuni-
ties for students to understand (possibly problematic) relationships among fields of 
science and technology and societies (including financiers) and environments 
(STSE) (Pedretti & Nazir, 2011). It is apparent, however, that potential problems 
associated with STSE relationships often are treated as controversial. Often known 
as education in socioscientific issues (SSIs) (Sadler, 2011), students frequently are 
asked to consider disputed data and differing opinions of various ‘stakeholders’ 
(e.g., scientists, citizens, government officials, etc.) relating to products and services 
of science and technology and develop argumentative personal decisions about 
them. Zeidler, Sadler, Applebaum, and Callahan (2009), for example, who have had 
significant influences on the nature of SSI education, summarize the approach this 
way: “Central to this approach is the concerted effort to provide opportunities for 
students to reflect on issues in order to evaluate claims, analyze evidence, and assess 
multiple viewpoints regarding ethical issues on scientific topics through social 
interaction and discourse” (p. 75). On the one hand, common practices reported in 
research papers suggest that focus on SSIs can lead to several important learning 
outcomes, including those relating to: products of science (e.g., laws & theories) 
(Venville & Dawson, 2010), socioscientific reasoning skills (Sadler, Barab, & Scott, 
B, 2007) and the natureof science (e.g., non-linear nature of inquiry) (Khishfe & 
Lederman, 2006). Despite such apparent gains, relatively individualized approaches 
to SSI education seem limiting. According to Levinson (2010), such approaches 
provide either ‘Deficit’ or ‘Deliberative’ models of citizenship, both of which seem 
to reserve ultimate decisions about controversies to experts (e.g., scientists) and/or 
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those with power (e.g., governments and corporations). Education of this type 
seems appropriate for citizenship in representative democracies, within which 
 politicians promise to represent citizens’ wishes through periodic campaigning for 
their support (Wood, 1998). However, there are concerns that people with power 
cannot always be trusted. Indeed, there are suggestions that members of the private 
sector have paid some scientists and engineers to cast doubt on (create ‘issues’ 
about) science that would reveal problems with various commercial products and 
services, such as cigarettes, petroleum, pesticides, and weaponry (Oreskes & 
Conway, 2010). Some pro-industry governments, meanwhile, seem to have taken 
steps to either limit such science or prevent relevant scientists from reporting results 
that would discredit commodities (Turner, 2013).

In light of concerns about capitalists’ influences on governments and fields of 
technoscience, it seems that we need greater citizen vigilance and, where appropri-
ate, actions to address their concerns (Bencze & Alsop, 2014; Hodson, 2011; dos 
Santos, 2009). Ralph Levinson (Levinson, 2010), in his review of socioscientific 
education approaches, agrees; suggesting schools need to provide students with 
models of citizenship involving ‘Praxis’ (e.g., reflective engagement) and ‘Dissent 
and Conflict’ (e.g., critique and protest). Very recently, however, there are concerns 
that such approaches to science education may be severely limited by fast-emerging 
and broadly-accepted ‘STEM’ (Science, Technology, Engineering & Mathematics) 
education initiatives. On the one hand, there appears to be much to celebrate about 
STEM education movements. By their very nature, in the sense of promotion of 
interrelationships among and/or integration of the four STEM fields, they are much 
more realistic than highly reductionist single-subject teaching/learning (Rennie, 
Venville, & Wallace, 2012). The initiatives’ frequent promotion of greater inclusiv-
ity—e.g., encouraging more participation by females and people of colour—in 
STEM fields also seems laudable. On the other hand, several scholars suggest that 
STEM education is extremely reductionist—in terms of its apparent pre-occupation 
with identifying and training potential workers in STEM fields with the hope they 
will help jurisdictions (e.g., provinces/states and countries) compete in international 
economic markets (Bencze, Reiss, Sharma, & Weinstein, in press; Pierce, 2013). 
Apparently largely because of foci on jobs and economic productivity, STEM edu-
cation tends to de-emphasize studies of socioscientific issues, including by limiting 
students’ consideration of perspectives from the humanities (Zeidler, 2016) and, 
perhaps more importantly (given the discussion above about problems associated 
with politician-supported capitalism), by its tendency to present students with 
highly apolitical conceptions of goals, methods and outcomes of STEM fields 
(Gough, 2015; Hoeg, & Bencze, 2017).

Given the immense power of highly reductionist, idealized, STEM education 
initiatives, stopping them seems highly unlikely—and reforming them seems … 
difficult. ‘Attacking’ (i.e., critiquing) them also can be problematic. As Paulo Freire 
(1997) suggested, liberators may take on characteristics of their oppressors through 
dialectical relationships between them. Consequently, Michael Hardt and Antonio 
Negri (2009) advised that it may be better to develop alternatives. Such a tack, 
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moreover, seems to have merit in light of Kuhn’s (1970) conclusion that dominant 
paradigms can only be replaced (or evolved) if alternatives exist. One such alterna-
tive is discussed through the research and development project summarized below.

10.3  Research Context and Methods

Since 2006, Larry (first author here) has been supporting teachers in efforts to 
encourage and enable students to self-direct research-informed and negotiated 
action (RiNA) projects to address their concerns about socioscientific issues—such 
as the extent to which governments should regulate various businesses that may be 
contributing to problems (e.g., climate change, species losses, warfare and human 
diseases) for wellbeing of individuals, societies and/or environments (WISE). The 
basis for this work has been the ‘STEPWISE’ (Science & Technology Education 
Promoting Wellbeing for Individuals, Societies & Environments [see: www.step-
wiser.ca]) theoretical framework, which organizes four teaching/learning domains 
(i.e., STSE Education, SkillsEducation, Products Education & Students’ Research) 
into a tetrahedron, with reciprocal relationships among all four domains and between 
them and STSE Actions. A basic premise of this framework is that students are 
encouraged to ‘spend’ some of their cultural, social and other forms of capital 
(Bourdieu, 1986) on actions for common benefits—which seems antithetical to edu-
cation based on neoliberal capitalism, which tends to prioritize individual posses-
siveness (McMurtry, 2013). The framework also is meant to be highly 
interdisciplinary, particularly with its emphasis on critical STSE education—
encouraging students to consider a wide range of actants that may relate to such 
fields as sociology, politics, economics, history, philosophy, as well as fields of 
technoscience. Accordingly, STEPWISE may be considered an alternative form of 
STEM education.

Among teachers engaged in work with STEPWISE, Mirjan (second author here) 
stands out as having had considerable relevant successes (Chaps. 6 & 11, this vol-
ume; Krstovic, 2014). He has implemented—with Larry serving as ‘researcher- 
facilitator’—STEPWISE-informed activities in at least one science course each 
semester (Sept.-Jan; Feb-June) since Sept. 2011. At that time, he was beginning his 
seventh year of teaching and was enrolled in a graduate programme leading to a 
Masters of Education degree (which he has now completed). During the time that he 
worked on the STEPWISE project, he developed considerable confidence and 
expertise (as well as numerous relevant instructional resources) for STEPWISE 
implementation.

Up until the time of the study reported here, Mirjan’s previous instructional 
activities based on the STEPWISE framework had mainly emphasized strategies for 
helping students to gain expertise and confidence regarding the nature of STSE 
issues, primary (e.g. correlational studies) and secondary (e.g., Internet searches) 
research and uses of such information for developing (and, sometimes, enacting) 
personal and social actions to address issues. In terms of actions to take, Mirjan had 
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shared possibilities (with relevant student and citizen sample actions) like those 
depicted in Fig. 10.2. For the most part, when given a choice (which students invari-
able were), most students chose to develop and implement the following action 
types: ‘Improve Personal Actions’ (e.g., less water use); ‘Educate Others’ (e.g., 
posters, pamphlets, YouTube™ videos, Twitter™ feeds, etc.) and ‘Lobby 
 Power- brokers’ (e.g., letters to government and businesses). We have not studied 
reasons for their choices. Just prior to the project reported here, however, we decided 
that students could benefit from learning to ‘Develop Better Inventions’ (Fig. 10.2). 
Mirjan had taken a graduate course conducted by Larry that dealt with history, phi-
losophy and sociology of science (and, to some extent, technology) and, conse-
quently, he was familiar with relationships between fields of science and 
technology—as discussed above (also, refer to Fig. 10.1). In discussing future revi-
sions to his teaching based on STEPWISE, Larry suggested that Mirjan teach stu-
dents in at least one of his classes about possibilities for technology design as forms 
of actions on STSE issues—including teaching them some things about the nature 
of technology design. Although he supported the idea of teaching about technology 
design, his background was in science (Hon. B.Sc., Molecular Biology) and he had 
only taught school science. So, Larry shared with him an article he had written sev-
eral years ago (Bencze, 2001) that described teachers’ efforts to encourage and 
enable students to conduct technology design projects, along with several relevant 
‘skills education’ resources (goo.gl/tPILNi). In line with our previous work, Mirjan 

Fig. 10.2 STSE action types
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aimed to develop instructional strategies that would help students to eventually self- 
direct research-informed and negotiated actions (RiNA) that may help to improve 
the wellbeing of individuals, societies and environments (WISE). In light of his 
decision to encourage and enable students to develop and implement technology 
designs that may promote WISE, we called the project about which we are reporting 
here ‘WISE TechDesign.’

To implement the WISE TechDesign project, Mirjan incorporated relevant 
instructional strategies into the pedagogical framework he had been using for 
STEPWISE implementation since Sept. 2011. This framework, illustrated in 
Fig. 10.3, is a linear version of the tetrahedral STEPWISE framework. While it may 
not be as theoretically-sound as the tetrahedral version (which is more holistic), 
most (if not all) teachers have elected to use this more linear version (Bencze & 
Carter, 2011). The basic premise of this approach is that students are provided with 
‘apprenticeship’ lessons and activities that, eventually, will give them sufficient 
expertise and confidence enabling them to self-direct RiNA projects to address 
STSE issues of their concern/interest (STSE education is the first of three goals of 
science curricula in Ontario [e.g., MoE, 2008], the site of this research). The appren-
ticeship lessons and activities are informed by constructivist learning theory, 
encouraging learners to first ‘express’ their pre-instructional attitudes, skills and 
knowledge (regarding STSE issues and RiNA), then be provided (by the teacher) 

Fig. 10.3 Pedagogy for promoting student-led RiNA projects
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with examples of STSE issues and RiNA projects conducted by others before con-
ducting (with, perhaps, some teacher guidance) small-scale RiNA projects on STSE 
issues of their concern/interest.

Because it was the first time he had ever taught students about technology design, 
Mirjan chose to implement the WISE TechDesign project with a class (during the 
Feb-June 2014 semester) of grade 11 ‘academic’ (university-qualifying) chemis-
try—some of whom had experienced STSE-RiNA apprenticeships and conducted 
RiNA projects when they were enrolled in a grade 10 science class taught by Mirjan. 
Appendix A provides outlines of his lessons and activities. His plans allowed him to 
introduce students to a RiNA project assignment that was to feature WISE technol-
ogy design actions early in the course, with the hope that students would not be 
troubled by basic RiNA project concepts and, accordingly, could concentrate on 
learning about WISE technology designs.

Much of the focus of the apprenticeship (Fig. 10.3) can be thought of in terms of 
the theoretical schema for RiNA projects in Fig. 10.4. Mirjan began by first asking 
students, indirectly, to express their pre-conceived notions about STSE issues 
(World → Sign)—by asking them to evaluate some commodities linked to chemis-
try (e.g., ‘sports’ drinks, snack foods, and e-cigarettes). Students also were, how-
ever, asked to brainstorm pre-conceived notions about technology design (about 
revising Signs; and, about Sign → World). Mirjan then taught students about STSE 
issues (Signs) while also teaching them about actor-network theory (ANT) (Latour, 
2005), partly through having students answer RiNA-oriented questions (World ←→ 
Sign) about an activist video produced by a student in his grade 10 science class the 
previous year. In Chap. 9, we describe earlier work with students in Mirjan’s classes 
to use ANT with regards to RiNA projects. With their ANT-informed conceptions of 
STSE issues and technology design, students were then asked to analyze and evalu-
ate some ‘eco-friendly’ businesses (e.g., SunOpta™ [www.sunopta.com], providing 
organic foods). Associated with this, he used Twitter™ to share some WISE tech-
nologies developed by others, such as cardboard furniture (www.youtube.com/

Fig. 10.4 A model for RiNA projects
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watch?v=cOa1kHEiIpg). An ensuing class discussion helped to solidify students’ 
conceptions of STSE issues and actions in terms of actor-network theory. This 
enabled students to then develop actor-network maps (Signs), as recommended by 
Pierce (2013), to depict a chemistry-related commodity (technology) of their inter-
est. They were then expected to brainstorm possible positive and negative effects of 
the commodity on WISE (World ←→ Sign) and, based on that, propose an alterna-
tive technology design (revised Signs). At this point, Mirjan provided students with 
a summary of some major points about STSE issues and RiNA (World ←→ Sign). 
Students were then given the assignment of developing a technology/commodity 
that took into consideration various aspects of WISE (revised Signs → World). As 
part of this process, they also were asked to conduct some secondary (learning 
Signs) and primary (World → Sign) research about their commodities. Based on 
their findings, they were asked to revise their technology designs/commodities 
(Signs) and then defend them in presentations to panels of ‘experts’ (other teachers, 
senior students, and Larry) (revised Signs → World).

In light of the above arguments and strategies, our research goals were to docu-
ment and explain the nature and extent of students’ orientations towards WISE tech-
nology designs as forms of action to address socioscientific issues of their interest. 
To achieve that research agenda, we conducted data-collection and analyses having 
rationalistic and naturalistic characteristics (Guba & Lincoln, 2011). 
Rationalistically, we focused, for example, on students’ orientations towards accom-
modating WISE considerations into their technology design projects. Naturalistically, 
we collected data that enabled emergence of unexpected situational outcomes. Data 
collected from students (ages 16–17) and Mirjan included: Project Work Artefacts: 
Samples of products generated by most students (28) were collected, including: 
issue descriptions, research plans, data collected, written reports, project reflections, 
action plans and forms of action (e.g., design plans, posters, videos); Project 
Instructional Materials: Copies of all of Mirjan’s pedagogical plans and instruc-
tional materials (e.g., handouts, videos, PowerPoint™ presentations, and internet 
site web addresses) were made; Digital Recordings of Students’ Project Work: 
Photographs and videos were produced depicting youth presenting/defending their 
actions in public fora (e.g., to fellow students within and outside of class); Semi- 
structured Interviews: Five students were interviewed twice, near the beginning and 
end of the course. Questions focused on their views about issues, research and 
actions. Mirjan was interviewed 11 times (~ 60 min.) about project progress. All 
interviews were audio-recorded and later transcribed. Regarding analyses, each of 
us coded data for categories and themes—using constant comparative methods 
based on constructivist grounded theory (Charmaz, 2014). Categories and themes 
were then negotiated between us. Member checks with participants were conducted 
to help ensure trustworthiness of claims, each of which was based on at least three 
supporting data sources.

L. Bencze and M. Krstovic

http://www.youtube.com/watch?v=cOa1kHEiIpg


211

10.4  Results and Discussion

10.4.1  Outcomes

Mirjan’s first effort at encouraging school science students to design technologies/
commodities that accommodated WISE considerations seemed relatively success-
ful. While only one of the nine student groups (3–4 students/group) implemented 
their designs (Sign → World, Fig. 10.4), the rest successfully designed technologies 
(revised Signs, Fig.  10.4) that considered various aspects of WISE; including: a 
cologne for males; deodorants for males and females (2 groups); sustainable road 
deicer; and, a board game for WISE choices about batteries.

Perhaps the most significant characteristic of students’ technology designs was 
that they were networked. While they understood ‘technical’ aspects of technology 
design, such as that changing one (‘independent’) variable may lead to both positive 
and negative effects on desirable ‘result’ (dependent) variables, their designs also 
transcended physical products/services, encompassing a range of actants. Consider, 
for instance, design features used by the group that created a new men’s cologne, 
based—to a great extent—on their actor-network map for cologne, given in 
Fig. 10.5:

The cologne itself is made from primarily pure and natural ingredients these include: 
Bergamot essential oil, cedar wood essential oil, lemon, cinnamon sticks, green tea leaves, 
and absolute vodka. Many of our ingredients, if not grown in Canada do not contain harsh 
chemicals so the people working in other countries to harvest cinnamon for example, would 
not be exposed to dangerous fumes. … [T]he production process of cork is less harmful to 
the environment then making a glass or plastic lid, the cork is stripped off the trunk of the 
tree every 9 or 10 years, this does not kill the tree. … Our product would appear more 
attractive to a consumer because they are able to read and identify all seven ingredients and 
maybe even have majority of them in their household (March 21, 2014).

A particularly salient feature of all student groups’ networks appeared to be 
awareness that many commodities were produced by poor people working under 
inadequate labour conditions in far-away places:

[I]f you have a product and you are producing it in a Third World country, where you are 
not giving people the proper amount of pay and they are living in a low [‘destitute’] place, 
then that society is not doing well – and that is partly due to your product … [and] … [W]
e strongly believe in fair wages, unlike other manufacturing plants around the world, and 
will only employ legal and adult workers. … What makes our product more attractive to a 
consumer than the original antiperspirants is that it hides nothing behind closed doors. … 
[I]t is a ‘what you see is what you get’ type of product … (Antiperspirants Group, March 
21, 2014).

Prior to instructional activities in this unit, when they were asked about common 
commodities, they made statements like: “It’s okay to eat processed foods (snacks, 
fast food) because companies are always finding ways to make them more nutritious 
(e.g. adding vitamins).”
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The significance of students’ designs can largely be understood in terms of the 
schematic in Fig. 10.4. In expressing their pre-conceived notions of commodities, 
especially those that became the subject of the technology designs (e.g., cologne) 
and conducting research (secondary and primary), students were able to negotiate 
representations (e.g., Signs, like the network map in Fig.  10.5) of commodities, 
which were—to a great extent—also influenced by their anticipation of effects 
these commodities may have on WISE (e.g., use of aerosol cans vs. glass bottles for 

Fig. 10.5 Students’ actor-network map for ‘Cologne’
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environmental wellbeing). Although most students may not have brought about bet-
ter Worlds that they perhaps hoped with their designs, they imagined them (Sign → 
World is imagined). Perhaps the most significant feature of their designs, however, 
was that they had de-punctualized the commodities being re-invented. Punctualization 
is a process by which a complex actor-network is ‘black-boxed; that is, made to 
appear as a single actant, while still being dynamically connected to many other 
actants (Callon, 1991). Often, for-profit commodities are punctualized and, with 
marketing, appear—like a Trojan horse—positive on the outside (e.g., sexy’) while 
harbouring (when black-boxed) potentially-harmful actants on the inside (e.g., 
unfair labour practices). De-punctualization exposes complex networks of which 
apparently single actants are composed and connected—such as those students sug-
gested were connected to a cologne they studied (Fig. 10.5). In terms of the schema 
in Fig. 10.4, the much greater complexity and ‘critical authenticity’ (Pierce, 2013) 
of students’ Signs and imagined Worlds suggests that the ideological gaps in (mostly 
imagined) translations from Sign to World are much more ethical than often is the 
case when capitalists influence such translations (as discussed above, under 
Theoretical Background).

In developing research-informed and negotiated ‘WISE’ technology designs as 
socio-political actions, it is apparent that most of the students in this study achieved 
Levinson’s (2010) ‘Science education as praxis’ and ‘Dissent and Conflict’ levels of 
citizen engagement, which appears to surpass many current programmes promoting 
interactions with socioscientific issues (Gough, 2015; Levinson, 2010; Pedretti & 
Nazir, 2011; Zeidler, 2016).

10.5  Contributing Factors

In analyzing data, it was apparent that—like many teaching/learning contexts—
myriad factors likely influenced results like those reported above. In terms of actor- 
network theory (Latour, 2005), no one actant can be identified as an individual 
factor contributing to outcomes reported above. To do so would be to punctualize 
networks of which the above (and other) outcomes are a part. Using an ANT lens, 
one way of explaining the above results is in terms of dispositifs; that is, Michel 
Foucault’s (2008) concept of “coupling of a set of practices and a regime of truth 
[that] form an apparatus” (p. 19). A dispositif is, in other words, a set of actants that 
are aligned to achieve particular purposes—such as, in this case, student orienta-
tions towards envisaging technology designs/commodities that prioritize, in addi-
tion to their functionality, wellbeing of individuals, societies and environments. 
Ironically, a dispositif could, like any network, become punctualized/black-boxed, 
if not analyzed/de-constructed. Punctualization can be problematic if, as conditions 
change, people are unaware of internal workings of the apparatus. Accordingly, 
there may be some merit in analyzing/de-punctualizing the dispositif that appeared 
to contribute to students’ orientations towards WISE commodity designs.
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It is difficult to know where to start when discussing a dispositif, which is con-
sidered a dynamic and networked ‘phenomenon.’ However, as has been reported 
elsewhere, a starting point for this work appears to be Ontario’s curriculum for 
secondary school science. Although the STEPWISE framework is not acknowl-
edged by Ontario curricula (e.g., MoE, 2008), all of the major curricular elements 
are addressed by the framework. Perhaps most notably, STEPWISE prioritizes 
STSE education and actions. This may account for considerable success of the dis-
positif noted here. Some teachers, including Mirjan (Krstovic, 2014), seemed to 
gain a sense of ‘freedom’ to enact STSE-based education after the STSE learning 
domain was listed as the first overall curriculum goal in 2008 (Bencze, Sperling, & 
Carter, 2012), a movement that was initiated in Canada about two decades earlier 
(CMEC, 1997). On the other hand, it is clear that not many science teachers in 
Ontario are still attending to STSE education to the degree allowed by/promoted in 
curricula (Hodson, 2011; Pedretti & Nazir, 2011). Therefore, some other factors 
may be involved in the dispositif explored here.

It seems quite clear that student achievements regarding WISE technology/com-
modity designs like those reported above were possible, to a great extent, because 
of characteristics of their teacher (Mirjan). He appears to hold views about the 
nature of science (and technology), for instance, that seem to align with more criti-
cal and comprehensive conceptions of STSE relationships that became apart of stu-
dents’ designs (e.g., Fig.  10.5). Through our various interactions (Bencze & 
Krstovic, Chap. 11, this volume), it is clear that Mirjan relatively strongly supports 
Naturalist-Antirealist positions on Loving’s (1991) Scientific Theory Profile—posi-
tions that contrast with Rationalist-Realist positions and, for instance, acknowledge 
that scientists’ decisions are not only based on logic and evidence, but may also 
include influences from various internal and external factors, such as the profit 
motive. Sources of such views, although complex, seem to include his course work 
in graduate studies leading to a Masters of Education degree (which he now holds)—
one of which was a course (taught by Larry) exploring ideas from history, philoso-
phy and sociology of science. It was, indeed, at the end of this course (taught online) 
when Mirjan requested participation in action research led by Larry (whom he had 
not met in person at that time). Although evidence suggests Mirjan already was an 
innovative reflective practitioner (Bencze & Krstovic, Chap. 11, this volume), he 
seemed particularly motivated to pursue research in STSE education after this 
course. With our collaboration, Mirjan has developed considerable expertise and 
confidence for enacting teaching and learning approaches based on STEPWISE 
(Krstovic, 2014). At the time of implementing the WISE TechDesign project 
reported here, he had developed and enacting STEPWISE-informed teaching/learn-
ing materials in five previous semesters (with at least five different classes of stu-
dents). Not only did Mirjan have such expertise and confidence, however. In 
successive interviews (March 21 & June 10, 2014), students in the class under study 
here indicated they already had some expertise/confidence—given that they had 
taken a course the previous year taught by Mirjan that involved research-informed 
and negotiated action projects. Moreover, due to his persistent and relatively obvi-
ous involvement in promotion of RiNA projects, including in collaborating with 
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teaching colleagues in his school, teachers and members of administration and sup-
port staff in Mirjan’s school had become relatively accepting of his efforts in this 
regard (Bencze & Krstovic, Chap. 11, this volume).

With the above actants aligned, it appears that Mirjan was then able to implement 
pedagogical practices that relatively effectively enabled students in his eleventh- 
grade chemistry class to develop research-informed and negotiated technology 
designs as actions that may contribute to improvements in wellbeing of individuals, 
societies and/or environments. As with our previous explorations regarding 
STEPWISE (e.g., Bencze et al., 2012; Krstovic, 2014), the constructivism-informed 
apprenticeship (Fig.  10.3)—which provides exemplars and guided practice—
appeared to be an important contributing factor to students’ general understanding 
of STSE relationships and expertise, confidence and motivation for RiNA projects.

The focus of this chapter, however, deals more specifically with students’ imple-
mentation of technology designs that took into consideration not only their func-
tionality but, moreover, aspects of wellbeing of individuals, societies and 
environments. An important, fundamental, outcome of the apprenticeship seemed to 
be students’ fairly-effective understanding of general processes of technology 
design. In interviews with students during the time that they were learning about 
technology design and WISE considerations, many of them demonstrated consider-
able expertise in this regard. A key concept they all seemed to understand was that 
changes in one variable may be insufficient due to effects of other variables. When 
discussing with them design of a better pen, for instance, one student said: “If you 
only have enough funds to make the product environmentally friendly, maybe you 
are going to have to sacrifice some of the quality. Maybe the smudging [of the ink] 
will be a problem” (March 21, 2014). At the same time, such understanding of com-
plexities (e.g., compromises in) technology design seemed, perhaps more impor-
tantly, related to students’ developing applied understandings of different kinds of 
actants associated with commodities (refer above). When asked about design fea-
tures of lined paper that happened to be nearby during an interview, students noted 
numerous actants relating to paper: “Going back to WISE, it came from trees; how 
they managed to get the ink; a group of people that had to produce it; the machines 
that cut the paper; the idea of how much space people need to record their ideas; the 
paper could be recycled; it’s complementary to the binder [in which it may be 
stored].” Moreover, these conceptions seemed to be clearly linked to the metaphor 
of the Trojan horse often associated with commodities. In explaining the cologne 
they were analyzing and revising, for instance, a group member said:

This product could be compared to the Trojan horse because from the outside it looks like 
a sexy, effective product that will attract many pretty women but we don’t know what harm-
ful chemicals are on the inside. For example, I doubt that everyone who sprays the cologne 
considers the allergic reactions it could cause or the factory workers, miners and landfill 
workers that are all involved in the product life cycle of axe. The “good” smell masks the 
negative side effects of the product and also creates a very unrealistic, even toxic, expecta-
tion of cologne for young boys (Is it Toxic?) (March 31, 2014).

When asked how they came to understand commodities in such networked ways, 
students named two key aspects of the apprenticeship. The first of these were videos 
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that Mirjan used to teach about commodities through ANT.  During the WISE 
TechDesign apprenticeship, students were soon exposed to the Story of Stuff (sto-
ryofstuff.org) video, which uses the Trojan horse metaphor (without naming it) in 
depicting a number of actant types. Associated with this, students also said they 
found the activist video (www.youtube.com/watch?v=WhN6PS1GT9c)—using the 
Trojan horse metaphor in depicting ‘foundation’ cosmetics—prepared by one of 
Mirjan’s former students helpful. However, hearing about ANT analyses of com-
modities from others was not enough. Students also mentioned the importance of 
analyses of ‘green companies’ Mirjan asked them to conduct. One student, for 
instance, said: “I found the [analyses] of the eco-friendly businesses [to] be very 
helpful, as it gave me ideas about my product and how to endorse it. It also showed 
me how many negatives can disappear [be black-boxed] through simple manageable 
ways” (April 3, 2014). Their analyses of ‘green’ companies, indeed, indicated sig-
nificant understanding of ANT and the Trojan horse metaphor, one example of 
which was:

Green Beaver [www.greenbeaver.com] does not have many pollution related actants 
because majority of their ingredients are organically based so as a result no heavy machin-
ery is used in the initial stage of extraction. … The advertisement of this company or one of 
the strong semiotic messages is “natural = healthy”. And the use of ‘mother nature’ rather 
then harmful chemicals” (Student, speaking for her group of 4, March 3, 2014).

Finally, although students did not mention it, it seems logical to assume that Mirjan’s 
decision to visit local eco-friendly businesses and send Twitter™ feeds of examples 
of sustainable products to students would help—demonstrating that he, too, is com-
mitted to WISE technology/commodity design. Examples of such ‘green’ commod-
ities—in this case, from Planet Organic (planetorganic.ca)—are given in Fig. 10.6.

Not only did the activities in the WISE TechDesign apprenticeship seem to help 
students to understand commodities as part of networks, it also seemed to help them 
develop emotional commitments to acting to address relevant concerns exposed 
through such de-punctualization. ‘Cary,’ for example, said:

I think people purposely forget [about hidden actants]. If they are using a product they know 
is made in a Third World country where they are not being paid [well] and stuff, and if they 
really like the product and they want to keep using it, they kind-of pretend they didn’t hear 
[about the poor workers] [They might say,] “It’s not happening in our backyard” (March 21, 
2014).

To this, she added: “Some companies are not going to say, ‘People in poor countries 
make our shoes!” Her group member, ‘Matthew,’ concurred: “They only promote 
the good stuff around it.” In such de-punctualization work, students seemed to 
become particularly concerned for workers in poor countries labouring under poor 
working conditions: “A lot of companies are being more environmentally friendly, 
but they are still using those factories that have unsafe conditions and unfair wages. 
So, is it worth it to buy it [products]? You are still causing harm to people” (‘Mandy,’ 
March 21, 2014). With such realizations, students tended to be very critical of com-
panies—and capitalism, more generally. Apparently speaking for his group, ‘Kerry’ 
said:
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A lot of technologies these days are just focusing on the individuals, not the society and 
environments; because, if you [manufacturer] affect the society and environment, it doesn’t 
really affect your pay [profit]. You [a company] really just want to worry about the con-
sumer, if they are going to buy it [products] or not (March 21, 2014)

To this, he added: “Businesses don’t really care about the environment and stuff 
[social justice?]; they just care about profit” (March 21, 2014). His group member, 
‘Margaret,’ later concurred: “Everything is about money” (June 10, 2014). Indeed, 
students’ motivation to act seemed to largely arise from a sense of subterfuge they 
felt about companies:

Technology is great in many ways; it has saved lives, time, granted “convenience”, and has 
started to become the fuel powering our world. This mainly applies to first world countries. 

Fig. 10.6 Sample ‘Green’ commodities ‘Tweeted’ by Mirjan
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We have a tendency to forget the third world countries that are engulfed by the negative 
effects of technology without getting the chance or opportunity to use it as other societies 
do. For example: child labour, pollution, waste; we do not see it much in our society yet it 
surrounds others in their day to day lives. … To some, it’s their life, their future; and the key 
to innovation. To others, it’s the thing responsible for countless storms, floods, it could be 
the things that claimed their child’s life while mining. … To be brutally honest, I am sur-
rounded by technology mainly by choice due to the way it is portrayed in media. I fall 
victim to the idea that after a phone is a year old, it is useless and “behind”. I always want 
the newest technology and tend to waste a great amount of it. Hardly do I ever consider the 
work that went into making that piece of technology. In a way, it is almost like the phrase, 
“ignorance is bliss”. I felt rather disturbed when I learned more about the industry that I 
along with almost all teens in North America support. … In the future, technology should 
take into consideration the working conditions of the people producing it in the different 
stages and the environmental consequences such as pollution” (‘Erin,’ March 31, 2014).

Such realizations seemed to move students to want to educate others about compa-
nies’ trickery. ‘Cary’ reflected this well when he said: “You have to do this [promote 
WISE commodities] in small steps. You can’t change everything at once. I think you 
need to start small and work your way up. … If everyone is aware of this kind of 
stuff [WISE issues], then corporations will aim to do that [appeal to people’s WISE 
interests], because that is what will raise their profits” (March 21, 2014). Related to 
this, as they said to Larry in the final interview (June 10, 2014), they recognized that 
their actions had to be networked. Indeed, as indicated above, their technology/
commodity designs did attempt to accommodate effects on multiple actants—
including many problematic ones, such as poor labourers in distant countries, that 
are normally hidden.

10.6  Summary and Conclusions

In light of the apparent power of what appear to be capitalist-friendly STEM educa-
tion movements, it seems that opportunities for citizens to gain access to critical 
perspectives about relationships among fields of science and technology and societ-
ies and environments (informed by history, sociology, politics, economics, etc.), 
expertise for critically analysing/evaluating them and expertise and motivation for 
addressing them seem to be significantly compromised. In this chapter, we suggest 
that promotion of research-informed and negotiated technology designs (along with 
other actions) to address apparent socio-scientific problems linked to commodities 
familiar to youth may be one viable alternative to apparent capitalist-friendly STEM 
education movements. Indeed, the focus here on encouraging and enabling students 
to develop designs for commodities that consider possible wellbeing of individuals, 
societies and environments (WISE) seems very necessary—given capitalists’ cur-
rent emphases on encouraging relatively rich people in the world to repeatedly con-
sume and discard for-profit products and services, often at the expense of wellbeing 
of individuals, societies and environments (often in the poorest parts of the world).
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In the study reported here, it was apparent that eleventh-grade chemistry students 
developed critical understandings of and commitments towards STSE relationships 
involving familiar commodities and, based on their secondary and primary research, 
developed technology designs for commodities that they felt would be functional 
but also may improve wellbeing of individuals, societies and environments. Such 
outcomes appeared to be made possible because of development (including ele-
ments prior to the study reported here) of a dispositif—i.e., a network of actants 
aligned to support a common purpose. Fundamental to this dispositif was, appar-
ently, Ontario’s curriculum prioritization of STSE education, research/inquiry and, 
to some extent, activism. The teacher promoting WISE technology designs,  however, 
also was key to the programme’s success, having various congruent epistemological 
and political commitments, experience with RiNA project work, and having influ-
enced his immediate milieu to support work of this type. Such findings are, how-
ever, not particularly new. We have previously seen these factors influence student 
research-informed and negotiated actions. In this study, however, there was evi-
dence to suggest that a combination of use of actor-network theory (aided by vari-
ous media, such as The Story of Stuff videos) and analyses of examples of sustainable 
technologies/commodities greatly assisted students in developing outcomes like 
those described above. Although the dispositif apparently responsible for these out-
comes cannot ever be repeated, this study suggests that alternatives to STEM educa-
tion that prioritize WISE are possible. From a Kuhnian (1970) perspective, however, 
it may be that use of such alternatives to this hegemonic system may require one or 
more ‘crises’ with STEM education—perhaps in the form of efforts to expose its 
apparently problematic aspects—along with offering educators viable alternatives.

 Appendix A

 Grade 11 University Chemistry

 Unit 1: WISE-Technology Design Project

Introduction

The main purpose of this project is for students to propose plans (and possibly 
implement and develop prototypes) for technology that considers the well-being of 
individuals, societies and environments (WISE). You will learn about the relation-
ships between science and technology as you explore effects on WISE of some 
common, but potential hazardous, household chemicals.

Task You will propose WISE-Technology designs that will lessen the harmfulness 
of various chemical products that we find at home, school or workplace. Your cre-
ative ideas can be put to a test and your WISE inventions may contribute to a better 
world.
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Part I – Expressing Your Pre-conceived Ideas

Four Corners Activity

Consider the following statements and decide if you SOMEWHAT AGREE, 
STRONGLY AGREE, SOMEWHAT DISAGREE or STRONGLY DISAGREE.

Statement 1 “Sports drinks are unnecessary and counterproductive for most 
people.”

Statement 2 “It’s okay to eat processed foods (snacks, fast food) because compa-
nies are always finding ways to make them more nutritious (e.g. add-
ing vitamins).”

Academic Controversy

In groups of 4–5 students, you will be assigned to either the PRO or CON side of an 
argument. The teacher will guide you through the academic controversy surround-
ing the following statement:

E-cigarettes, a new form of technology, should be banned

Reflection Journaling

In your reflective journal, write about your perspective regarding the nature of tech-
nology design. Discuss what technology is and what kind of things could be consid-
ered technology? What are some important considerations when making new 
technologies?

Part II – WISE Tech Design

In Part I of WISE Tech Design project you expressed your views on several contro-
versial socio-scientific issues such as sports drinks, processed foods and electronic 
cigarettes, all which could be considered forms of technology. You reflected in your 
journal on a broader view technology and important considerations that need to be 
made when designing new technology.

For Part II of WISE Tech Design, we will discuss various types of actants 
involved in creating new technologies and considerations we need to make when 
designing alternative ‘WISE’ technology.

Video Group Discussion

The Life Story of Foundation
http://www.youtube.com/watch?v=WhN6PS1GT9cv by a grade 10 student from 

last year
Watch the video above and in your group discuss the following:
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 (i) What are the stages in the life cycle of a product?
 (ii) What are three types of actants involved in each stage of the life cycle of foun-

dation? (Actants can be material (living and non-livings things) and semiotic 
messages (e.g., cool, pretty, sexy, etc)

 (iii) Considering cosmetics as an example of technology, which actants can align 
to support common semiotic messages about cosmetics.

 (iv) What new actants can be introduced to change dominant semiotic messages 
about cosmetics/foundation?

Eco-friendly Businesses

Your tutorial group (TG) will be assigned ONE of the top ten eco-friendly busi-
nesses. You will visit their website and report of the following. Individual member 
of your TGs has to answer all of these questions. As a group you will discuss your 
answers.

 (i) What does the company specialize in and what do they value? Check out the 
‘About Us’ section of their website (100–150 words)

 (ii) What specific Products and/or Services do they provide? (50 words)
 (iii) How are their products and/services examples of technology that considers 

WISE? Discuss in terms of various actants that this company considers to 
make the new product. (150 words)

WISE Technology Design – Part III

Actants and Eco-friendly Businesses Group/Class Discussion

Discuss with your group the following points and be prepared to share with the rest 
of the class:

 1. Brainstorm a list of all the actants that your group members identified (living, 
non-living and semiotic) that were explicitly (or implicitly) mentioned in Cathy’s 
video. Use the chart paper provided.

 2. Circle actants that align to support a dominant semiotic message about cosmet-
ics/liquid foundation.

 3. Suggest new actants that can be introduced to change the dominant semiotic 
message.

 4. Share the eco-friendly business that you researched with your group members. 
Discuss how are their products and/services examples of technology that consid-
ers WISE. Discuss in terms of various actants that this company considers to 
make the new product.

 5. Be prepared to share 1–4 above with the rest of the class during whole group 
discussion.
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Actor-Network Map

In the past, and perhaps still in the present, chemists/technologists often develop 
products without considering their full effects on the well-being of individuals, 
societies and environments. The practice of ‘WISE Technology’ involves the inven-
tions, design and use of products and processes that have minimal personal, social 
and environmental impacts.

You and your group will pick one everyday product (cleaning, personal hygiene, 
beauty, medical, etc) and you will work individually to create an actor-network map 
showing as many actants involved in each stage of the life cycle of this product. 
Begin by brainstorming what you already know with your members, before you 
begin your independent research.

By next week Monday (March 3, 2014) you need to have your Actor-Network 
Maps completed with references showing where you got your information.

Critical Analysis of the Technology

Analyze and critique the technology for which you created the actor-network map. 
Consider the following questions for your critical analysis:

 1. To what extent does your selected product ensure sustainability and safety? In 
other words, does it use renewable materials, are toxic chemical used and pro-
duced and how is the health of individuals and environments impacted? (200 
words)

 2. How might the product be like Trojan Horse? Consider the actants from your 
Actor-Network Map in your analysis. (100 words)

 3. Propose an alternative technology design that not only looks at functionality but 
also considers other actants (not only the chemicals inside the product). What are 
the advantages and some disadvantages of the new, alternative technology that 
considers WISE? (250 words)

Your critical analysis should be double space and 12 point font. It should 
include at least two-three references in proper APA format. It is due Monday, 
March 3, 2014.

WISE Technology Design – Part IV

Summary of What We Accomplished

We started the project by expressing our views about some controversial technolo-
gies such as sports drinks, processed foods, e-cigarettes, etc. You watched several 
green technology videos that I posted to Twitter™ (@MrKrstovic) to get an idea of 
what may constitute sustainable technology development. However, just because 
technology is eco-friendly does not mean that it considers issues of social justice 
(e.g., fair labour practices). In your technology designs, you need to be mindful of 
personal, social and environmental issues.
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We watched Cathy’s video about Liquid Foundation/Cosmetics and identified 
various actants involved in each stage of in the life cycle of Liquid Foundation. We 
discussed how dominant semiotic messages about cosmetics and beauty can be 
changed by inserting new actants. You learned that actants can be living, non-living 
or semiotic. You explored one eco-friendly business and discussed how it considers 
the well-being of individuals, societies and environments.

Finally, in Part III of WISE Technology Design, you selected one common, but 
potentially hazardous, household product and created an actor-network map. You 
were expected to research various actants related to your selected product. You 
wrote a critical analysis about this product and proposed an alternative with over-
view of advantages and disadvantages.

What’s Next?

Focus Group Discussion:

You and your group will compare your actor-network maps and focus your discus-
sion on your answers to the critical analysis questions.

Developing Alternative Technology Designs That Consider WISE

You will plan, develop, design and market a product that considers WISE. You will 
be purposeful in your design. Your product will illustrate your group’s commitment 
to the well-being of individuals, societies and environments. You will put the prod-
uct to the ultimate test: convincing investors to support its production.

Secondary Research

In your group, you may need to conduct more research to learn more about

• The principles of green chemistry
• The principles of social justice as it relates to technological production
• What makes technology products that consider WISE appealing to investors and 

consumers

Primary Research

You will need to conduct some original market research (e.g. market surveys) on 
your product prior to defending your WISE tech design.

Describe you design briefly to a selection of potential shoppers (e.g. students, 
parents/teachers) and judge responses in terms of gender, age, approximate family 
income, etc. Your survey should include no more than five questions. Choose one 
dependent variable (either gender, age, or other). Gather, analyze and interpret the 
data prior to your product defence presentation.
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Identify Solutions and Make Decisions

Now you will design an alternative to the conventional product that you selected. 
You may challenge yourself and be creative with your WISE Technology designs. 
For example, you may design a board game, or a computer game, which when 
played allows consumers to learn about alternatives to your selected product while 
also becoming conscious about many of the actants related to the conventional 
product.

The ‘WISE’ Product

Develop explanatory responses to the following questions:

• How does your product and the production process consider WISE? (250 words)
• What makes your product more attractive to a consumer? (100 words)

Dragons’ Den!

You may have seen the CBC television program Dragons’Den, in which investors, 
entrepreneurs, and product designers try to sell their ideas to a panel of potential 
investors. You will take turn in the dragons’ den! In your group, plan and present 
your ‘pitch’ to a panel of investors (selected classmates, teachers, admin, etc). Your 
pitch must include

• Attention grabbing introduction
• Information about your ‘WISE’ product (contrasted with the conventional 

options)
• A clear and concise evaluation of your products considerations for WISE
• A wrap-up to convince the investors to back your product/design

After listening to your pitch, the investors will confer and give their answer.
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Chapter 11
Resisting the Borg: Science Teaching 
for Common Wellbeing

Larry Bencze  and Mirjan Krstovic

11.1  Introduction

The great aim of education is not knowledge, but action! (Herbert Spencer).

The aim (of education) must be the training of independently acting and thinking individu-
als who, however, can see in the service to the community their highest life achievement 
(Albert Einstein).

Despite increases in our understanding of science education and perspectives 
and practices that may transform it in ways benefitting individuals, societies and 
environments, problematic traditions in school science seem highly resistant to 
reform. Arguably among the more pressing aspects of science education needing 
attention are socioscientific issues. Many such issues are associated with possible 
personal, social and/or environmental harms linked to various commodities, such as 
electronic communication technologies, petroleum for fuel, plastics and other uses, 
and genetically-modified foods. Consequently, many scholars, politicians and oth-
ers are recommending that school science, along with other subjects, contribute to 
development of citizens more prepared to be proactive about addressing such issues. 
To understand how we might have more success in promoting a more activist citi-
zenry through science education, it may be that we can learn a great deal from 
teachers who manage, despite significant opposition, to ‘teach against the grain’ 
(Cochran- Smith, 1991). In the instrumental case study described below, we illus-
trate ways in which Mirjan Krstovic, the second author of this chapter, achieved 
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considerable successes in helping students to design and conduct research-informed 
and negotiated actions to address socioscientific issues of their concern—school 
science practices that are, generally, highly discouraged.

11.2  Theoretical Background

11.2.1  Inertial Science Teaching

Humanity appears to be facing many serious threats to wellbeing of individuals, 
societies and environments associated with fields of technology and science (or, 
‘technoscience’). People are concerned, for instance, about possible harms from 
various commercial products and services, such as: genetically-modified foods, etc. 
(Kleinman, 2003); household cleaning and hygiene products (Leonard, 2010); pes-
ticides (Hileman, 1998); tobacco (Barnes, Hammond, & Glantz, 2006); and, phar-
maceuticals (Angell, 2004). Many people also expect (and dread) serious problems 
associated with dramatic increases in average global temperatures that often are 
linked to excessive fossil fuel uses (Klein, 2014). Not everyone is convinced, how-
ever, of the seriousness (in terms of outcomes) or likely causes of such potential 
problems. There are many reasons for such disagreements, one of which appears to 
be that some business-sponsored groups have acted—sometimes by employing 
reputable scientists—to discredit findings about causes and apparently-harmful 
effects of commodities and, indeed, trustworthiness of scientists who have pub-
lished such findings and, moreover, trustworthiness of whole fields of science and 
science as a discipline (Oreskes & Conway, 2010). Because of controversies sur-
rounding potential problems like those noted above, and because of their associa-
tion with fields of technoscience, they are known as socioscientific issues (SSI).

For various and complex reasons, many scholars and policymakers have—since 
at least 1970—attempted to infuse such issues into science education (Pedretti & 
Nazir, 2011). Although there have been some notable successes, it is apparent, how-
ever, that actual implementation of SSI education in schools remains relatively mod-
est. In many school situations, it is not addressed at all; while, where there is attention 
to it, scholars continue to call for reforms/improvements (Hodson, 2011). Similar 
frustrations have been expressed by scholars regarding related reform movements. 
Crawford (2007), for example, lamented that teachers are having difficulty “creating 
classroom environments that are inquiry-based, and that support their students in 
developing informed views of scientific inquiry and the nature of science” (p. 613). 
Given difficulties with fuller implementation of SSI education, it is as if there were 
an ‘invisible hand’ inhibiting its infusion into school science. There likely are many 
factors contributing to this inertial effect. However, because many of the potential 
problems involve for-profit commodities, such as automobiles that appear to con-
tribute to climate change and other environmental problems, it may be that resis-
tance to SSI education may be significantly-related to capitalism. It seems clear that 
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capitalism has come to dominate the zeitgeist of many societies—despite periodic 
exposure of its weaknesses, such as the 2008 global financial crisis (McMurtry, 
2013). Following the rebuilding period after World War II, capitalists’ share of the 
wealth apparently had dropped significantly—largely because of costs of infrastruc-
ture (e.g., buildings, roads, power generators, etc.) and social programmes (e.g., 
health care, unemployment insurance, etc.). To return to their earlier share of wealth, 
it seems they resurrected and re-invented traditional economic liberalism (McQuaig 
& Brooks, 2010)—an ideology favouring freedom (liberation) from government 
intervention in individuals’ efforts to maximize their private wealth. The new form 
of economic liberalism, called neo-liberalism, appears to be much more strategic (or 
opportunistic) and highly globalized (i.e., further integrated throughout the world). 
These changes have, apparently, made neoliberalism extremely powerful and resis-
tant to significant revision. Much of this strength appears to stem from the vastness 
and complexity of cooperative relations established among a wide variety of living 
and nonliving entities (or ‘actants’) that form a veritable 3-dimensional web sur-
rounding and infiltrating into nation states (Ball, 2012; McMurtry, 2013; Springer, 
Birch, & MacLeavy, 2016). Types of actants involved in this global capitalist net-
work (GCN) include various human individuals and groups, such as scientists and 
engineers, universities, transnational corporations (e.g., Coca Cola™, Nike™, 
Walmart™), ‘think tanks’ (e.g., Cato Institute), ‘transnational advocacy networks’ 
(e.g., Atlas Liberty Network) ‘philanthrocapitalists’ (e.g., Bill and Melinda Gates 
Foundation), national and extra-national banks (e.g., World Bank), extra-national 
trade organizations (e.g., World Trade Organization), national (e.g., Achieve™) and 
international (e.g., Programme for International Student Assessment) testing ‘ser-
vices’, etc., along with numerous non-human entities, like the sea scallops in 
Callon’s (1986) analyses of fishermen in St. Brieuc Bay and various products of 
genetic engineering, like the AquaAdvantage™ genetically- modified salmon, and 
salt water growing pens in which they are contained (Pierce, 2013).

With such great complexity and breadth, the GCN seems to exercise immense 
power over school systems—although acknowledging that every teaching/learning 
situation depends on myriad contextual variables and is difficult to accurately pre-
dict (Barnett & Hodson, 2001). Nevertheless, McLaren (2000), for one, has sug-
gested that influences from the GCN have been so powerful that one might think 
that “the major purpose of education is to make the world safe for global capitalism” 
(p.  196). Some people have called this powerful sub-set of the GCN the Global 
Education Reform Movement (‘GERM’) (Hargreaves et al., 2001). GERM appears 
to be influencing governments to increasingly structure their educational systems in 
ways supporting neoliberalism. Indeed, in many jurisdictions around the world, it is 
common to see priorities like the following emphasized: curriculum standardiza-
tion, international and local competitiveness, testing and reporting and emphases on 
‘core’ literacies (e.g., language(s), mathematics, science and information technol-
ogy) supporting economic activities (Sellar & Lingard, 2013). In some places, mak-
ing such changes has taken on a militarist fervour. In a veritable economic ‘war’ 
with countries like China and India, a conflict sometimes known as the ‘neo- Sputnik’ 
race (Pierce, 2013), US education, for example, has being engineered—according 
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to the foundational document, Rising Above the Gathering Storm: Energizing and 
Employing America for a Brighter Future (NAS, 2007)—to help further develop the 
USA’s economic and political security. In light of the power of the GCN-GERM, it 
seems unsurprising that many educational reform agendas struggle for success.

Given prominent roles played by various fields of science and technology in 
businesses, it seems logical to suppose that science education systems must also be 
involved in this regard. Indeed, the National Research Council in the USA (NRC, 
2011), for example, which helped facilitate development of that country’s revised 
national science education standards (Next Generation Science Standards, Achieve, 
2013), stated:

The primary driver of the future economy and concomitant creation of jobs will be innova-
tion, largely derived from advances in science and engineering. . . . 4 percent of the nation’s 
workforce is composed of scientists and engineers; this group disproportionately creates 
jobs for the other 96 percent (p. 2).

From such statements, it seems very clear that school science systems may (and, 
likely, have been) under immense pressure to structure themselves in ways condu-
cive to national successes in international economic competitions. The statement 
also makes clear that school science systems should concentrate on identifying stu-
dents with aptitudes for becoming knowledge producers—such as those who would 
work in fields of science, technology, engineering and mathematics (STEM) (Pierce, 
2013). Along with other professionals, like lawyers, accountants and business man-
agers, STEM workers can provide immaterial labour (e.g., abilities to manipulate 
symbols, including words, concepts, numbers and graphics), useful for inventing 
commodities and ways to process and market them (Lazzarato, 1996). Such labour 
seems very powerful, setting tasks for many other workers (as the above quote 
notes). Although various mechanisms may be used for this filtering process, a prior-
ity on abstractions seems congruent with the goal. Indeed, many scholars have 
noted that school science systems focus “almost exclusively on the well-established 
products [e.g., laws & theories] of science and cookbook approaches to laboratory 
exercises, using authoritarian teaching modes” (Bell, 2006, p. 430). Many of these 
‘products’ are abstract and ‘delivered’ quite quickly to students, apparently serving 
as a mechanism for selecting students who can quickly comprehend such abstrac-
tions (e.g., that a point mass occupies no space), often in the absence of self-directed 
applications (Bencze, 2010). Such an emphasis may be convenient for teachers, 
allowing them to teach relatively discrete ‘packets’ of information (e.g., the human 
heart pumps oxygenated and de-oxygenated blood out to the body and lungs, 
respectively), which can then be fairly-easily assessed and evaluated. This intense 
instructional approach may, however, be unfair for many students—favouring those 
who are advantaged in terms of cultural (and social) capital (Bourdieu, 1986), 
because of their abilities to rapidly comprehend abstractions. Nevertheless, these 
abstract thinkers may be useful to capitalists, developing and managing production 
and consumption of for-profit innovative commodities on their behalf.

The GCN-GERM not only appears to benefit from school systems’ generation of 
knowledge producers, but it seems they also get citizens conditioned to function—
to a great extent—as knowledge consumers. In the neoliberal age, increased value is 
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placed on consumption, as opposed to production, of innovative for-profit com-
modities. After Jean Baudrillard’s (1998) seminal work on the consumer society, 
several authors (e.g., Bakan, 2011; Usher, 2010) have advised that capitalists 
increasingly emphasize creation of positive semiotic messages—like ‘cool,’ ‘pow-
erful’ & ‘sophisticated’—associated with commodities rather than on high quality 
in products and services. Simply, it seems that ‘image sells.’ This is a powerful tack 
for capitalists, as it is much easier to re-design, for repeating cycles of consumption, 
images about commodities than to revise/invent them. De-emphasizing production 
can be profitable, allowing capitalists to minimize costs of labour, materials, trans-
portation, etc., reductions that can generate negative side-effects (e.g., disease, pol-
lution) of commodities (McMurtry, 2013).

In several ways, school science under GCN-GERM appears to provide capitalists 
with citizens oriented towards consumerism—including, for example, citizens con-
ditioned to follow labour instructions and unquestioningly purchase for-profit com-
modities (Giroux & Giroux, 2006). This has been discussed at length elsewhere 
(Bencze & Carter, 2015) but, broadly, at least three—likely related—mechanisms 
appear to be used for this conditioning:

• Continuous Re-identification: Guy Claxton (1991) once recounted a description 
by his daughter about her experiences in school science. She said it was like rid-
ing in a windowless train, not knowing where you are going, but stopping peri-
odically to look around—all the while not being informed by the conductor how 
each stop related to the others. This seems to be similar to what students experi-
ence when, for example, their science course consists of a series of perhaps 
significantly- different units; such as changing from Sustainable Ecosystems to 
Atoms, Elements, and Compounds (MoE, 2008). By being asked, in essence, to 
briefly focus on a planned sequence of often unrelated science topics, it seems 
that students must frequently adjust their identities—not unlike cycles of com-
modity purchases, as each ‘new and improved’ product/service is introduced 
(Barber, 2007; Usher, 2010).

• Technoscientism: Although it is difficult for school science to fully represent the 
nature of fields of technoscience, there is considerable evidence that they are 
significantly misrepresented in various ways. Broadly, we can think of such rep-
resentation in terms of Ziman’s (1984) ‘internal’ and ‘external’ sociology of sci-
ence, with the former concerning practices of technoscientists within their 
professional communities and the latter dealing with their interactions with peo-
ple and groups outside of them. From an internalist perspective, there are numer-
ous reports that technoscience practitioners often are portrayed as highly-efficient, 
objective and collegial—usually strictly adhering to Merton’s (1973) stereotypi-
cal norms of practice, such as originality and skepticism (Hodson, 2008). 
Idealized images of technoscientists can lead citizens to overly trust these profes-
sionals, perhaps disregarding possible negative effects of their relationships with 
other societal members. It seems clear, for example, that school science systems 
tend to avoid one of the most contentious externalist relationships; that is, 
between technoscientists and capitalists (Bencze, 2010; Carter, 2008). Evidence 
suggests that business-technoscience relationships in many fields often are 
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 problematic for wellbeing of individuals, societies and environments—since, for 
instance, for-profit motives often compromise topic choice, research methods 
and free dissemination of research findings (Mirowski, 2011). Although there are 
numerous reports in scholarly literature suggesting that teachers—often in 
research contexts—have engaged students in learning about relationships among 
fields of technoscience and members of societies, it is apparent that such SSI 
education often lacks a critical, political, edge (e.g., with references to problem-
atic business- technoscience relationships [also refer below]) (Levinson, 2010; 
Pedretti & Nazir, 2011).

  There are, undoubtedly, various general ways of analyzing how school science 
may depict fields of technoscience. Based on the above examples, however, it 
seems clear school science tends to portray fields of professional technoscience as 
relatively Rationalist-Realist on Loving’s (1991) Scientific Theory Profile (STP)—
depictions suggesting that these fields are highly efficient, unbiased and relatively 
(or nearly) certain about conclusions (Hodson, 2008). Science and technology 
studies, meanwhile, suggest that they are more Naturalist-Antirealist in terms of 
the STP—positions often avoided in school science. Without a breadth of perspec-
tives about fields of technoscience, students may be less able to make informed 
judgements about such fields and their relationships with societies and environ-
ments. Such a limited view of possibilities seems undemocratic (Pierce, 2013).

• Alienation: Great injustices occur when people are, in various ways, separated—
or ‘alienated’—from their world and/or their being (Marx, 1990 [1867]). Science 
education systems—particular when greatly influenced by the GCN-GERM—
appear to accomplish this, in at least two ways. The first is related to the degree to 
which students’ learning is controlled. It may seem paradoxical, for example, but 
it is apparent that students rarely are allowed to ‘do’ science in school science. In 
other words, individuals (e.g., teachers) and/or groups (e.g., those associated with 
textbooks) control decisions regarding knowledge building and/or uses (Hodson, 
2008). Even with popular inquiry-based learning approaches, which are said to 
promote (more) independent knowledge construction, students’ decisions often 
are ‘scaffolded’ to ensure—apparently above all else—that they arrive at conclu-
sions supported by mainstream fields of technoscience (Bencze & Alsop, 2009). 
Such excessive guidance also seems to apply, to some extent, to SSI education. 
Although there are, likely, many exceptions, SSI education appears to emphasize 
student learning of teacher-provided evidence and arguments for conflicting posi-
tions, which they are then encouraged to use—frequently in social situations—to 
develop, in highly logical ways, personal positions on issues (Levinson, 2010).

There are several ways to evaluate such SSI approaches. A number of these 
appear to relate to Levinson’s (2010) analysis of citizen participation regarding 
SSIs, depicted in Table 11.1. In his comprehensive review, he concludes that most 
forms of SSI education are limited to his first two categories; that is, ‘deficit’ and 
‘deliberative’ approaches. Consequently, it seems clear that students are being asked 
to consider science information given to them and negotiate personal positions 
regarding any controversies among data interpretations. On the one hand, there 
appear to be clear benefits of such argumentation-based approaches, including: 
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development of socioscientific reasoning skills (Sadler, Barab, & Scott, 2007) and 
learning about the nature of science (Khishfe & Lederman, 2006). On the other 
hand, limiting students to such personal decision-making on the basis of received 
data and claims seems alienating in terms of students’ control of learning. Despite 
options for thought and negotiation, it is apparent that authority tends to rest with 
scientists and other professionals in these educational contexts (Levinson, 2010).

Without significant, if not full, control over knowledge development and dis-
semination as at least part of their education, the depth of students’ learning—in 
various learning domains—seems limited. For deep learning, Etienne Wenger 
(1998) suggests that learners need significant control over decisions in Phenomena 
(e.g., tree) ←→ Representation(s) (e.g., drawing of tree) translations. Otherwise, 
they may become alienated from them and, therefore, be amenable to manipulation 
by those with more control over such relations. They may, for instance, be more 
amenable to consuming commodities (with semiotic messages) provided by elite 
capitalists.

A second way in which alienation may occur through school science pertains to 
the degree to which students have access to complete contexts in Phenomena ←→ 
Representation translations. There appear to be various cases in school science limi-
tations in the regard, but a particularly problematic domain for this relates, again, to 
their exposure to complete SSI contexts. According to Pierce (2013), for example, 
SSI education tends to ignore many actants that may problematize many for-profit 
commodities recommended for SSI education in school curricula. As an example, 
he summarizes corporate ownership of living entities—an aspect of genetic engi-
neering often omitted in schools:

[S]cientific literacy needs to be radically rethought in an age where genes of an Ocean Pout 
(an eel fish) are spliced with those of a Chinook (king) salmon, implanted in Atlantic 
salmon eggs, and a corporation patents this process and the new species of the fish itself … 
(Pierce, 2013, p. 113; emphasis in the original).

Overall, the above arguments and examples suggest that school science systems 
are, perhaps, greatly influenced by or congruent with the GCN-GERM and, as noted 
in the above quotation from the US National Research Council (NRC, 2011), struc-
tured/engineered to generate a relatively small group of knowledge producers and 
large groups of compliant citizens that, together, may enrich the very small fraction 
of the world’s population controlling capitalism.

11.3  Towards a Just Science Teaching

To increase social justice and environmental sustainability through school science, 
it is apparent from the above arguments that we need counter-hegemonic (Cohn, 
2005) actions to provide citizens with alternative perspectives and practices from 
which to choose. Transforming school science systems in ways conducive to signifi-
cant improvements to wellbeing of individuals, societies and environments is not 
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likely to be easy, however, given the aforementioned powerful nature of the global 
capitalist network (GCN) and related global education reform movement (GERM). 
A major part of the difficulty in challenging the GCN-GERM is its vast and diffuse 
nature. It is, as described above, comprised of a great range of actants, operating 
between and within nations (and states & provinces, etc.). There is no one person or 
group to challenge. The ‘target’ is more like an idea—or ideology—than a physical 
thing, person, etc. Although it is very powerful, transforming it is not as straightfor-
ward as defeating a dictator and his/her military—although that also is, clearly, not 
easy. A major aspect of the difficulty seems to derive from the apparent fact that 
neoliberal ideological perspectives have infiltrated the sub-conscious of great frac-
tions of the human population. Often without knowing about it, people think and act 
in ways supportive of neoliberalism—in the form, for example, of individual com-
petitiveness and struggles with empathy/concern for those less ‘successful’ and for 
slowly-degrading environments. Gramsci (2003 [c1929–1935]) discussed this gen-
erally as cultural hegemony, infiltration into a population of a set of (albeit dynamic) 
perspectives that may be more aligned with powerful others than individuals in the 
population. Foucault (1991) discussed much the same concept regarding neoliberal-
ism, calling it neoliberal governmentality. His work emphasized that, while believ-
ing they are self-governing, individuals may be enacting powerful others’ 
perspectives. Ball (2003) discussed this in terms of ‘performativity’; that is, the idea 
that subjects perform (e.g., through their speech and actions) perspectives that are 
not, necessarily, based on their deep personal identities, and that such performances 
serve to spread such perspectives across populations/cultures. A key aspect of cul-
tural hegemony, governmentality and performativity is the idea that subjects are 
frequently monitored, assessed and evaluated and, consequently, may begin to self- 
regulate their thoughts and actions without particular pressure from powerful oth-
ers. Such self-regulation is very much related to the concept of the Panopticon—a 
prison structure used as a metaphor for governmentality (Foucault, 1977). Ball 
(2000) expressed this well:

Performativity is a technology, a culture and a mode of regulation, or a system of ‘terror’ in 
Lyotard’s words, that employs judgements, comparisons and displays as means of control, 
attrition and change. The performances (of individual subjects or organisations) serve as 
measures of productivity or output, or displays of ‘quality’, or ‘moments’ of promotion 
(there is a felicititous ambiguity around this word) or inspection. They stand for, encapsu-
late or represent the worth, quality or value of an individual or organisation within a field of 
judgement. ‘An equation between wealth, efficiency, and truth is thus established’ (Lyotard 
1984, p. 46) (p. 1).

In practical terms, we might find teachers performing educational acts (e.g., choice 
of topics and pedagogical approaches) that reinforce ideological perspectives inher-
ent to curriculum policy documents and textbooks produced by powerful entities. In 
the USA, Pearson Educational Inc., probably the world’s largest educational busi-
ness, controls—in concert with an educational assessment company (Achieve, 
2013)—much of the curriculum and textbook market (Ball, 2012) and may, ulti-
mately, be strongly influencing teachers’ performances.
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Clearly, with deep and complex global capitalist networks holding hegemonic 
influence over many teachers, it is likely to be very difficult for them to ‘escape’ the 
mainstream science teaching ‘paradigm’ and establish new perspectives and prac-
tices. Cochran-Smith (1991) said that, for teachers daring to be different, it would 
be like ‘teaching against the grain’; that is, there is likely to be considerable opposi-
tion, not the least of which may arise from colleagues who have been assimilated 
into ‘the’ (acknowledging its dynamism) GCN-GERM paradigm. Comparable to 
Kuhn’s (1970) advice regarding paradigm shifts, she suggested that teachers need to 
arrive at veritable ‘crises’ (deep questioning of the mainstream paradigm) in order 
to develop motivation for change; but, additionally, they need access to alternative 
perspectives and practices that may ‘relieve’ the crises they feel. In her words, she 
suggested teachers need ‘critical dissonance’ (like a crisis) and have access to alter-
natives through what she called ‘collaborative resonance’—working with a critical 
friend (Cochran-Smith, 1991). These tacks seem similar to that recommended by 
McLaren (2000) who, in turn, was drawing upon work of Che Guevara and Paulo 
Freire; that is, revolutionary change may occur if participants experience conscien-
tization (e.g., critical consciousness of problems and alternatives), but—to avoid 
further oppression—arrive at solutions through a process of praxis, which implies 
working through cycles of critical, reflective, practice. These processes are, in turn, 
not dissimilar to emancipatory and participatory action research; that is, collabora-
tive efforts to bring about informed changes (actions) that may provide (research) 
insights into the context of study. Accordingly, in this paper, we describe results of 
an action research project, in which a teacher (Mirjan Krstovic, the second author 
here) experienced some successes ‘teaching against the grain’ (collaborating with 
Larry Bencze, the first author here) in ways that may enlighten us about alternatives 
to the GCN-GERM as it pertains to science education.

11.4  Research Context and Methods

11.4.1  Context

Mirjan was a secondary school science teacher with six years teaching experience 
and enrolled in a graduate programme in education, working towards a Masters of 
Education degree. In early Sept. 2011, soon after having taken an online graduate 
course in history, philosophy and sociology of science (HPSS) for which Larry was 
the instructor, Mirjan asked Larry—whom he had not met face-to-face—if he would 
help facilitate his efforts to infuse perspectives about the nature of science (NoS) 
into his secondary school science teaching. After some discussion, Mirjan expressed 
interest in incorporating his focus on NoS into efforts to encourage and enable stu-
dents in his science classes to self-direct research-informed and negotiated actions 
(RiNA) to address socioscientific issues—a central feature of the ‘STEPWISE’ 
(Science & Technology Education Promoting Wellbeing for Individuals, Societies 
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& Environments [see: www.stepwiser.ca]) curriculum and instructional framework, 
to which Mirjan had been introduced during the HPSS course. We also decided 
Larry would serve as researcher/facilitator (R/F) for Mirjan’s efforts in this regard. 
At the time of this writing, Larry and Mirjan have collaborated on this project for 
two successive years, involving four separate semesters and four classes of students. 
As noted above, this facilitation was to employ the two main principles discussed by 
Cochran-Smith (1991)—i.e., critical dissonance and collaborative resonance—in 
helping teachers teach against the grain (TAG). Larry had worked in a similar way 
with several other teachers (in elementary & secondary schools) and, as indicated 
below, few were as successful as Mirjan in encouraging and enabling students to 
self-direct RiNA projects. Moreover, as demonstrated below, his facilitated teaching 
seemed very much ‘against the grain’ with regards to mainstream/traditional sci-
ence teaching (locally and beyond).

11.4.2  Research Methodologies, Data Collection & Analyses 
Methods

To illustrate a teacher’s efforts to teach against the grain, we constructed an instru-
mental case study (Yin, 2003)—which involves collecting data to provide details 
about a particular situation, emphasizing its significance relative to a broader issue. 
Clearly, the issue of note here is the extent to which teachers can teach against the 
grain—particularly in light of the broader milieu of the GCN-GERM—and what 
factors may influence such teaching. In choosing instrumental cases, it is important 
to ensure that particular patterns have been established and, consequently, trust that 
a relatively-specific phenomenon is being illustrated. Here, data and analyses of 
Mirjan’s case were conducted over two years, including regular discussions through-
out the school years and during the holiday seasons. This process was, in essence, a 
form of participatory action research (Kemmis & McTaggart, 2000) that allowed us 
to learn from cycles of collaborative reflection on actions. Action research has much 
potential to conduct socially-meaningful research and it can “valid knowledge, the-
oretical development, and social improvements that the conventional sciences have 
promised” (Greenwood & Levin, 2000, p.  87). Participatory action research is a 
democratic form of inquiry, one in which professional researchers collaborate with 
local stakeholders to seek and enact solutions to problems that are important to 
stakeholders. Although Larry continually acted as a critical friend, posing alterna-
tives to theory and practice, Mirjan retained ultimate control of decisions—although 
it must be acknowledged that every relationship is dialectic (Hegel, 1977 [1806]) 
and, consequently, we influenced each other.

To achieve our research agenda, we conducted data-collection and analyses hav-
ing rationalistic and naturalistic characteristics (Guba & Lincoln, 2011). 
Rationalistically, we focused, for example, on Mirjan’s efforts to teach against the 
grain—in comparison to immediate colleagues (e.g., in the science departments in 
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which he worked) and teachers more generally, as reflected in scholarly educational 
literature. Naturalistically, data were collected enabling emergence of unexpected 
situational outcomes. Data collected included the following items from Sept. 2011–
Aug. 2013:

• Project Instructional Materials: Copies of Mirjan’s teaching materials (e.g., 
handouts, videos, PowerPoint™ presentations, and internet site web addresses) 
relating to STEPWISE implementation were collected;

• Project Work Artefacts: Samples of products generated by students in four tenth- 
grade classes were collected, including: issue descriptions, research plans, data 
collected, written reports, project reflections, action plans and forms of action 
(e.g., posters, petitions, videos, PowerPoint™ slides);

• Digital Recordings of Students’ Project Work: Photographs and videos were pro-
duced depicting youth presenting and defending their forms of action in public 
fora (e.g., to fellow students within and outside of class).

• Semi-structured Interviews: Each semester, about four volunteering students 
were interviewed twice, near the beginning and end of the course. Questions 
focused on their views about issues, research & actions. Mirjan was interviewed 
at least once per month (sometimes in person and sometimes via Skype™), for 
about 90 minutes each, about project progress. Four of these interviews focused 
exclusively on his perceptions around being considered to be ‘teaching against 
the grain.’ All interviews were audio-recorded and later transcribed.

• Email Exchanges: Copies of all email exchanges between us (at least once per 
week) were collected.

• Mirjan’s Written Reflections: During the first semester in which he implemented 
STEPWISE, Mirjan kept an online journal, which amounted to 19 pages of text 
and graphics (e.g., pictures of students’ work). He also maintains an online edu-
cational blog and 16 entries pertaining to his STEPWISE experiences were cop-
ied. He also wrote a 7-page reflection on his status as a teacher ‘teaching against 
the grain’ (received Aug. 6, 2013). Finally, a copy of a report he wrote for a 
graduate course that summarized his interview with a senior colleague’s posi-
tions about SSI education was retained.

• Inscriptions of Mirjan’s Positions: Mirjan completed several ‘inscriptions’ to 
depict his positions on a range of topics. These included: (i) Political Compass: 
After answering a series of multiple-choice questions (www.politicalcompass.
org), a grid depicting a person’s views about economic and social matters is gen-
erated. Figure 11.9 depicts the grid generated for Mirjan; (ii) Scientific Theory 
Profile: This is described above. In addition to indicating his position on it, 
 Mirjan wrote a 2-page description of his rationale for his choices; (iii) Repertory 
Grid: Mirjan placed a series of teaching strategies relating to STEPWISE on a 
series of continua, after which RepGrid 5.0 software was used to generate a 
‘FOCUS’ display of his positions (Gaines & Shaw, 1993) (refer to Fig. 11.7); (iv) 
Word Cloud: Text from the Mirjan’s first-semester journal was entered into the 
Wordle website (www.wordle.net), which generated a word cloud depiction of 
his reflections.
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• Artefacts of Mirjan’s Work: Copies of the following items representative of his 
work in this project were collected, including: (i) the school newsletter from Jan. 
18, 2013, including a note about STSE-Action Fair he organized; (ii) an 18-page 
summary of his experiences at his first academic conference (American 
Educational Research Association, 2013), Mirjan produced for colleagues; (iii) 
two publications and an unpublished report of research he conducted prior to our 
collaboration.

• Letter from a Student: A copy of an unsolicited 1-page letter written by a twelfth- 
grade student to Mirjan at the end of the 2012–2013 school year (her graduating 
year) was retained.

Regarding analyses, each of us coded data for categories and then developed encom-
passing themes—using constant comparative methods based on constructivist 
grounded theory (Charmaz, 2014). Categories and themes were then negotiated 
between to achieve consensus (Wasser & Bresler, 1996). Member checks with par-
ticipants were conducted to help ensure trustworthiness of claims, each of which 
was based on at least three data sources.

11.5  Results and Discussion

11.5.1  Mirjan’s Teaching Against the Grain

As described in the next sub-section, it was apparent to us that Mirjan was ‘teaching 
against the grain’ (TAG) before our collaboration. However, after two years of our 
work together, he indicated that his TAG was considerably advanced—and likely to 
continue to do so. Depending on how one views ‘teaching against the grain,’ either 
as ideal or realized practice, it also varied across contexts. In other words, his actual 
implementation of TAG varied across time and contexts, although there seemed to 
be steady growth in his priorities for and expertise and comfort with it. Effects of 
such situational variables are discussed below, under Factors Influencing Mirjan’s 
Teaching Against the Grain. The representation (case) below of Mirjan’s work is a 
construction of TAG practices in what appears to be relatively ideal conditions (rela-
tive to those in ‘mainstream’ contexts), with an elaborated discussion of inhibiting 
and enabling factors to follow.

Although there are various ways of defining or evaluating teaching against the 
grain, it seems that many of his practices represented significant alternatives to 
those supportive of the GCN-GERM. Given our collaboration, he worked over the 
two years in which we have, so far, been engaged to more-deeply develop and 
implement the STEPWISE framework (refer above). By the fourth semester of his 
work with this framework, he had implemented a pedagogical sequence given in 
Fig.  11.1—which is, generally, derived from the tetrahedral, more theoretical, 
framework (Bencze & Carter, 2011). Among the many aspects of STEPWISE he 
implemented, the following elements, with examples, seem sufficient to illustrate 
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his ‘teaching against the grain.’ Most of these activities were largely student-led and 
open-ended (Lock, 1990), thus more personalized, but they also provided students 
with broader, more critical, conceptions of the world (Pierce, 2013).

11.5.1.1  Expressing SSIs

Recommended based on basic constructivist learning theory (Osborne & Wittrock, 
1985), students were asked to ‘express’—in various forms—their pre-instructional 
views about a range of socioscientific issues. Doing so, can not only inform the 
teacher about gaps in students’ learning, but also allow students to become more 
conscious of their own positions—which they might later use as bases for self- 
directed explorations. An example of this activity includes the ‘card exchange 
game,’ in which students evaluate and exchange cards containing social action state-
ments regarding SSIs (Krstovic & Bencze, 2012a). An example of a student group’s 
positions on four such statements is given in Fig. 11.2. Students had considerable 
freedom of expression here.

Fig. 11.1 STEPWISE Pedagogical Framework
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11.5.1.2  Critical SSI Education

Based on arguments provided above regarding benefits of infusion of actor-network 
theory into science education (e.g., Pierce, 2013), students were asked to develop 
and revise (based on secondary research and peer negotiations) networks relating to 
a particular SSI of their concern/interest. An example of a student group’s actor- 
network, here relating to hairspray, is reproduced in Fig.  11.3. Students demon-
strated their growing awareness of roles of powerful actants, like Target™ and 
Walmart™ (Fig. 11.3), relating to SSIs.

11.5.1.3  Student-LedPrimary Research

In light of Wenger’s (1998) claim that deep, personally-meaningful, learning is pro-
moted the more students have control over reciprocal relationships between phe-
nomena and their representations (Phenomena ←→ Representation(s)), students 
were encouraged to design and conduct primary research to generate data and 
claims that may inform their sociopolitical actions (refer below). This tack also 
appears to align well with Dewey’s (1916) advice that “inquiry has to serve com-
mon social needs” (Levinson, 2010, p. 74). Most students conducted correlational 
studies, which tend to be de-emphasized in school science (Bencze, 1996), with 
results from one student group’s study given in Fig. 11.4.

Fig. 11.2 Students’ views about SSI action statements
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Fig. 11.3 A student group’s actor-network about hairspray

Fig. 11.4 A student group’s study of vision and video game use
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11.5.1.4  Socio-political Activism

Because of potential seriousness of problems for wellbeing of individuals, societies 
and environments (e.g., Hodson, 2011) and because of many more immediate learn-
ing benefits, students were encouraged to develop and implement forms of personal 
and social actions that they believed would address SSIs concerning/interesting 
them (Bencze & Carter, 2011). Students’ actions took many forms, ranging from 
personal changes to their perspectives and practices through local social actions 
aimed at anyone noticing their posters, pamphlets and videos, etc. to actions directed 
specifically at those they felt may affect changes. A typical poster developed by a 
student group is given in Fig. 11.5, while a typical letter to an advocacy group is 
given in Fig. 11.6.

Perhaps not unsurprisingly, teaching such a complex programme requires simul-
taneous teaching in several learning domains. Students were exposed to instruction/
learning in each of the three curriculum domains, including: STSE (SSI), 
Investigative Skills and Products (MoE, 2008). Particularly with STSE education, 
science education can be—and was—broadened from traditional practices to 
include such domains as: technology education, psychology, sociology, politics and 
economics. Additionally, his instruction branched into the visual arts—with our col-
lective aim to understand the role of various forms of visual representation in stu-
dents’ orientations towards RiNA projects. Among perspectives students in Mirjan’s 
class experienced was exposure to the activist artistry of Chris Jordan (www.chris-
jordan.com), who uses aspects of our apparently self-destructive world—such as 

Fig. 11.5 A student group’s poster about alcohol abuse
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nuclear power, plastic packaging and disposable products—to sensitize viewers to 
many potential problems for WISE. Such a multi-disciplinary curriculum seems 
democratizing, as Levinson (2010) suggests: “If science education is both to serve 
democracy and to be a source of democratic values then a picture of an interdisci-
plinary problem-solving curriculum reflecting wider social and global matters 
begins to emerge” (p. 75). For students unaccustomed to such diverse teaching and 
learning, however, it can be disorienting. Early into his second year with the project, 
Mirjan described such struggles:

[S]tudents are coping with a two-[or 3]-tier instructional program in my class. Let me 
explain: as you know, traditionally students listen to a lesson, take notes, then they do ques-
tions from the textbook, which the teacher may or may not take up the next day; may be 
they do a closed-ended, scripted procedure style lab that proves a concepts (ie. law of con-
servation of mass), they may write a small lab report, then they write a unit test. Somewhere 
in there, an STSE reading is assigned (or a research project) which the students hand in as 
a written report (and it only gets read by the teacher and no one else). I call this a one-tier 
instructional program (for the lack of better words). However, my students are learning to 
cope with a multi-tiered system. So not only are we handling content in also a very ‘instruc-
tionally intelligent’ way (I use a lot of instructional tactics/strategies from Beyond Monet, 
by Barrie Bennett and Carol Rolheiser of OISE), but we are also adding a layer of appren-
ticeship activities (ie. how to conduct correlational studies, learning about activism, photo-
journalism, etc.) which are part of the research-informed activism instructional tier. As 
much as I try to merge the two tiers (i.e. use RiA as the CONTEXT to drive the learning of 
the CONTENT, that does not always happen) some of the kids MAY feel (and this is my 

Fig. 11.6 A student group’s letter to a breast cancer advocacy group
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hypothesis) that their learning environment is messy. To add to these two tiers, there is the 
third tier of learning additional skills necessary to execute ‘creative’ actions, such as how to 
use Windows Movie Maker™ software, how to publish a video on YouTube™, how to use 
Prezi™, etc. (Email message to Larry, Oct. 9, 2012; italics and Trademark logos added).

Overall, it seems clear Mirjan was ‘teaching against the grain.’ It is apparent his 
teaching aligns well with levels 3 and 4 of the framework for citizen engagement 
depicted in Table 11.1, which Levinson (2010) suggests is rare in science teaching 
and, moreover, contrary to approaches aligned with neoliberalism. The above quo-
tation in a message from Mirjan indicates his awareness of his distinctive practices. 
Indeed, there were many indications that he was very much conscious of his TAG 
status. The repertory grid (Fig. 11.7) that he completed in January of 2013 indicates 
that he perceived his teaching to be significantly different from that of his immedi-
ate departmental colleagues. For example, he “likes” and “often uses” several strate-
gies—such as SD-OE RiA Projects and TD-OE Guided RiA Projects—that he 
indicated most other teachers avoided. Indeed, Mirjan said that his perspectives and 
practices were so different from department colleagues that one of them said he 
“was terrified to teach with me” (Interview, Jan. 14, 2013; italics added to indicate 
inflection).

Mirjan’s teaching against the grain was not covert. He did not simply close the 
door to his classroom and teach differently in a private way. Rather, even in the 
context of the more conservative school in which he worked in the second year of 
this study, he was proactive in making public his alternative practices. It was part of 
his routine, for instance, to display examples of students’ work in public spaces. The 
poster shown in Fig. 11.5, for example, was one of several displayed on the wall just 
outside his classroom soon after the activity. This may have sent subtle messages to 
his colleagues that his teaching was distinct from the norm. More directly, Mirjan 
said that, particularly for the first course unit (Fig. 11.1), in which he had to use 
considerable amounts of time helping students to develop attitudes, skills and 
knowledge (ASK) for conducting RiNA projects, he would not finish units at the 
same time as colleagues teaching other sections of the same course. As discussed 

Fig. 11.7 Repertory grid completed by Mirjan
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below, this was not so much a problem for teachers in the first school in which he 
worked, but it became a concern for teachers in the second school. Despite the more 
traditional nature of the second school in which he worked (refer below), however, 
he was quite overt in ensuring colleagues were aware of his unique teaching 
approaches. An arguably quite overt message to colleagues was his use of the quote 
from Gandhi—that is, ‘First they ignore you, then they laugh at you, then they fight 
you, then you win’—that he used as his computer’s screensaver. Perhaps the most 
elaborate overt messages to colleagues, however, was the ‘STSE-Action Fair,’ pho-
tographs from which are shown in Fig. 11.8. During a regular class period in his 
second school, teachers and students were invited to the school’s library to discuss 
with students in Mirjan’s class RiNA projects they had completed.

Fig. 11.8 Students’ RiNA project displays during the ‘STSE-Action Fair’
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Soon after Mirjan’s first effort with STEPWISE, he became an advocate for the 
project, generally, and promotion of research-informed and negotiated actions to 
address SSIs, more specifically, in various interactions with teachers. His enthusi-
asm for encouraging and enabling students to conduct correlational studies to 
inform socio-political actions was, indeed, infectious—in at least the first school in 
which he worked. About this, he said several of his colleagues adopted his approach 
during the second semester during his first year of this project:

They liked it so much that, in second semester, everybody teaching grade 10 did [worked 
with students to] the climate change action project! … Teachers of grade 11 chemistry 
picked up on this project, as well. I think, overall, there were nine classes [promoting a RiA 
project]. And, we did it in grade 12 chemistry in that same semester. … [So, t]he work [we 
did in first semester] went ‘viral’ in the second semester! (July 30, 2013).

Partly from this success, Mirjan developed an article about this strategy for teachers, 
published in the professional journal, Crucible (Krstovic & Bencze, 2012b).

There were several more instances in which Mirjan shared aspects of his work on 
STEPWISE with teachers in his school and beyond, but two more of these seem 
sufficient to highlight his pro-active defence of approaches he had been developing. 
After he had conducted a 2-hour workshop with student-teachers enrolled in Larry’s 
pre-service science teacher education methods course (an elective), several student- 
teachers expressed concern that students’ primary research results may not be suf-
ficiently valid to warrant socio-political actions. Mirjan acknowledge this concern, 
saying he would adjust his approaches, but also defended it in a blog entry he asked 
Larry to share with student-teachers: “Although some have used their primary 
results to motivate their actions, many have erred on the side of secondary research 
findings. This suggests that fine-tuning apprenticeship activities is important so that 
students feel more confident in carrying out valid primary research” (Dec. 3, 2012). 
This was a challenge because, although these student-teachers had chosen this elec-
tive course, it was the only one in science education available and, moreover, most 
seemed conditioned to prioritize instruction in ‘products’ of science and technol-
ogy. The second ‘incident’ related to Mirjan’s participation in an international, ref-
ereed, education conference; the 2013 AERA conference. As a result of his 
experiences, Mirjan produced an elaborate summary of what he considered high-
lights of his visit to San Francisco, the site of the conference. In short, most of the 
content of this report represented a challenge to the dominant paradigm in educa-
tion, with special attention to issues of social justice. He quoted speeches by promi-
nent educators, including one by Kent McGuire (Southern Education Foundation): 
“We have this highly stratified education system in this country, with schools his-
torically and legitimately taking pride in serving who? Women, working class peo-
ple and minorities?—none of whom have enjoyed much status in this country.” In 
support of this contention, he spoke with and photographed several homeless people 
in the city—which he also highlighted in his report. Because his report contains 
many indicators of his stance as a critical and creative science educator, a copy is 
provided in Appendix A of this paper.
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11.5.2  Factors Influencing Mirjan’s Teaching 
Against the Grain

There are, likely, numerous factors possibly accounting for Mirjan’s instructional 
approaches and, moreover, their counter-culture nature. As noted above, for every 
teaching and learning situation, there are likely to be myriad—possibly interact-
ing—contextual variables affecting it, such as the nature of the curriculum, teacher, 
students, parents, administrators, textbooks, etc. (Barnett & Hodson, 2001). Some of 
the more salient factors from this study are discussed below, in light of relevant data.

11.5.2.1  The Official Curriculum

According to the above analyses, while Mirjan appeared to be teaching against the 
grain relevant to colleagues and, moreover, the GCN-GERM, his teaching was 
aligned—to a great extent—with the local jurisdiction’s curriculum, which offi-
cially sanctioned such practices as: STSE education, primary research, and socio- 
political actions to address SSIs (MoE, 2008). Mirjan indicated that this sanctioning 
had major motivating influences on his decision to pursue STSE education—includ-
ing with regards to research-informed and negotiated action projects led by stu-
dents. He said it was only after introduction of the revised Ontario curriculum 
(MoE, 2008), which had placed STSE education as the first of three overall curricu-
lum goals, that he began to seriously implement this educational component. 
Expressing his rationale for this kind of education, he said: “[W]ith regards to my 
focus on academic, social and moral development, it [STSE] fits in nicely” 
(Interview, Dec. 17, 2012). Nevertheless, it seems that many teachers are not fully 
implementing this curriculum.

11.5.2.2  About Mirjan

Given difficulties many teachers, including several of Mirjan’s colleagues, face in 
implementing educational practices like those described above, it follows that he 
likely possesses personal characteristics aligned with them. In light of actor- network 
theory, ‘Mirjan’ may be considered a complex entity, composed of—and, to a cer-
tain extent, representing influences from—many other actants (each of which also 
is complex) (Latour, 2005). In our numerous discussions about what makes Mirjan 
unique from other teachers, a major influence appears to be his orientation towards 
continuous and highly-ambitious educational exploration, innovation and learning.

There are many ways such orientations can be described, but it was apparent to 
us that he can be considered to be at least a ‘double-loop’ learner—that is, teachers 
who question fundamental assumptions surrounding their practices and attempt to 
adjust them accordingly (Argyris, 2002). When asked if he felt he fit into this cate-
gory, Mirjan said: “I think that one sustains inquisitiveness throughout adulthood by 
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developing meta-cognitive skills; it is in this ability to reflect as an adult that one 
finds a deeper purpose for one’s work and life in general” (Email message to Larry, 
Aug. 2, 2013). By contrast, he said: “Some teachers don’t [ironically] welcome 
learning. It’s bizarre. … I think there is research that says that teacher learning is 
closely-linked to student learning” (July 30, 2013). He felt that many teachers with 
whom he had worked (in two secondary schools and through associations with 
teacher groups outside of school) were, at the most, ‘single-loop’ learners; that is, 
those who may revise their practices based on findings about student learning out-
comes, but who are unlikely to question fundamental premises of their strategies. 
Such critical and creative reflective practice (CCRP) may lead to dramatic changes 
in teacher practices and, arguably, corresponding changes in student learning.

We speculated that Mirjan’s proclivity for CCRP may have begun as a result of 
his status as an immigrant, having moved to Canada from war-torn Yugoslavia when 
he was 12 years old (1993) (not long after his father was killed during the war). 
Indeed, he said that “[t]his marked a very difficult period in my life, but … I found 
comfort in the academic life. I was determined to succeed in whatever I chose to do 
in life” (Written reflection, Aug. 6, 2013). The extent to which such experiences 
contributed to his tendencies towards CCRP is unclear, but it seems that an event 
congruent with CCRP during his undergraduate years may have been pivotal. 
Needing funding for his education, he pursued a part-time job with a professor, 
assisting him in research to determine abilities of older people (after schooling 
years) to learn about astronomy. Fortuitously, the study placed great emphasis on 
benefits of people who consider themselves ‘lifelong learners’ (Percy & Krstovic, 
2001). This work seemed prescient, given our view that a key reason for his suc-
cesses with practices aligned with levels #3 and 4 in Table 11.1 was his status as a 
lifelong learner. Indeed, Mirjan confirmed this regarding his comments about 
research he had conducted in collaboration with high school students during his 
third year of teaching—research that led to another publication_. About this research, 
he said: “I saw this kind of inquiry work in teaching as being a natural part of teach-
ing and learning—something that my previous experiences reinforced” (Written 
reflection, Aug. 6, 2013). Apparently in light of his orientation towards CCRP, 
Mirjan was then chosen by his school’s vice-principal to lead a government-funded 
project to study implementation effects of pedagogical techniques—such as ‘place-
mat,’ ‘think-pair-share’ & ‘community circle’—relating to ‘instructional intelli-
gence’ (Bennett & Rolheiser, 2001). Mirjan felt that this action research project was 
very successful, leading him to conclude: “When various instructional tactics are 
integrated in class[,] students’ communication skills as well as their knowledge and 
understanding of the key concepts improve” (Krstovic, 2009, p. 29).

Mirjan’s action research project seems to have been significant with regards to 
the project reported here. It became apparent to us that, in addition to the fact he 
had been teaching for six years when we began our collaboration and, therefore, 
had developed pedagogical expertise for teaching in ways acceptable in his school 
context, his action research—which involved efforts to implement a series of teach-
ing strategies (refer above) that prioritize student engagement—appeared to help 
him to more-easily implement STEPWISE instructional practices, which prioritize 
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student engagement in such components as: expressing pre-instructional views, 
conducting partially-guided and student-led science inquiries and designing and 
implementing plans of action to address socio-scientific issues. In interviews and 
blog entries, Mirjan mentioned that part of his success with STEPWISE seemed to 
be related to his relatively well-developed expertise with corresponding “pedagogi-
cal content knowledge” (Interview, July 30, 2013). He also noted, in contrast, that 
a senior colleague he had interviewed for a graduate course assignment had told 
him that, although he valued what Mirjan was doing regarding promotion of 
research- informed and negotiated actions on SSIs, he felt he lacked necessary 
expertise for enacting congruent pedagogical practices (Feb. 26, 2013).

Although we feel that an association between more student-centred pedagogical 
expertise and enactment of STEPWISE practices is a very significant finding, there 
also appeared to be several other ramifications of Mirjan’s status as a critical and 
creative reflective practitioner. Although he had positive feelings about his work 
with instructional intelligence, he also felt a strong need to continue his learning; 
and, accordingly, in Sept. 2010, he enrolled in a graduate studies programme lead-
ing to a Masters of Education degree (now completed). In addition to learning about 
STEPWISE through a graduate course he took from Larry, he felt that his other 
courses made significant contributions to his teaching approaches—particularly in 
the way they enabled him to ‘teach against the grain.’ In our discussions about this, 
true to a supporter of constructivist learning theory, it was unclear to him the extent 
to which his studies added to his ASK, etc., as compared to helping them to emerge 
from inside of him. Larry suggested this reminded him of a biography of 
Michelangelo, who was to have said that his task as a sculptor was to chip away at 
a rock in such a way that the inner figure is revealed. He said the MEd programme 
played a huge role in motivating him to focus on Critical STSE, primary research 
and social actions. Several writers, including Hodson and others, “help[ed] bring 
out something buried in me somewhere” (July 30, 2013). Regardless of their ori-
gins, it is apparent to us that many of Mirjan’s perspectives have considerable con-
gruence with counter-hegemonic practices in science education. Among these are 
the following, each with some explanation and evidence:

• Views About Science: Regarding Loving’s (1991) Scientific Theory Profile 
(STP), Mirjan appeared to hold views somewhere in the middle of the ‘Naturalist- 
Antirealist’ quadrant. He said, for instance, this about his position:

I believe that construction of knowledge depends more on socio-cultural contexts rather 
than strictly adhering to Merton’s institutional imperatives and pure logic. I support the idea 
that one’s psychological make up would interact with one’s logical reasoning, thus affecting 
one’s judgment. In addition, I hold the position that reaching the ‘truth’ about knowledge is 
a matter of consensus amongst professionals and that strict scientific methods may not 
necessarily lead us to the truth about laws and theories governing physical and natural phe-
nomena (Written Statement About Science, Dec. 12, 2012).

 Holders of such positions seem amenable to exposing students to possible roles for 
powerful actants within networks involving products of fields of technoscience, 
which is something Mirjan frequently did during the two years of this study. This 
may be particularly important for science educators who, through idealized 
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 portrayals of the nature of science (refer above), may be unaware that school sci-
ence can, in effect, behave like a Trojan horse (Bencze & Carter, 2015); that is, 
hide less positive realities about science—including those involving business- 
technoscience partnerships (e.g., Mirowski, 2011).

• Views About Society: Mirjan’s views of ‘society’ seemed strongly aligned with 
his views about science, particularly in terms of his conceptions of roles for pow-
erful actants. Although its accuracy is subject to dispute, he indicated he held 
relatively strong ‘(Economic) Left—(Social) Libertarian’ views on the Political 
Compass online tool (refer to Fig. 11.9)—which suggests he believes in some 
government regulation to control powerful economic actants and believes in con-
textual decision-making in many social matters. About capitalist systems, he 
said, for instance:

You can probably argue that the level of control of the capitalist system does not exist, or 
[at least] not very much. … We live in a capitalist system controlled by a very few. We are 
subjects of that system. … You call it a democracy, but I cannot protest [as a teacher, under 
a current law] any more (Interview, Jan. 14, 2013).

 Such views seemed congruent with his decision to attend the Occupy Toronto 
(www.occupyto.org) encampment and share his photographs and stories about it 
with his students. He explained this move with this response: “I am on the side 
of the socialists when it comes to the growing gap between the rich and the poor” 
(Interview, Jan. 14, 2013). Associated with such views, he seemed to have a 
strong orientation towards social justice—as reflected in this blog entry: “We all 
can be that disruptive force that works together to bring about change in parts of 
our world that are plagued with injustice, poverty, hunger, lack of education, 
violence and inequality” (May 8, 2012).

Fig. 11.9 Mirjan’s position on the ‘Political Compass’
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• Views About Education: Perhaps aligned with his tendency for critical and cre-
ative reflective practice, Mirjan’s views about science and society seemed to 
translate, to a considerable extent, into corresponding educational views and 
practices for students in his care and for teachers with whom he interacts. Many 
of his educational views contrasted, as we might expect, with those of several of 
his colleagues. Regarding the interview he conducted with a senior department 
member, he said, for instance: “I was known [in his previous school] for some of 
my radical approaches and perhaps some anti-conformist ideas (e.g., challenging 
the traditional ‘concepts’ only approach and test-teach-test method) in aspiration 
of a more ‘balanced’ science curriculum [i.e., addressing all 3 learning goals 
[MoE, 2008]” (Feb. 26, 2013). Other statements corroborated this claim, such as 
when he said he could not rank the three learning goals in importance, believing 
them to be equal (Dec. 17, 2012). With regards to these three learning domains, 
his educational beliefs also seemed congruent with counter-hegemonic practices 
outlined above (e.g., “Socio-political Activism”). In contrast to traditional orien-
tations towards use of SSIs as instruments for achieving other learning goals, as 
argued above, he seemed to have strong commitments towards also addressing 
them as potential problems for wellbeing of individuals, societies and environ-
ments. For instance, he said that “the traditional way it [SSI education] is done is 
…many creative ways…but without the added bonus, if you will, of activism” 
(Interview, Jan. 14, 2013). He was not, however, one to impose his views on oth-
ers. Rather, he prefers a more democratic approach in education—such as 
through sharing of alternative perspectives while allowing learners to self- 
determine their personal decisions. This applied to his views about teaching of 
students and about giving other teachers opportunities to implement STEPWISE.

Regarding his school science teaching, it seems very clear that he valued stu-
dent participation and a range of educational outcomes above many other consid-
erations. This is quite clear in the word cloud reproduced in Fig. 11.10, which 
was created from the journal he kept about STEPWISE implementation in the 
first semester (Sept. 2011–Jan. 2012) of this project. There were several state-
ments and other indictors to corroborate this claim, including a statement in his 
blog: “Nowadays teenagers want most things around them to be ‘customizable.’ 
Classroom experiences are still traditional, for the most part. They are not very 
customizable by the students. Students should be able to ‘customize’ their learn-
ing experiences by tailoring them to their interests” (Jan. 12, 2012). In a similar 
vein, he often spoke about promoting his perspectives and practices among col-
leagues (local and distant), but in a gentle way that honoured their professional 
integrity. A typical comment in this regard was: “I expect these changes to be 
slow, but with the right amount of pressure and support, mobilization and advo-
cacy we can initiate a systemic change” (Email message to Larry, Apr. 4, 2013). 
Indeed, he agreed with the senior colleague he interviewed, who suggested that 
systemic change will be like trying to change the direction of a supertanker; that 
is, slowly, with considerable effort (Feb. 26, 2013).

An interesting tension arose in the context of the many discussions we had to 
try to understand reasons for Mirjan’s teaching against the grain. On the one 
hand, as indicated above, he seemed very sincere about wanting to share his 
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ideas and approaches with colleagues. Indeed, he did so on many occasions. On 
the other hand, there appeared to be some reluctance in this regard. This centred 
around his clear and frequent claim that he was driven, to a great extent, by his 
apparent need to be seen as “inimitable” (Dec. 17, 2012) and, perhaps, “part of 
history” (Jan. 14, 2013). Related to this, he wished that the teaching profession, 
like fields of medicine, had formal specialties (Blog entry, June 7, 2012). In other 
words, he wanted to be an educational ‘engineer’ or ‘entrepreneur.’ Moreover, he 
felt such need to be acknowledged for one’s notoriety in teaching was normal. 
He asked, for instance: “Don’t we all want to leave a mark. … It is what distin-
guishes us that drives us to do what we do” (Interview, July 30, 2013). About 
this, he added:

Call me crazy, but we have to have that inimitability factor, to define who we are as teach-
ers. … So, do I want everyone in my school [department] doing STEPWISE? [The answer 
is,] No! [Let me put it this way,] If all of your colleagues did everything the same way [as 
you], it would really take away from students being in your course (Dec. 17, 2012).

This finding begs the question, ‘To what extent do educators need to believe in the 
changes they promote?’

11.5.2.3  Success Breeding Success

Teaching against the grain would, likely, be much more difficult for teachers if its 
results were not successful. Mirjan, as might be expected, experienced considerable 
successes using approaches aligned with STEPWISE. A particularly important find-
ing that he noted on several occasions was that, “I have found that my Grade 10 
students scored at, or above, average on unit tests and final common exams compared 
to other Grade 10 classes. This important finding may suggest that even content 

Fig. 11.10 Word cloud created from Mirjan’s project journal
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learning (concepts education) may be improved when the course is contextualized in 
real, meaningful and relevant STSE issues” (Blog entry, Dec. 3, 2012). Moreover, in 
addition to noting successes in various learning domains, he also emphasized that the 
approaches seemed to promote successes among students who often struggled with 
traditional science teaching:

I have had a lot of success with the STEPWISE framework. Students are more engaged on 
average. My weaker students (ie. those who generally do poorly on knowledge-based tests) 
have done a lot better in class with the STEPWISE. Students like discussing socio-scientific 
issues and being empowered to act and make a difference in our society. Students’ inquiry 
projects (experiments and correlational studies) have more meaning since they are contex-
tualized (Blog entry, Nov. 23, 2011).

Additionally, there appeared to be considerable ‘sticking power’ with his approaches. 
After listening to an audio-recording of student interviews conducted by Larry four 
months after their course had ended, he remarked how pleased he was that students 
had retained significant portions of the instruction regarding research-informed and 
negotiated activism: “This is exactly what I want these kids to be able to do: to talk 
intelligently about their STSE issues and defend their action months after they have 
completed them!” (Email message to Larry, Nov. 16, 2012). Finally, although many 
more examples could be provided, a letter from a twelfth-grade student indicated 
the degree to which some students were appreciative of Mirjan’s work:

I have always envisioned my life turning out different. I had a few ideas, here and there, of 
what I would like to dedicate my life to but I was still doubtful. You have given me a place 
to start with activism and fuelling my passion and motivation into dedicating myself to such 
causes. It has made me feel beyond ecstatic and energize[d] to have meaning and passion 
re-enter my life. After reflecting on the past year, it is funny how you came at just the right 
moment (June 26, 2013).

Such deep, personalized, attachments to education may be explained in various 
ways. However, again, Wenger’s (1998) knowledge duality theory seems helpful 
here. In other words, with reference to Fig. 11.11, students’ engagement in recipro-
cal relations between phenomena of the ‘World’ and representation(s) (‘Signs’) of 
them may have deepened their commitments to issues, research findings and actions 
and, more broadly, the education experience they perceived (e.g., regarding the let-
ter from a graduating student to Mirjan, as reflected in the above quote).

Fig. 11.11 Educational personalization through STEPWISE
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11.5.2.4  Educational Contexts

Despite Mirjan’s apparent successes, in several ways, conclusions about the degree 
to which he was able to ‘teach against the grain’ should be tempered with the realiza-
tion that STEPWISE implementation significantly depended on his teaching and 
learning contexts. Much of his overall success must be attributed to the perhaps ideal 
conditions in the first school in which he had worked (Sept. 2006–June 2012). Mirjan 
stressed, at different times, that his orientation towards reflective practice arose 
because, to a large extent, the department head—supported by the school’s adminis-
trative team (e.g., principal)—in his first school set a tone of exploration for the 
department colleagues. Mirjan said, for example: “The leader … was, I would say, a 
more forward-thinking teacher. Leadership is important. He wanted to innovate in 
the science department by introducing … cross-curricular assignments” (Interview, 
July 30, 2013). Although he noted that most of his colleagues, while innovative, did 
not take their instruction beyond levels #1 and 2  in Table  11.1, he felt habits of 
reflective practice were reinforced from the very beginning of his teaching career.

Particularly in the context of larger schools, Mirjan suggested that an essential 
condition enabling him to develop and explore new approaches was his freedom to 
‘step aside from collaboration’ with colleagues teaching other sections of the same 
course. This was a routine practice for any teacher who wanted to innovate in the first 
school. It also was, though, a circumstance he experienced in the first year of his new, 
more conservative, school in the second year of the project. He was hired with the 
recognition that he was performing differently than most teachers and, accordingly, 
was allowed to teach courses for which there were no other classes of the same course.

11.5.2.5  The Research/Facilitator-Teacher Relationship

Just as collegial support—even in the form of avoidance of collaboration, as had been 
the case in Mirjan’s new school—appeared to be a significant factor in enabling 
Mirjan to teach against the grain, he believed that our collaboration was a significant 
factor. While, in his written reflection about what contributed to his abilities to teach 
against the grain (Aug. 6, 2013), he named several people who had served as “men-
tors” throughout his teaching career, data from this study clearly indicate effects of 
Larry’s perspectives and practices on those of Mirjan. Mirjan—and, in many cases, 
students in his classes—routinely used phrases from the STEPWISE project devel-
oped by Larry, including: ‘wellbeing for individuals, societies & environments,’ 
‘research-informed activism’ and ‘primary and secondary research.’ Moreover, with 
each successive scholarly paper developed from studies of his teaching, he incorpo-
rated ideas from them into his teaching in the next semesters. On the other hand, there 
also was considerable evidence that Larry’s perspectives and practices were affected 
by his interactions with Mirjan. A clear example of this pertained to the pedagogical 
framework in Fig. 11.1, which was continuously-revised from an earlier version as 
new findings emerged from our successive inquiries into Mirjan’s practices.
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11.6  Summary and Conclusions

Up against a veritable ‘Borg’ (from the Star Trek™ entertainment series) in the 
form of the global capitalist network and accompanying Global Education Reform 
Movement that has, apparently, structured education in ways conducive to maxi-
mizing profits for relative few global individuals, some teachers seem to manage to 
avoid ‘being assimilated’—‘teaching against the grain,’ in the words of Marilyn 
Cochran-Smith (1991). Mirjan Krstovic appears to be such a teacher. Many of his 
personal qualities seemed to embolden him to teach in counter-culture ways, includ-
ing by prioritizing student choice and context, enlightening them about powerful 
actors apparently arranging their world to suite their interests, and encouraging and 
enabling them to take actions to bring about a better world. Among these qualities, 
it seems that his perpetual drive to investigate his teaching, to interrogate fundamen-
tal premises influencing his decisions and his energetic and creative spirit, all aimed 
at helping every student develop to her/his potential, stood out as essential. Indeed, 
it seemed his penchant for lifelong learning and, moreover, an apparent need to be 
acknowledged as unique and successful may over-shadow, to a degree, his desires 
to improve the world through science education.

Although Mirjan embodies many characteristics highly suitable for teaching 
against the grain towards a better world, we must not consider him as having acting 
alone in this regard. Based on actor-network theory (Latour, 2005), each ‘separate’ 
actant (e.g., human) can be considered to be a ‘complex’; that is, an entity composed 
of influences from many other entities (actants) in dynamic (fluctuating) ways. In 
other words, we can assume Mirjan represented just one entity within a network that, 
collectively, enabled and ‘defined’ (for the context) ‘teaching against the grain.’ 
Having acknowledged this complexity, however, the research here suggests some 
actants within this network were particularly influential. With little doubt, the Ontario 
government’s decision (itself influenced by many actors) to  prioritize education 
about socioscientific issues, students’ research and socio-political actions was a 
major contributing factor; and one that perhaps needs to be celebrated and emulated. 
Additionally, however, that Mirjan began this project both having previously con-
ducted action research and having been nurtured (e.g., by administrators, senior 
teachers and mentors) in the early years of his teaching career into habits of critical 
and creative reflective practice seemed pivotal; and, yet another reminder of benefits 
of provisions (e.g., time and infrastructure) in school systems for ongoing profes-
sional development. Associated with this was an interesting finding that more per-
sonally-meaningful learning—like that encouraged by STEPWISE—can be 
facilitated, in part, by teachers who have developed expertise in a range of student- 
focused pedagogical practices, such as those inherent to instructional intelligence 
promoted by Barrie Bennett and Carol Rolheiser (2001). At the same time, it seemed 
clear that a merging of Mirjan’s personal characteristics and attitudes, skills and 
knowledge generated through educational research—here in the form of his graduate 
studies in education and research collaboration with Larry—was an essential ingre-
dient for the apparently highly-successful teaching against the grain that may con-
tribute to improvements to the wellbeing of individuals, societies and environments.
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 Appendix A

E-mail: mirjan.krstovic@peelsb.com
Twitter: www.twitter.com/MKrstovic
ClassWiki: http://mrkrstovic.wetpaint.com
EduBlog: www.mkrstovic.edublogs.org

This year I had the privilege of attending the AERA conference in San Francisco 
where I presented two research papers with several graduate students and 
faculty members from the Ontario Institute for Studies in Education (OISE). It 
was an incredible professional development experience and I’d like to share 
with you some of the highlights from this conference from my point of view. 
Over 20,000 people attended the event with many world experts sharing their 
expertise and wisdom in education. A good friend of mine once said: “What 
good is your knowledge if you don’t share it with others?” So, I hope that you 
find this document somewhat useful in your attempt to build a more issues-
based and action-oriented curriculum that builds our students’ character.
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 Favorite Quotes from the Featured Presidential Sessions

“We are moving form a national, analog, industrial economy to a 
global, digital, information economy. Every one of our social 
institutions was created for the former. Schools need to be re-fitted 
for new society.” Arthur Levine, Woodrow Wilson Fellowship 
Foundation

“Do something with what you know! It is knowing the structure of 
the discipline, how to use it and how to make it useful that is 
important to convey to our students—not just the facts and 
concepts of the discipline.” Sharon P. Robinson, American 
Association of Colleges for Teachers of Education

“We have this highly stratified education system in this country. 
With education schools historically and legitimately taking pride in 
serving who? Women, working class people and minorities—none 
of whom have enjoyed much status in this country.” Kent McGuire, 
Southern Education Foundation, Inc.

Please e-mail me (mirjan.krstovic@peelsb.com) if you would like FULL 
videos featuring these four prominent speakers from the conference.
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 Food for Thought !

Although the featured speakers that I listened to are from the USA, what they are 
saying (as captured by the quotes above) can be easily applied to our country and 
much of the ‘developing’ world, too. As one listens to these dynamic speakers, it’s 
hard not to think about the multitude of ways in which we can better prepare stu-
dents for the future, especially marginalized and ‘at-risk’ students. The following 
questions came to mind after I reflected carefully on the content of each speech:

• What changes need to occur in our practice so that our students are better pre-
pared for this ‘new society’?

• How might our practice evolve in response to global and local concerns?
• Our subject disciplines do not occur in some kind of a ‘sociocultural vaccum.’ 

How can develop better cross-curricular assignments that allow our students to 
experience the interdisciplinary nature of education (for citizenship)?

 Arne Duncan, US Secretary of Education Controversial Quotes?

 

“Today federal state and local governments spend billions of dollars each year on 
professional development for teachers, yet we know surprisingly little about the 
effectiveness or return on investment of professional development.”

“I’ve seen devastating effects of poverty…But give me the poorest kid, from the 
toughest community and the toughest family and put them in a high quality setting, 
have them go to elementary, middle school and high school, have them go to col-
lege—I’m actually optimistic about that child.”

“I never said poverty doesn’t matter. I said that poverty should never be destiny!”
“We have to close the opportunity gap before we can close the achievement gap. 

All children need opportunity to be successful.”

Photo by: Mirjan Krstovic
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“Talent, time and resources—that’s what will close the opportunity gap.” [He is 
referring to putting talented teachers in tough communities with underprivileged 
children]

 Food for Thought !

The special invited address entitled “Choosing the right battles: remarks and con-
versation” by Arne Duncan, the ninth U.S. secretary of education drew the largest 
audience at the 2013 AERA conference. Secretary Duncan is a very good orator 
who also handles controversial questions rather well. Although he made several 
good points in his speech (e.g., poverty should not be destiny), his policies on 
‘school reform’ supported by President Obama and other Democrats have many 
for-profit educational industries benefiting, particularly technology firms, publish-
ing and testing corporations, test prep and monitoring centres, educational manage-
ment companies, investment bankers, venture philanthropy and think tanks. Also, 
servants of power and flexians (people who move between foundations), private 
companies and universities, as well as human capital economists are all benefitting 
financially from “Race to the top” reform. So are Secretary Duncan and his allies 
really serious about reducing inequality gap when his governments’ policies are 
clearly privileging those who are already at the top? Should our country’s govern-
ments (both federal and provincial) be taking advice from our neighbors? What 
position do we take if, or when, our governments (and large corporations) start to 
oppress the less privileged and/or the middle class in our society?

 What the Tweets Say About Arne’s Speech #AERASec
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Photos from Occupy AERA—Protesting Secretary Duncan’s Visit to AERA

 

Photos by: Mirjan Krstovic Videos are also available upon request. Please 
e-mail me (mirjan.krstovic@peelsb.com) if you are interested for the video 
footage.
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 Teacher Leadership for Educational Quality and Equity

What makes education in Finland so unique and highly effective?

 

This is what I learned from the Dean of University of Helsinki, Finland, Dr. 
Hannele M.  Niemi, at a roundtable session chaired by Dr. Ann Lieberman of 
Stanford University.

In Finland:

• There is a high level of respect for teacher.
• Every teacher is a leader.
• It is very competitive to get into teacher’s college.
• Teachers have high level pedagogical thinking but also pedagogical content 

knowledge.
• Teachers understand how students are learning at each stage.
• Teachers are not only responsible for next level of education but also for how 

students can go forward in their lives.
• There are no national tests; that leaves lots of freedom but also lots of responsi-

bilities for teachers.
• Teachers decide how they organize their work in the school in cooperation with 

other teachers and principals.
• Every teachers must have a 5 year Master’s level degree.
• Teachers must have high level analytical thinking and also credibility to make 

decisions based on evidence.
• Teachers go in many different places in Finland - they are highly sought after 

professionals in Finnish society.
• Teachers are proud of their profession in Finland.
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• Principals are also teaching.
• Beginner teachers have high level of support and mentoring.
• Collaboration with outside partners is an area of need for professional develop-

ment for teachers.

Audio recording of Dr. Nieme’s talk is available upon request. Please e-mail: 
mirjan.krstovic@peelsb.com

 Learning with Dr. Ann Lieberman

Ann and I after a roundtable discussion about teacher leadership. Ann Lieberman 
was previously a senior scholar at The Carnegie Foundation for the Advancement of 
Teaching and is Professor Emeritus of Education at Columbia University. She is 
also a senior scholar at Stanford University. I met Ann four years ago when I was 
part of the Teacher Learning and Leadership Program (TLLP) for experienced 
teachers. Ann was the key note speaker at the TLLP conference. I kept in touch with 
Ann. Her work has greatly contributed to a very successful cross-curricular 
Leadership for Learning team that was formed five years ago at Fletcher’s Meadow 
Secondary School. Ann joined us via web conference during one of our professional 
learning team meetings. It was a pleasure seeing her again in San Francisco where 
we shared our learning about teacher leadership.
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 Learning from Dr. Pedro Noguera
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Dr. Pedro Noguera, is the Professor of Education at New York University. He is a 
remarkable speaker who certainly knows how to motivate and inspire the crowd!

Key Learning Points from Dr. Noguera’s Speech:

• We give the most to children that have the most, and we don’t give enough to 
those who need it the most.

• We need to empower kids as learners! We need to spend more time on empow-
ering kids and motivating them to learn!

• Failure is not an option! Fear is not a motivator! What kids need is hope!
• Racial inequality is still an issue—how do we reduce these disparities?
• So much of what is wrong has to do with the politics of education and the poli-

cies of education. The fact that we continue to view education as a vacuum, that 
we have not created a more integrated strategy connected to health, housing, 
community development… So much of what’s wrong is that we continue to 
blame teachers for problems that they do not create.

• We need to move away from blaming to thinking more deeply about the nature 
of the problems.

 Key Ingredients for School Improvement

 1. Coherent instructional guidance system
 2. Development of the professional capacity of its faculty
 3. Strong parent and community school ties
 4. A student-centered learning climate
 5. Leadership that drives learning

 Questions for Thought

 1. How do we build and sustain a climate for learning in our schools?
 2. What additional resources do we need to help sustain this climate for learning?
 3. How do we foster community partnerships to support our climate for learning?
 4. Which of the above ingredients for school improvement needs more attention at 

our school?
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 Teacher Activists and Character Education

Three characteristics of teacher activists:

 (i) Vision of a more socially just world
 (ii) Work to enact this vision
 (iii) Stand up to oppression

Vincent Harding’s Wisdom

 

“If we teach youth to run away from the darkness, rather than to open up the light 
in it, then we are doing great harm to them.”

“We human beings are meant to be sources of light for each other.”
“How do we talk together in ways that will open up our best capacities and our 

best gifts?”
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Resources

 

“We have to re-think the education.Education has to be for social and political 
action!” - Dr. Chris Emdin

 Great TED Talks on Ecological Justice

 

These are truly inspirational videos!
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 Learning from the Homeless on the Streets of San Francisco

As I walked out the Hilton Hotel I came across a queue of homeless people who 
were waiting rather patiently to get lunch from a local church organization called 
“Glide”. I asked for permission to interview a few of them to learn more about their 
experiences since the theme of the AERA conference was Education and Poverty.
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Excerpt from the Street Spirit newspaper given to me by one of the homeless 
gentlemen.

 

Check out this newspaper. A number of homeless people were handing it out on 
the street in exchange for some money. Articles from this newspaper can be used to 
stimulate discussion in class around social justice. Visit www.thestreetspirit.org

11 Resisting the Borg: Science Teaching for Common Wellbeing
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 Social Justice in MATH Class!
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Dr. Indigo Esmonde, Assistant Professor from OISE/UT, specializes in learning to 
teach mathematics for social justice! I was impressed with her presentation and her 
enthusiasm for a ‘different’ kind of math education. She introduces us to the oppor-
tunities for learning math in the context of community activism. Who would have 
thought these two fields can ever connect?

I took a photograph of the Abstract of her poster:

 

For the math teachers interested in social justice, contact Dr. Esmonde at ies-
monde@oise.utoronto.ca. I spoke with Indigo on the airplane on the way back from 
San Fran and she is very cool, and looks forward to connecting with teachers who 
want to adopt social justice perspective in their math classes. Imagine the 
possibilities!

 My Contributions to AERA

 Students’ Social Studies Influences on Their Socioscientific Actions

A Presentation at the annual conference of the American Educational Research 
Association April 27–May 1, 2013, San Francisco, CA, USA

Theme; “Education and Poverty; Theory, Research, Policy, and Praxis”
J. Lawrence Bencze & Mirjan Krstovic

For interested staff, full article that Dr. Bencze and I presented can be found 
here:http://webspace.oise.utoronto.ca/~benczela/AERA2013_Bencze-Krstovic.
pdf
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 Students’ Socioscientific Actions: U Sing & Enhancing Their ‘ 
‘Street Smarts’

Christina Phillips, Mirjau Krstosvic and J. Lawrence Beneze Ontario Institute for 
Studies in Education. University of Toronto

Abstract
In the context of promoting actions to address socioscientific issues, we found that 
student-led research projects were effective ‘border-crossing’ instruments that 
enabled students to increase their scientific street-smart savvy. Arguably, increased 
street smarts provided by research-informed student activism allow a greater degree 
of scientific knowledge to be internalized as students have been permitted to explore 
the discipline as personalized ‘experts’ These approaches may be instrumental in 
increasing student success and transcending scientific power dynamics as they 
enable students to view-science as a relevant participatory activity. This may aid in 
the diminishment of intellectual, economic and moral poverty where future citizens 
arc more capable of making scientifically-literate decisions.

 

I would like to give special thanks to the following people:

• Principal Sue Turner for her support, interest in the conference and approval of 
my PD leave

• VP Chris Lane for arranging my supply coverage

Christina Phillips and I during our poster presentation (See Abstract of our paper below)
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• Kathryn Dertinger for her support in taking care of the STPDL forms
• OSSTF for the supply coverage money
• Erindale Science staff for checking up on my classes while
• I was away ☺
• Colleagues from OISE/UT, especially Dr. Bencze for his scholarship and 

mentorship
• My Leadership for Learning Team—too many to name ☺
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Chapter 12
Giving Meaning to STSE Issues Through 
Student-Led Action Research: An Actor- 
Network Theory Account of STEPWISE 
in Action

Neil T. Ramjewan , Brandon Zoras , and Larry Bencze 

12.1  Introduction

In this chapter, we use Actor-Network Theory (ANT), a disparate assemblage of 
material-semiotic tools (Law, 2009), to describe our implementation of STEPWISE 
in a Grade 9 pre-International Baccalaureate class. STEPWISE is a pedagogical 
framework for science education that promotes wellbeing for individuals, societies 
and environments in hopes of developing reflective, critical, and sustainable rela-
tionships between these domains by resisting neoliberal logics that instrumentalize 
science and technology education, research, and practice as a profit centers within a 
free market paradigm (Bencze & Carter, 2011). STEPWISE tries to reposition and 
reimagine science and technology education such that its participants can envision 
themselves as ethical society makers, changers and activists (Bencze, Sperling, & 
Carter, 2012).

This study highlights merits of determining a personally-relevant STSE issue 
and ambivalence in said process in terms of framing and moving between localities 
and the global. Furthermore, we consider the role of a digital virtual social media 
space, ‘the Wiki,’ and its role in constituting subject positions and shaping capaci-
ties for action or, dare we say, agency. Finally, we consider effects of engaging in 
activist science projects and their roles in displacing students from determinism 
inherent to traditional science pedagogies into ambivalent and indeterminate cross-
roads of reflexive society making.
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12.2  Theoretical Background

12.2.1  Actor-Network Theory in Abstraction

ANT is employed methodologically in this study as a means of doing what some 
suggest ANT does best — tell interesting and descriptive stories (Law, 2009) using 
the vocabulary of ANT in search of new descriptors to narrate how our network(s) 
wax(es) and wane(s). But, first, the question of whether ANT can be abstracted and, 
thus, whether it warrants nomenclature of being a theory at all has been a source of 
ongoing controversy that must be considered momentarily (Calás & Smircich, 
1999). Though the focus of this section is not to engage in that debate, perhaps 
attempting to state what is ANT is somewhat a participation in that debate; but, like 
John Law (2009), who makes a definitive claim that ANT can be abstracted and rei-
fied as a coherent assemblage of critical ideas and methods, we attempt to briefly do 
the same here. By implication, this text in its attempt to state what is ANT, as Law 
(2006) reminds us, is a translation of ANT through our lens and situation and, thus, 
is immediately a betrayal of the nature of ANT.

With origins in the sociology of science and technology, ANT, also known as the 
“sociology of translation” (Law, 1992, p. 380), is concerned with power and rela-
tionships. ANT is interested in the social but as a descendant of postmodernism and 
poststructural theory, ANT is invested in particularities of social phenomena, or 
multiplicities of social orders. Law (1992) notes, “…there is no such thing as … 
“the social order” with a single center, or a single set of stable relations. Rather, 
there are orders, in the plural” (p. 386, italic in original). As such, ANT is invested 
in describing how multiple social localities come into being, interact, and fall out of 
being.

In a seminal study, Michel Callon (1986a) asserts that ANT is founded on three 
principles: agnosticism, generalized symmetry and free-association. These princi-
ples suggest that ANT, in its telling of small stories, is impartial to its constitution 
of actors, which can be human or non-human, or materially heterogeneous, and can 
in turn be ontologically social, natural and technological (Wong & Tatnall, 2010). 
This posture has the effect of flattening the social by way of not privileging human 
actors and acknowledging dependence of social orders on all forms of materiality 
(Latour, 2005). To further elaborate the concept of an actor, Arthur Tatnall and 
Stephen Burgess (2002) draw on Law (1992), noting: “An actor is seen not just as a 
‘point object’ but rather as an association of heterogeneous elements, themselves 
constituting a network. Each actor is thus itself also a simplified network” (p. 183). 
Hence, we get the Actor-Network hyphenation, ambiguity, and fluidity that the 
name “ANT” suggest in the constitution of its object of study.

By implication, networks are black-boxed, or hidden, as they are semiotically 
represented resulting in an oversimplification of said networks in the form of punc-
tualized actors, perceived as singular, stand-alone entities. Callon (1986b) considers 
that which becomes black-boxed followed by a commonly used strategy of un- 
black- boxing, or thick descriptions of actors and relations that bring them into 
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being, in turn exposing other critical and relational actors. Law (2009) further elab-
orates the importance of such relations indicating that ANT is “a disparate family of 
material-semiotic tools, sensibilities and methods of analysis that treats everything 
in the social and natural worlds as a continuously generated effect of the webs of 
relations within which they are located” (p. 141) outside of which there is no dis-
cernible reality.

Marta Calás and Linda Smircich (1999) note that early ANT scholarship con-
ceived networks as manifest out of research related analytical structures created by 
analysts. As such, early ANT scholars were interested in ways in which actors 
became centered as part of a network. Works by scholars such as Callon (1986a) 
with this goal in mind call attention to four moments in sociological translation that 
provide a vocabulary for analysis that we utilize in this study.

The first moment of translation, problematization, involves key actors re- defining 
problems in terms of constructed solutions made possible only by said actors, thus 
rendering the actor indispensable. This usually involves a double movement (Callon, 
1986a) in which said actor(s) determine other actors in the network and their identi-
ties in relation to the solution proposed, an effect that translates said actor into an 
obligatory point of passage (OPP) in the network, or a node which other actors must 
encounter to exist in the network (Callon, 1986a). The second move, interessement, 
involves an actor (A) becoming ‘interested’ or coming between an entity (B), which 
is brought into relational existence by (A), and other entities (C, D, E,…n) trying to 
coopt (B) into problematic relations. The function of this move further stabilizes the 
network and its actors via the imposition of roles onto surrounding actors (Wong & 
Tatnall, 2010), effectively locking allies in their place (Callon, 1986a). The third 
moment is enrolment, or the coordination of imposed roles. However, of critical 
distinction is that roles are not only imposed through the process of problematiza-
tion and interessement, but now they are ‘yielded-to’ in enrolment, a structural will-
ingness again strengthening network relations. Finally, mobilization, refers to 
network spread and acceptance accomplished by ‘spokespersons’ in which some 
actors speak on behalf of other actors thereby punctualizing, or black-boxing, cer-
tain actors, which are actually networks in themselves (Callon, 1986b).

In more recent scholarship, those using ANT have not only been interested in this 
centering but also means by which actors become decentered, how networks fail 
and “oscillations” that seem to occur, a concept referred to as “ontological choreog-
raphy” (Calás & Smircich, 1999, p.  663). These studies have included concepts 
such as ambivalence, indeterminacy and multiplicity (Singleton & Michael, 1993) 
that help to describe fluidity and ever- changing characteristics of networks that 
contribute to their ebb and flow and account for maintenance of networks, while 
highlighting the precarious nature of networks (Law, 1992). These notions play in 
the realm of uncertainty, in which all relations are mediated and are extensively 
considered through analyses in this study.

Lastly, but certainly not least, is the notion of reflexivity. Calás and Smircich 
(1999) note that ANT is a reflexive methodological paradigm, or a system of knowl-
edge production that “both constitutes and describes its objects of interest” (p. 663). 
ANT traditions have centered this reflexivity thereby offering a criticism of 
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 positivism and relatedly empirical studies in general, which operate under the same 
terms of reflexivity, but manage to decenter this self-referentiality by privileging a 
distinct ontological separation between observer and object. For ANT scholars and 
analyses, this point of reflexivity is not one that is elided but, rather, embraced and 
centered with two ends in mind.

First, acknowledging this self-fulfilling form of knowledge production, ANT 
analyses irrevocably bind the observer and its objects, yielding an infinity of inter-
sectionality and complexity in construction of descriptions of the world and phe-
nomena. Consequently, this makes ANT particularly capable of telling detailed, 
fluid, and dynamic stories of reality from multiple perspectives, but in a way that 
“defamiliarizes what we may otherwise take for granted” (Calás & Smircich, 1999, 
p. 663). Second, this centering of reflexivity implicates ANT as an actor and thus, 
an Actor-Network in the networks it seeks to describe (Singleton & Michael, 1993). 
This point is crucial to the framing of this study since it was rooted in elaborating 
interconnectedness of actors in our context. Consequences of this involve possible 
dissolution of ANT as a cohesive Actor-Network that will inevitably come with the 
passage of time as ‘it,’ as an assemblage of practices, is translated into different 
intellectual tools and practices seeking to make sense of our realities (Law, 2009).

12.3  Why ANT?

Pedretti and Nazir (2011), in their comprehensive report on the last 40 years of 
STSE education, point to a critical moment in science education’s recent history 
that involves making connections among fields of science, technology, societies and 
environments (STSE). This study and STEPWISE are part of that tradition in many 
ways. In continuing efforts to make connections, enabling students to see STSE 
relationships of which they are a part, inevitably uncovers relationships and exposes 
networks of interrelation. In fact, one of the earliest activities that high school stu-
dents engaged in involved identifying entities connected to specific technologies 
keeping the acronym STSE in mind (see Fig. 12.1). Building on these connections 
and using the STEPWISE framework, we were interested in helping students situate 
themselves in these networks with the intention of realizing that their actions can 
ultimately disrupt said relations, leading to possible change and resolution of STSE 
issues. We believe that these efforts to build and ‘see’ networks surrounding our 
technoscientific contemporary lives make obvious connections to ANT and its con-
cern with network translation, choreography, and oscillation, making ANT a suit-
able theoretical lens for understanding STEPWISE in action.
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12.4  Research Context and Methods

The study reported here takes place primarily at a large urban public high school, 
specifically in a course titled ‘Grade 9 Academic Science’ that is part of the 
International Baccalaureate (IB) program. We implemented STEPWISE over the 
course of a semester from September 2013 to January 2014. The IB Diploma 
Program (DP) officially begins in Grade 11, but Grade 9 and 10 are transition years, 
or “pre-IB” with a less dense curriculum that involves close ties with the IB system, 
curriculum, standardized testing, and external marking protocols (ibo.org/en/pro-
grammes/diploma-programme) and so on. The pre-IB student participants in this 
study were screened by the school to determine eligibility for the IB program based 
on both academic and non-academic criteria. The high school teacher, Mr. Zoras 
(author two here), had 6 years of teaching experience, although this was his first time 
teaching in the IB program. Mr. Zoras had previously participated and implemented 
STEPWISE with another group of high school students (see Zoras & Bencze, 2014).

As a pedagogical framework that tries to disrupt and decenter neoliberal logics, 
STEPWISE values student knowledge and interest. Thus, the framework promotes 
student-directed, as opposed to teacher-directed, learning pathways and open-ended 
versus closed-ended rigid curricular outcomes and expectations (Bencze, Alsop, & 
Bowen, 2009). High school students were taught, via an accelerated apprenticeship 
model, how to engage in research-informed and negotiated action (RiNA) projects 
that address STSE issues. In general, students were taught to conduct secondary 
research, primary research and, finally, take action to engage STSE issues.

Secondary research involves using sources about others’ research, such as exist-
ing reports and articles on STSE issues accessible via the library or mainly the 
Internet. This skill was directly tied to identification of an STSE issue, which was 
student-directed in the sense that it was determined by students, but somewhat 

Fig. 12.1 Student work sample of a technology (fighter jet) located in a network of relations
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closed in the sense that it needed to relate to the IB unit of study (Ecology). Primary 
research, or research in which students collected data, typically via creation of digi-
tal surveys using Google Forms™, was analyzed by students to inform them about 
how people in their daily lives related to the STSE issue they chose to address. This 
information was then utilized to design and conduct actions to address, disrupt, or 
make better their STSE issue, the outcomes of which were unpredictable and thus, 
open-ended by design.

The final phase of the study involved high school students, with the gained 
expertise of doing RiNA projects, mentoring Grade 5 and 6 elementary school stu-
dents to conduct RiNA projects of their own. This collaboration involved digital 
communication and interaction across a social media platform — Wikispace™ — 
hereafter “the Wiki” to which it was referred throughout. All interactions with the 
elementary school occurred digitally either synchronously or asynchronously using 
either Google Talk™, the Wiki, or YouTube™. The elementary school teacher, Mr. 
Romano, did not teach students how to conduct STEPWISE projects, rather sup-
ported their use of technology, thus enabling high school students to be teachers of 
activist science. The elementary school is part the same large urban school board as 
the high school, but is geographically distinct and culturally and linguistically 
diverse.

Unfortunately, the course of collaboration between classes was fraught with 
institutionalized schedules leading to temporal conflicts and ultimately, failure of 
this aspect of the research to fully materialize. But why mention it here as opposed 
to just leaving it out of this text? The primary reason for this is because students 
were informed of this being a possible aspect early in the course of the project and, 
consequently, imposed social relations thereby producing social positions, percep-
tions, and actions. As well, high school students created teaching resources for the 
elementary school students yielding instructional artefacts for analysis in this study. 
In fact, the elementary school students did manage to use and implement these 
resources in their own RiNA projects; however, due to network constraints, such as 
end-of-school year and frequency of project engagement by elementary school stu-
dents, sufficient data were not collected to fully comment on potential outcomes of 
these relations in terms of mentorship. However, because of digital mediums and 
resulting virtual collaborative spaces (i.e., Wiki/social media) within which said 
artifacts are produced (teaching resources such as videos), we do consider this rela-
tionship in ANT terms since these artefacts are representative of said relations and 
are, thus, actors in network relations.

12.5  Data Collection and Analyses Methods

Data were created, collected, and mined in a variety of ways using in a number of 
sources, including:
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• Semi-structured interviews: As a team, researchers devised questions to learn 
about processes of doing RiNA projects and teaching said process to younger 
students and how this relates to one’s social position in society. Seven high 
school students were interviewed on three occasions for approximately 20 min-
utes each session. Three elementary school students were interviewed once for 
approximately 20 minutes each. Interviews were recorded and transcribed. The 
transcriptions were coded and themes were allowed to emerge from the 
transcripts.

• Artefacts of students’ work: As part of the STEPWISE project, students were 
required to produce certain products for teacher evaluation. These products were 
created on a variety of web platforms (Facebook™, Twitter™, YouTube™, word 
processor) but were stored or presented in the class/project Wiki site organized 
by groups and further into STSE issue secondary research, primary research 
(mobilized by Google’s™ suite of analytic tools), and actions. As well, each 
student was responsible for three reflections using an Attitudes, Skills, Knowledge 
(ASK) framework to help guide their reflections when thinking about STEPWISE, 
engaging as activists, and thinking about social position.

• Anecdotal records/Observational notes: Significant portions of in-class time was 
allotted for the projects, thus, field notes were used to supplement the picture of 
our story.

Using constant comparative methods premised on constructivist grounded the-
ory, we discussed the emerging data regularly to dialectically construct the direction 
of the project and to make meaning of what was coming into focus. Data were codi-
fied, categorized and themes were allowed to emerge. Themes were negotiated 
between researchers/teachers to improve the trustworthiness of claims (Charmaz, 
2000). This process continued until saturation or until no new themes emerged or 
were apparent (Corbin & Strauss, 2008). For triangulation purposes, multiple 
sources were examined to validate themes, including transcripts, student reflections 
(ASK), and other student artefacts, including social media screenshots, videos, 
images and researcher field notes (Lincoln & Guba, 2000). As a result, categorical 
analysis of mentorship, motivation, and social location revealed key patterns of con-
cern by high school students, including: the process of determining an STSE issue 
and ambivalence towards activist efforts and outcomes. Meanwhile, an ANT theo-
retical lens brought the conditions of social position into focus, which were sup-
ported by interview accounts of one’s changing social position while doing 
STEPWISE along with an articulation of one’s sense of agency.

12.6  Commentaries

Law (2006) notes that ANT is not only rooted in empirical case study, but also is 
better performed as a means of explaining its practices, rather than trying to repre-
sent it under apprehension that “faithful translation” (p.  48) is aloof. Thus, this 
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section is ANT- in-action or, more specifically, a description of the actor-worlds of 
high school students and elementary students as they engage in STEPWISE, assum-
ing a multiplicity of roles, including but not limited to that of students, mentors, 
mentees, teachers and researchers.

In trying to make sense of an infinite array of relations, the initial analysis of the 
data yielded a graphical representation (see Fig. 12.2) as described by Tony Bryant 
and Kathy Charmaz (2007), which expounds usage of grounded theory in situa-
tional analysis, and which is a commonly-used strategy to tell ANT stories (see 
Callon, 1986b). We have decided to use this strategy and the resulting graphic as a 
starting point in the telling of this particular story of STEPWISE. As one can imag-
ine, this representation has undergone countless permutations through this process 
of analysis and writing, is essentially imprecise and, as a translation, is unfaithful to 
the ontologies that it attempts to describe, but we feel serves as a good starting point 
in this story. We have reflexively tried to justify and amend this depiction through-
out analysis using ANT concepts, including problematization, interessement, enrol-
ment, mobilization and ambivalences, to consider how certain actors get centered 
and to understand how the network waxes and wanes.

Tatnall and Bugress (2002) suggests identifying actors in the network as a start-
ing point. Of course, this list can never be comprehensive, in that all actors are in 
themselves networks of actors. Ones of interest include high school students, ele-
mentary school students, researchers, teachers, the IB curriculum, the STEPWISE 
framework, STSE issues, secondary research data, primary research data, and vari-
ous forms of technological actors, such as: iPads™, computers, personal mobile 
devices, websites, social media (Facebook™, Twitter™, YouTube™, the Wiki), and 
student artefacts, such as videos, digital documents, and ASK reflections. From 
here, we follow these actors and see how they relate and where they lead.

High School Class
The Wiki

STEPWISE

Elementary
Class

- teacher
- students
- computers
- IB curriculum
- provincial curriculum
- ipads
- personal mobile devices

- videos
- work samples
- images
- student created
  resources
- primary data

- teacher
- students
- computers
- provincial
  curriculum

- researchers
- theory (ANT,
  constructivism)
- framework

Fig. 12.2 Actor-world’s and actor-network
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12.7  Problematization: Processes of Determining an STSE 
Issue

An STSE issue is problematized in terms of a possible solution derived by way of 
research-informed and negotiated actions, as defined by the STEPWISE frame-
work, which students learn and carryout. In this approach, students are provided 
with ‘apprenticeship’ lessons and practice activities helping them to eventually self- 
direct RiNA projects. Consequently, roles of actors surrounding a problematic 
STSE node are quickly translated in relation to the solution(s) proposed. Students 
are defined as indispensable actors that select STSE issues of interest, conduct 
research, and perform actions to address the problem. The Internet, websites, infor-
mation, and computers are actors that make secondary research possible, which 
contribute to secondhand accounts of the STSE issue. These same actors, as well as 
others such as Google™ analytic programs, Facebook™ and Twitter™ are now 
instrumental in terms of gathering and analyzing data to describe how high school 
student peers, friends, family members, and community members are connected to 
said STSE issues. These networks of human actors are defined in relation to the 
STSE issue of concern. For example, one group of high school students decided to 
address problems with electronic waste, which is of environmental concern. They 
petitioned their classmates to understand what kind of e-waste they had accumulat-
ing in their homes and, from this, determined that mobile phone e-waste amongst 
their peer group was a significant problem. In doing this, they defined their peers as 
e-waste producers. Ultimately, their action was to collect said waste for recycling 
with an incentive offered by a recycling company for the most recyclable content 
collected. However, this account of problematization is not complete and, thus, calls 
for student accounts of the process.

After informing high school students about what constitutes an STSE issue 
through transmission style teaching, including YouTube™ video’s from the 94 
Elements series (www.94elements.com/elements/29/), the classroom teacher, Mr. 
Zoras directed students to the Internet to search for an STSE issue of interest. This 
was no easy task. Phase 1 interviews reveal the selection, and thus production, of 
STSE issues as a critical actor that set the tone of possible success or failure of indi-
vidual projects.

During Phase 1, after taking action to confront STSE issues, students were asked 
about what one would tell younger students in terms of identifying an STSE issue; 
one student notes: “I would ask them, ‘What do you care about?,’ just trying to get 
them interested from the start by trying to see what their passions are.” Meanwhile, 
another student notes:

First of all, it’s really important to choose a topic that you really care about because if you 
just have something that you don’t care about then you are not going to help other people 
care about it or lead anything that would make a change about it. So I would tell them to 
first just find a topic that they really feel interested in, [and then] they are bound to make a 
difference about it, it’s not just that — okay I have to find a topic by tomorrow — I have to 
like it too and I have to feel strongly about it.
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Here, we see multiple participants placing importance on identifying an STSE issue 
about which one is passionate in a way that intertwines the issue with one’s sense of 
self, a move that makes the student indispensable to the solution(s) that follow. This 
move is tantamount in terms of the project being meaningful beyond institutional 
demands such as timelines and deadlines. This allows students to develop a sense of 
agency that warrants convincing other human actors to contribute to efforts of 
change, or a process of interessement that will be described shortly. Law (1992) 
outlines ANT’s position on agency that is important to visit here to situate the idea 
of the agent in ANT terms. He states, “social agents are never located in bodies and 
bodies alone, but rather that an actor is a patterned network of heterogeneous rela-
tions, or an effect produced by such a network…an actor is also, always, a network” 
(p. 384). This framing of an agent as a network interprets students development of 
agency as an effect tethered to their increasing entanglement in the network of rela-
tions imposed by the STEPWISE framework.

In Callon’s (1986a) seminal ANT study that suggests an unlikely, but empirically- 
supported, relationship between “scallop anchorage,” a problem determined by sci-
entist, and fishermen in St. Brieuc Bay, the notion of an obligatory point of passage 
(OPP) is introduced. He notes that in the process of problematization, certain 
“movements and detours…must be accepted as well as…alliances that must be 
forged keeping in mind that actors in the network are “fettered,”” (p. 70) or interde-
pendently constrained into being; thus, actors “cannot achieve what they want by 
themselves. Their road is blocked by a series of obstacles problems” (p. 70); thus, 
are dependent on other actors to be brought into contextual being. Similarly, stu-
dents articulate the importance of not just selecting an STSE issue but, rather, deter-
mining a personally-relevant STSE issue about which one cares and to which one is 
connected. This translation marks the construction of an OPP, or an obstacle that is 
determined by one set of actors (high school students) and imposed onto another set 
of actors (elementary school students) as one that must be overcome, or traversed, 
in order to solve the problem; in this case, the very STSE issue itself. This act of 
determining a personally-relevant STSE issue about which one deeply cares can be 
interpreted as the initial step in translation of global STSE issues into local ones that 
can be acted on in meaningful ways, which we address in the next section.

12.8  The Ambivalence of Problematization: Localizing 
the Global

The goal of mentoring younger students was not to establish the roles of mentor- 
mentee as made possible by the Wiki, the interesting entity that makes possible 
relations between high school and elementary school students. Rather, the general 
aim, as envisaged by teachers and researchers, was for high school science students, 
with gained expertise doing RiNA projects in Phase 1, to teach younger students to 
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do similar projects by sharing their expertise in hope of effecting change for the 
betterment of society and environments.

Numerous high school students, after doing their first project in Phase 1, lamented 
on their inability to really change the world (have a large and lasting impact), despite 
being very excited about taking action to resolve an STSE issue. In many cases, 
high school students transitioned from having high hopes, to disappointment and, 
finally, through reflection, to being ambivalent about the actions they took which, in 
turn, affected their articulations of what younger students needed to know about 
taking research-informed and negotiated actions. Interestingly, students tied the 
efficacy of actions to the scope of the STSE issue as it intersects with one’s own life. 
For example, one student who was addressing the issue of deforestation notes in 
response to a question about potential actions:

… many animals…lose their homes and they are going to die and then we are going to lose 
what we need to survive as well [oxygen], and the reason for all this is because of the things 
that we need to pay for…We are pretty much taking advantage of those forest and those 
organisms but we are not realizing that it is going to come back to us. I learned more about 
myself and how we all take advantage of things sometimes, so it really goes in depth more 
than the topic and so it makes you learn more about yourself.

In the same line of questioning, the same student, when asked about what younger 
students needed to know about doing a STEPWISE project, responded:

…the first thing I would tell them is not to think of anything too big that you know you are 
not going to be able to handle because one or two people can’t change the world, but they 
can take little steps…it’s not going to happen in a day because that’s what I thought too, oh 
I’m gonna do something so big, like if I do something big I’m going to get the most marks…
don’t dream too big. When you have that feeling that it’s not going to get accomplished, but 
still you dream big, but work for it and take little steps and think little before you start think-
ing big.

Despite advising others to not think “too big,” this participant contradicts her/his 
advice in saying “but you still dream big,” thereby characterizing the conflict 
between local and global.

Our participant behaves as does the dissatisfied sociologist that Bruno Latour 
(1999) describes as she/he obsessively moves back and forth between the micro and 
the macro, or the local ‘face-to-face’ and the ‘far away’ intangibility that frames the 
situations of our lives (culture, society, norms, context, structure and so on). At a 
glance, this seems like a reframing of the global in local terms; however, this rein-
forces the dichotomy of the local versus global perspectives that is problematic in 
assuming that a global perspective is knowable outside of localities and vice versa. 
Latour (1999) notes:

Actor and network…designates two faces of the same phenomenon, like waves and parti-
cles, the slow realization that the social is a certain type of circulation that can travel end-
lessly without ever encountering either the micro-level—there is never an interaction that is 
not framed—or the macro-level—there are only local summing up which produce either 
local totalities (‘oligoptica’) or total localities (agencies). (p. 18–19)

This ambivalence appears to be at work in student thinking in a way that enables 
one to conceive ‘small’ local actions that are interwoven into ‘large’ STSE issues, 
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as neither large and/or small, local and/or global, micro and/or macro but, rather, 
entertains an ontology of circularity (Latour, 1999). This state of indeterminacy 
allows movement between narrow localities (oligoptica), which together cast 
impressions of the global (Latour, 2005), or what David Bigham (2013) calls a 
“panorama of localities” (p. 18). Despite feelings of frustration and defeat related to 
project outcomes in discord with initial expectations, high school students felt it 
was important to try to act in ways to address global STSE issues, but reflexively 
redefined their expectations, actions and strategies to make potential outcomes more 
locally oriented; thereby establishing pragmatic social bonds to maintain activist 
networks in between notions of the local and the global.

12.9  Mobilization, Problematization, Interessement, 
and Enrollment: The Wiki and Conditions for Subject 
Positions

Above, we discussed the problematization of STSE issues because interview data, 
namely student reflections, reflect these concerns. However, in revisiting the data, 
what became evident was that the primary repository of information and means of 
inter-class collaboration and communication-the Wiki-is punctualized and, thus, 
black-boxed, in part due to its intangible nature as a digital virtual space; thereby 
concealing its role as an actor. This section attempts to open the black-box by prob-
lematizing the Wiki as a solution to geotemporal discord between elementary and 
high school classes to consider what actors are semiotically translated for the sake 
of social cohesion, or inter-class collaboration. In this effort, we also consider the 
other moments of translation, including interessement, enrollment, and mobiliza-
tion to account for our use of technology to mediate collaboration and activism.

In the past, Mr. Zoras and Mr. Romano had used a similar Wiki forum like the 
one used in this study as a means of inter-class collaboration on another project that 
set the stage for this particular union. Mr. Zoras and Mr. Romano discussed the 
prospect of collaboration, problematizing geographical distance, as well as schedul-
ing conflicts between classes; thus, necessitating a communicative solution and nec-
essarily traversed node, or an OPP (problematization). The Wiki was quickly 
integrated to accommodate these misalignments, bringing classes together, as well 
as being a storehouse for student work (interessement and enrollment).

The final moment of translation detailed by Callon (1986) is mobilization, or the 
spread of the network by ‘spokespersons,’ who speak on behalf of actors, effectively 
turning them into an opaque entity whose function is “reduced to a few well-defined 
parameters” (Callon, 1986b, p.  29), or a black-box. However, unlike Callon’s 
(1986a, b) seminal works, which appears to position mobilization as final moment 
in the process of translation, mobilization of the Wiki happened prior to its role 
interesting and enrolling elementary school students, partly because it was already 
in use by high school students in Phase 1. More specifically, when the interclass 
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collaboration was proposed to elementary students, the classroom teacher spoke on 
behalf of the Wiki (black-boxing) presenting it to students as the medium of com-
munication that they must traverse (an OPP), which he would help them navigate as 
their technology teacher.

The Wiki can be considered as a form of social media, or as part of “a group of 
Internet-based applications that build on the ideological and technological founda-
tions of Web 2.0, and that allow the creation and exchange of User Generated 
Content” (Kaplan & Haenlein, 2010, p. 61). All high school student generated con-
tent  — project word documents, Facebook™ and Twitter™ screenshots, ASK 
reflections, teaching resources (videos and documents) — was made accessible for 
exchange with other users, namely elementary school students, teachers, and 
researchers, via the Wiki.

With the black-boxed Wiki in the relational mix, it quickly locked certain rela-
tionships in their place. Recall, interessement, the second moment of sociological 
translation, is generally characterized by an actor (A), becoming ‘interested,’ or 
coming between an entity, (B), which is brought into relational existence by (A), 
and other entities (C, D, E,…n) trying to coopt (B) into ‘problematic’ relations (C----
A===B) (Tatnall & Burgess, 2002); thus, locking allies into place (Callon, 1986a). 
(We have represented these relationships here linearly but we encourage the reader 
to think of them in nonlinear, uncertain, spatiotemporal flux. As well, we have 
depicted the various relational bonds using “---” and “===” to simply differentiate 
the kind of bonds, not to depict strength, but again the fragility and obduracy of 
these bonds are never static and always in dynamic contention with other fluctuating 
actors.) The Wiki as the interesting actor “impose[s] the identities and roles defined 
in the problematisation on the other actors” (Tatnall & Burgess, 2002, p. 185). It 
accomplishes this in terms of bringing into allied relation the actor worlds of high 
school and elementary school students. Phase 2 of the project involved high school 
students engaging in a second RiNA project, as well as creating resources for ele-
mentary school students to learn to do such a project. In our scenario, the Wiki 
mediates relations between high school and elementary school students, but in a 
way that forges new possible identities; namely, that of the mentor-mentee relation-
ship between high school and elementary school students respectively. Thus, we can 
think of the Wiki as the actor that interests, or attracts, the elementary school actor- 
world by coming between it and the high school actor-world and in the process 
semiotically translating the roles of actors within these worlds.

Again, the third moment of sociological translation is enrolment, or the coordi-
nation of imposed roles that are ‘yielded-to,’ which was made possible through 
structures of relationality established during problematization and interessement, 
ultimately strengthening network relations (Tatnall & Burgess, 2002). Interviews 
reveal that elementary students, having no prior experience doing activist science 
projects, eagerly learned from high school students via the use of technology and, 
in general, deferred to the expertise and teachings of high school students. Thus, we 
can say that elementary school students are enrolled into the network through the 
OPP of the Wiki as such (Elementary----the Wiki===High school) establishing 
social relations, positions, and capacities for action.
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12.10  Agency, Multiplicity and Ambivalence

Final interviews exploring high school students’ perceived social roles in their 
schools and communities continue to be ambivalent and contradictory. Even though 
students did not articulate a shift in one’s social position from that of a student to an 
activist, numerous participants expressed a sense of agency, or ability to act in 
meaningful and purposeful ways to affect their world and the society in which they 
live. Our urge is to discuss agency as an outcome developed and as a measure of 
empowered students; however, to do this would be a breach of our theoretical com-
mitments. ANT is not particularly interested in the structure/agency debate and 
tends to bypass this binary (Latour, 1999). Rather, we consider agency in loose 
terms; not as an esoteric element of the social in binaristic tension to structure, but 
as an effect of social entanglements and commitments related to one’s intersubjec-
tive positioning, existing within multiple, narrow, experiential potentialities or, as 
Latour (1999) puts it, “total localities (agencies)” (p. 19). The intimacy of these 
myopias that one is connected to and reflexively constitutes, yields a space in which 
the effects of one’s actions, be it intentional or not, affect one’s immediate relations, 
leaving the mark of freedom and independence of one’s actions.

As mentioned, the Wiki enabled communication between high school and ele-
mentary school students, as an interesting entity, an essential position that defined 
the roles of other actors. Specifically, human actors on either side of the chasm were 
brought into being either as mentors (high school students) or as mentees (elemen-
tary students). When asked about why they continued to mentor younger students 
past the end of the course, high school students commented on their commitment to 
younger students as, “the next generation,” and feeling responsible to them, since 
the wellbeing of others was caught up in the web of relations of STSE issues, in 
which they themselves were consciously entangled. In this particular social order-
ing, one high school student, connected to others via STSE issues and through the 
Wiki, began to see the world in multiplicitous ways, and used a mountain metaphor 
to describe this:

When you look at a mountain you’re just looking at the mountain from that one side and 
you just see a bunch of rock, we don’t think about the different sides we could see it from. 
We could see it from a bird’s eye view, we could go under the crust and see how the moun-
tain is formed and that’s the thing, and since I have been looking at things from different 
perspectives it’s definitely changed the way I grasp things in my head and the ways I make 
decisions now.

Interestingly, the same student when asked about how she/he sees oneself in society 
after engaging in activist science projects notes:

In society, I am still playing the same role that I did before…I have learned more about the 
issues going on, but compared to society I feel that I am still standing in the same place that 
I did before, although in my heart I know that I have tried to make a change…

This student’s mountain metaphor can be understood through the contradictions of 
Latour’s (2005) notion of panoramas. Latour uses the metaphor of a panorama to 
address the micro/macro separation, noting that the panorama is unlike the 
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oligoptica, in that it can “…see everything. But they also see nothing since they 
simply show an image painted (or projected) on the tiny wall of a room fully closed 
to the outside” (Latour, 2005, p. 187). The resulting coherent assemblage of projec-
tions gives a sense of the whole, but is not the whole; rather, is a mosaic effect that 
constructs an impression of the whole. Similarly, our participant notes being able to 
see the whole, but in local, multivariate, ways that stand on their own; but, at the 
same time, constitute the whole, which has an impact on the way that he/she makes 
decisions.

Despite being locked into a position of obligation, or responsibility, this student 
make clear the uncertainty of one’s role in the world, even within the many land-
scapes of the social; thereby, exemplifying the circularity of the social. This circu-
larity, or state of constant motion within particular structures, relativizes one’s 
position; thus, changing our network commitments while concomitantly establish-
ing them. This double move of localizing and totalizing, enables the capacity to act, 
which either maintain or undo the relations of which we are part, in turn affecting 
said capacities.

12.11  Conclusions: A Final Betrayal

The fragility and obduracy of networks is related to the establishment of problems 
to which solutions can be conceived and to which actors can be made indispensable 
in relation. Within these snares, STSE issues ought to be chosen with care and pas-
sion, such that one’s sense of self is entangled with solutions proposed. There is, of 
course, more to choosing than mere choice. STSE issues are pervasive and encom-
passing. These problems are overwhelmingly too out there, too large, and discon-
nected from the practitioner, begging the question, ‘Is change even possible?’ In 
working towards change, perceived failure is not a source of individual weakness, 
but a congealment of a disparate array of ambivalences into a focused pattern of 
resistances (Singleton & Michael, 1993, p. 259). Thus, effects of agency being felt 
and internalized become diminished, weakening bonds of necessity that define roles 
and subjectivities of actors and, ultimately, destabilize networks of resistance 
against neoliberal ideologies.

And, so, the question, ‘Can the global be localized?’ comes into focus. The scope 
of STSE issues ought to be considered and reconsidered, reflecting along the way, 
asking ‘Where does the global meet the local?’ in hopes of connecting lives, activi-
ties, and every day experiences of practitioners to pressing issues of our time. But is 
this localization? Any entity is a network in a network, relationally situated from 
without and is overwhelmed by uncertainty, not necessarily because of the inade-
quacy of signifiers to signify but, rather, because of vicissitudes of circumstances. 
Hence, the actor and its location is never fixed and always in the ebb and flow of the 
circular tides that little orders of the social stir up, and which the congealment of 
like uncertainties concertedly overflow. Maybe now one can act but, again, agencies 
are not without their certainties, leaving us fettered, in tension, and endlessly bound.
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Our contemporary entanglements are mediated by the technical, without which 
said networks simply fail, or never come into being. Thus, careful consideration is 
recommended in terms of how said mediations are implemented. Technical actors, 
like the Wiki, can be walls upon which localities are scattered to yield panoramas of 
an ungraspable totality, or the cavern into which scenes of the everyday can simply 
slip away. But even the oligopticon is imprecise, or as Bruno Latour (2005) reminds, 
is easily blinded by the “tiniest bug” (p. 181). As such, students can easily perceive 
reifications in digital mediums as faithful representations of reality, as truth, when, 
in fact, an ontological loss has occurred in the translation of representation leading 
to a moment of ethical questioning through the ontologies of, ‘What is lost?,’ ‘Who/
what might be brought into being through these mediations?,’ ‘What is my role in 
and through these mediations?’ This moment positions STEPWISE as an actor that 
structures capacities for ethical engagement through praxis. Thus, in the process of 
getting tied up in STSE issues, as well as locked into pedagogical relation, we have 
moved into capacities of action, into total localities of relation, and then in the fol-
lowing moment, into another, and another, and so on, infinitely, yielding a panorama 
of myopias, which, if looked at with squinted eyes, might just blur into focus shad-
ows of the futures that we hope to create, futures of resistance in the form of reflec-
tive social action, or praxis.
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Chapter 13
Students’ Socioscientific Actions: Using 
and Gaining ‘Street Smarts’

Christina Phillips-MacNeil, Mirjan Krstovic, and Larry Bencze 

13.1  Introduction

Our world is facing many serious problems, such as socio-economic disparity, con-
flict and violence and environmental destruction. Climate change is one of the most 
pressing issues of our time. Our societies continue to ‘borrow’ from futures of our 
children and grandchildren as we deplete precious environmental resources—
including clean air, water and carbon sinks, such as forests and oceans—with little 
payback. While fields of science and technology have offered societies many bene-
fits, ‘progress’ appears in some cases to be devoid of forethought and, consequently, 
seem to be at least partly implicated in many of the above-mentioned problems. As 
Edward O. Wilson (1998) stated, “We are drowning in information, while starving 
for wisdom” (as cited in Peter & Wals, 2013, p. 300).

To deal with problems like those noted above, some school science systems have, 
for some 40 years, been promoting ‘STS[E]’ education—which involves helping 
students to understand and perhaps attend to problematic relationships among fields 
of science and technology and societies and environments (Pedretti & Nazir, 2011). 
A related movement, known as socioscientific issues (SSIs) education, encourages 
students to negotiate a range of controversial data sources and claims about them 
relating to science and technology (Sadler & Zeidler, 2005). Such curricular com-
ponents promote exploration of issues and topics from a number of subject areas not 
traditionally associated with science, such as “social, technological, cultural, ethi-
cal, and political contexts” (Pedretti & Nazir, 2011, p. 602). Moreover, as Catherine 
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Barrue and Virginie Albe (2013) say, they may allow young people to “see them-
selves as full citizens and not as citizens-in-the-making” (p. 1094).

For at least the last decade, perhaps in light of the seriousness of the many prob-
lems mentioned above, there have been numerous calls encouraging school science 
systems to help students/citizens to not only become aware of issues and problems 
but, as well, to take informed and responsible actions to try to rectify them (Hodson, 
2011). Among approaches to implement such a mandate have been those based on 
the ‘STEPWISE’ curriculum and pedagogical framework (refer below). Since its 
inception in 2006, several teachers, student-teachers and youth educators have been 
using variations of this framework to encourage young people to critically evaluate 
products of science and technology and, where problems are perceived, to take 
research-informed and negotiated actions to address them. This framework has had 
some successes in this regard, partly, it seems, due to recent listing of STSE educa-
tion as the first of three (rather than the third in that list in curricula from a decade 
earlier) curriculum goals in the province of Ontario (MoE, 2008), the context for 
development and implementation of STEPWISE.

In this chapter, we explore general factors that may affect the nature and extent 
of students’ research-informed actions on STSE/socioscientific issues. Our findings 
suggest—among several outcomes—that such projects may encourage students to 
draw on and perhaps enhance their ‘street smarts,’ along with more traditional ‘book 
smarts.’

13.2  STSE and SSI Education

Socioscientific issues education, which may be considered a sub-set of arguably 
more neutral STSE education (Zeidler, Sadler, Simmons, & Howes, 2005), appear 
to have dominated global research, curricula and practice in terms of relating sci-
ence to other disciplines (Levinson, 2013). Frequently in such approaches, students 
are presented with conflicting data and claims pertaining, for instance, to merits of 
various products (e.g., evolutionary theory or nuclear vs. wind power) of science 
and technology and, often in small groups, and encouraged to develop reasoned 
arguments in defence of their personal positions of such issues (Sadler & Zeidler, 
2005). There are, undoubtedly, various ways to analyze and evaluate such 
argumentation- based personal-choice approaches. An apparently helpful frame-
work in this regard, however, has been developed by Ralph Levinson (2010), who—
as indicated in Table 13.1—suggests that, while citizenship education can involve at 
least four levels of sophistication, argumentation-based approaches tend to be lim-
ited to deficit and deliberative experiences, both of which he suggests often place 
significant, if not all, influence in the hands of authorities (e.g., politicians and sci-
entists). Such emphases on logical decision-making surrounding socioscientific 
issues seem appropriate in representative democracies (Wood, 1998), in which citi-
zens mainly are asked to elect leaders every few years and, otherwise, be able to 
make personal decisions on matters pertaining to science and technology. Indeed, 
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studies suggest that students gain a range of personal benefits from them, including 
abilities to use logic in practical situations (Sadler & Zeidler, 2005).

Argumentation-based decision-making surrounding socioscientific issues may, 
despite apparent personal benefits, be somewhat problematic, in the sense that stu-
dents might lack skills to think critically about information presented by ‘experts’—
which seems essential in light, for example, of adverse effects of private sector 
funding of science and technology (Mirowski, 2011) and, associated with that, pri-
vate sector creation of doubt and controversy surrounding negative science findings 
about commercial products and services (Oreskes & Conway, 2010). Consequently, 
it seems clear that, in addition to developing understandings of complex STSE rela-
tionships and being able to make well-reasoned personal decisions about controver-
sies in them, students/citizens need to be prepared to critique socioscientific data 
and claims and, where they perceive problems, be ready and willing to take personal 
and social actions to address them. In Levinson’s (2010) schema for citizenship in 
this regard (refer to Table  13.1), in other words, students should be prepared to 
engage in praxis (reflective practice) and dissent and conflict (critique and actions). 
These kinds of approaches may be aligned with more participatory forms of democ-
racy (Wood, 1998). In support of this kind of recommendation, Derek Hodson 
(2003) suggests that science education need to include all four levels of his schema 
for socioscientific issues education, as given below:

 1. Appreciating the societal impact of scientific and technological change and rec-
ognizing that science and technology are, to some extent, culturally 
determined.

 2. Recognizing that decisions about scientific and technological development are 
taken in pursuit of particular interests and that benefits accruing to some may be 
at the expense of others. Recognizing that scientific and technological develop-
ment is inextricably linked with the distribution of wealth and power.

 3. Developing one’s own views and establishing one’s own underlying 
valuepositions.

 4. Preparing for and taking action. (p. 655)

There appear to be several reasons for including more ‘activist’ goals (such as in 
#4, above) in science education. As with the first three levels of involvement above, 
students’ actions on socioscientific issues can lead to improvements in their knowl-
edge, skills and attitudes about them; but, as well, it seems clear that the seriousness 
of many potential and realized problems (e.g., climate change) warrant more imme-
diate actions. Nevertheless, although such approaches may be beneficial, it appears 
very unlikely that students will engage in actions associated with their selected SSI 
or STSE topic (Lester, Ma, Lee, & Lambert 2006). Larry Bencze and Erin Sperling 
(2012) remark that much of science education tends to focus on Hodson’s first three 
outcomes above, as opposed to student engagement in actions. Consequently, it is 
apparent that new perspectives and practices are needed to help educators prepare 
more citizens for more critical and activist democratic participation.

13 Students’ Socioscientific Actions: Using and Gaining ‘Street Smarts’
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13.3  STEPWISE

In 2006, to help citizens to take on more participatory roles on matters pertaining to 
science and technology, the ‘STEPWISE’ (Science & Technology Education 
Promoting Wellbeing for Individuals, Societies & Environments) curriculum and 
pedagogical framework was developed. It is a framework that organizes teaching 
and learning in science and/or technology education in ways encouraging and 
enabling students to use at least some of their literacy (especially through science 
education) to try to bring about a better world. Broadly, this framework provides 
students with constructivism-informed ‘apprenticeship’ lessons and activities aimed 
at helping them to develop expertise, confidence and motivation for eventually self- 
directing research-informed and negotiated action (RiNA) projects to address prob-
lems they perceive in relationships among fields of science and technology and 
societies and environments (STSE). Refer to Chap. 2 in this volume for a fuller 
description of the STEPWISE framework and educational approaches. Mirjan 
Krstovic’s (2014) chapter in an earlier book about activism in science education 
also provides some relevant practical and theoretical suggestions for implementa-
tion of STEPWISE.

Since its inception about a decade ago, several teachers, student-teachers and 
youth educators (in informal learning contexts) have developed and implemented 
various teaching/learning strategies drawing from the STEPWISE framework and 
relevant principles (e.g., apprenticeships, self-directedness, authenticity and altru-
ism). Although many teachers avoid use of this framework, perhaps because of ten-
dencies of school science systems to prioritize teaching/learning of products (e.g., 
laws, theories and inventions) of science and technology, the framework has been 
attractive to some teachers and students (Hodson, 2011). There are, perhaps, numer-
ous and varying reasons for teachers to work with STEPWISE perspectives and 
practices. On a more philosophical level, people seem to crave participation in ini-
tiatives where they feel that that one’s actions matter. RiNA projects may help to 
fulfill some of these objectives for both teachers and students as they are making a 
difference regarding their selected SSI. RiNA projects may, in that vein, be con-
nected to Jürgen Habermas’ (1996) discussion of the ‘life world.’ In that regard, 
Hyslop-Margison and Thayer (2009) state:

The life world for Habermas consists of those fundamental human experiences and interac-
tions that generate a sense of inner peace or individual wellbeing, and provide the necessary 
community space, such as liberal learning institutions, for democratic discussion. (p. 7)

The enactment of a science curriculum that fuses STSE/SSI objectives and activism 
(i.e., RiNA projects), such as the STEPWISE approach, may help to build Habermas’ 
‘life world’ in our classrooms where wellbeing for everyone is enhanced as we par-
ticipate in more democratic discussion and provide necessary autonomy for our 
students to engage in their projects and subsequent actions.

Something Was Missing… Both feeling that, despite having been successful 
teachers of science for several years, something was missing from their teaching 

C. Phillips-MacNeil et al.

http://dx.doi.org/10.1007/978-3-319-55505-8_2


301

practice, ‘Amanda’ and Mirjan (second author here) agreed to work with Larry 
(third author here)—serving as a ‘researcher/facilitator’—to develop and imple-
ment teaching/learning strategies based on the STEPWISE framework. Although 
their educational backgrounds and work situations were somewhat different, they 
both felt that this framework might fill in some gaps in their respective professional 
and pedagogical practices. Amanda had just returned to teaching from a 2-year 
leave of absence to complete a master’s degree and understood, from both an aca-
demic and practical perspective, social and political complexities that are associated 
with science and wanted to more authentically approach research and STSE in her 
teaching practice. Some of her previous practices had emphasized knowledge-based 
curricular outcomes of science through more teacher-directed approaches that often 
are not connected with the outside world. She was dissatisfied with her approaches, 
especially given the serious nature of the environmental issues that she had spent the 
last 2 years investigating and acting to protect. She wanted her students to under-
stand complexities of issues pertaining to science and technology and to realize that 
they can take action on issues that concern them. It seemed to her that the STEPWISE 
approach fused these objectives in a practical and meaningful way, and she was 
enthusiastic about incorporating this framework in her science classroom.

Mirjan’s introduction to STEPWISE was quite different than that of Amanda. He 
learned about it toward the end of a graduate course in history, philosophy and soci-
ology of science for which Larry was the instructor. He had been thinking critically 
and profoundly about his role as a science educator and purposes of science educa-
tion. Mirjan reflected on his pedagogical practices and felt that he had rarely 
addressed SSIs or asked students to propose any practical courses of action, let 
alone take socio-political action and felt that something profound was missing from 
his teaching. He did not feel that there were any contextualized or lasting connec-
tions made to the outside world even after engaging in many creative teaching strat-
egies with his classes.

STEPWISE Implementation After discussions with Larry about characteristics 
of the STEPWISE framework and common relevant teaching/learning strategies, 
Amanda and Mirjan proceeded to develop lessons and activities that they could use 
in their respective science teaching contexts. Both were teachers in public second-
ary schools in the Greater Toronto Area, with student populations representing 
diverse ethno-cultural and gender compositions typical of the region. Amanda chose 
to implement STEPWISE in a ‘college-level’ (mostly preparing students for 
entrance into community non-degree granting colleges or directly into the job 
world) chemistry class while Mirjan did so with a class of tenth-grade students in a 
course (Feb. – May 2012) meant for future university students. Broadly, both teach-
ers implemented lessons and activities based on the 3-phase STEPWISE appren-
ticeship schema, shown in Fig.  13.1, involving 1–2 cycles of these phases: (i) 
students reflect on and express (e.g., write, draw, state) existing attitudes, skills and 
knowledge (‘ASK’) about STSE relationships, research and actions; (ii) the teacher 
teaches students examples of RiNA projects that others have conducted to address 
problematic STSE relationships (e.g., an anti-smoking video); and, (iii) students are 
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asked to co-design and conduct RiNA projects to address problems they perceive in 
STSE relationships (e.g., posters to advise schoolmates of climate change problems 
linked to excessive hot water shower use), with teacher support upon student request. 
As each course proceeded, the teachers ceded to students more and more control of 
decisions for most aspects of projects. Details regarding each teacher’s approaches 
are elaborated below in the context of descriptions of student results.

Data-Collection and Analyses Methods As teachers developed and implemented 
activities, sometimes in consultation with Larry, qualitative ethnographic data- 
collection approaches were used, attempting to balance naturalistic and rationalist 
research perspectives (Guba & Lincoln, 2011). Amanda and Mirjan were inter-
viewed (for about 90 min each) before, during and after their courses had ended. 
Semi-structured interview questions focused on their views about the nature of sci-
ence and teaching/learning approaches and outcomes based on STEPWISE. Students 
in Mirjan’s classes (only) were interviewed (in small groups, for about 30 min each) 
during and after their RiNA projects. Larry asked Mirjan’s students questions about 
purposes, methods, findings and significance of their RiNA projects, with special 
focus on results of their primary and secondary research, along with the nature of 
and rationale for their action choices.

Fig. 13.1 STEPWISE pedagogical framework
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Many types of documents were collected to construct a case for each teacher, 
including: copies of teachers’ lesson plans, instructional slideshows, student hand-
outs and samples of students’ work (e.g., secondary research, study graphs, and 
action posters, etc.) relating to their RiNA projects. For data analyses, each of us 
independently and repeatedly examined and reflected on the data for relevant cate-
gories and then developed various themes using constant comparative methods 
based on constructivist grounded theory (Charmaz, 2014). Categories and themes 
were then negotiated between us until we were in agreement with our findings.

13.4  Students’ Expertise, Confidence and Motivation 
for RiNA Projects

Preamble Although there appeared to be clear variations across the two very dif-
ferent school science contexts (e.g., tenth-grade university-qualifying science vs. 
college-qualifying chemistry in two different schools) involved in this study, both 
teachers concluded that many students—including many who do not normally ‘suc-
ceed’ in school science—were highly engaged in their RiNA projects to address 
problems they perceived in STSE relationships. In support of these claims, we pro-
vide, below, brief descriptions of the three major aspects (power-related STSE rela-
tionships, student-led primary research and social actions) of RiNA projects 
developed and implemented in both classes.

Some RiNA Projects from Amanda’s Class After Amanda had worked with stu-
dents to have them consider possible problems linked to chemicals in a range of 
common consumer products, such as cosmetics, plastic containers (e.g., for bottled 
water) and personal hygiene products, taught them about characteristics and prac-
tices involved in primary research (e.g., correlational studies vs. experiments) and 
actions (educational pamphlets) people take to address socioscientific issues, she 
escorted her class of students outside near a local body of water (pond) to conduct 
various studies of water content after first obtaining parental/guardian and adminis-
trative permissions. She supplied students with a water testing kit, which enabled 
them to monitor acidity and content of a range of ions (e.g., phosphates) in the 
water, along with other measuring devices, such as meter sticks and water volume 
containers. While such resources amounted to provision of some guidance, students 
then were advised by Amanda to self-determine independent variables to sample—
such as distance from the roadway (which typically contains salt used to melt ice) 
and distance from groupings of geese (which tend to leave large amounts of fecal 
material in and around the water). Such levels of choice were new to many of her 
students, who typically are asked to carefully follow teacher inquiry procedures. 
About such sudden freedom, Amanda noted the following in her journal:

[S]ome students appeared to be a bit nervous about this: they looked quite surprised-other 
students looked happy—to me it is the ultimate in treating them as adults, as many of them 
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are adults in my class, why not morph into this role where they seek the information and I 
am present to guide them?

While students seemed initially apprehensive about such relative freedom of choice, 
students in this course seemed to thrive in this environment—enthusiastically and 
carefully completing their studies, something Amanda had not seen to the same 
extent with these students when conducting teacher guided inquiries. At the same 
time, perhaps because it was the first time they had self-directed some aspects of 
inquiries, Amanda mentioned that several of these students indicated that they were 
somewhat skeptical of their findings and, consequently, felt that any actions they 
might take needed to be informed by better research.

Some RiNA Projects from Mirjan’s Class In what was his second semester of 
implementing the STEPWISE pedagogical framework (Fig. 13.1), Mirjan indicated 
that students in his class seemed to develop considerable expertise, confidence and 
motivation regarding such projects. As recommended by the framework, students 
developed and implemented two RiNA projects with support, as they requested, 
from Mirjan, prior to conducting a self-directed project. It is difficult to summarize 
the major projects completed by students, but there were a few notable outcomes 
indicating ‘considerable’ student achievements. In the first unit of the course, one 
dealing with climate change, socioscientific issues investigated and acted upon 
seemed quite varied and novel. One group, for instance, investigated variations in 
fellow students’ diets, particularly comparing the extent of vegetarianism (vs. meat- 
eating) as affected by gender. Finding that boys tended to eat more meat than girls 
and that much of this may be shipped to them over long distances, they developed 
posters and a pamphlet to educate fellow students about relationships among diet, 
transportation and climate change. Another group, meanwhile, investigated the 
extent and nature of peers’ uses of electronic devices, such as cell phones, tablets 
and computers—attempting to get a sense of youth electricity uses as possible con-
tributions to climate change. In terms of actions, they developed a page on 
Facebook™ to inform ‘friends’ of such contributions—including a suggestion that 
girls may use more electricity this way—and they developed artistic designs on 
‘T-shirts,’ urging peers to reduce their electricity use. Yet another group, investigat-
ing relationships between petroleum-based transportation and climate change, 
developed a creative video (goo.gl/o5FC38)—featuring techniques used by ‘RSA 
Animate’ (goo.gl/dcluRR)—they posted to YouTube™, advising viewers to con-
sider more sustainable transportation forms.

In the second unit, students’ projects—as one might expect—deepened. Many of 
their topics in studies relating to light and optics seemed novel. One group, for 
instance, investigated the extent and nature of uses of surveillance technologies 
(e.g., hidden cameras) to contribute—in light of the panopticon concept (a prison 
design, requiring few guards who, by their periodic and random appearance, per-
suade inmates to self-regulate their behaviour)—produced a large poster they dis-
played in a main school hallway to educate people about relative merits of 
surveillance. A group member’s comment about this controversy appears to indicate 
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students had more networked conceptions of science and technology, seeing the 
seen and unseen about them:

It is a controversial issue. Some people would agree with you that it is a problem [that we 
have such surveillance. They might ask,] ‘Why do we need cameras watching our every 
movement? It is my right not to be seen by the government.’ But, other people have safety 
concerns[, thus approving of surveillance]” One girl offered that the increased level of 
violence in movies has caused society to “be paranoid[, thus accepting surveillance].

Indeed, much focus was placed by students in this class during the optics unit on a 
broader conception of ‘optics’; that is, one based on semiotic/symbolic conceptions. 
One student group, for instance, explored advertizers’ adjustments to photographs 
using image-editing software that may lead viewers (often youth) to conjure up 
idealized and/or stereotypical conceptions of ‘beauty,’ ‘success,’ ‘normal,’ etc.

Another group had a similar idea, but their approach was to explore peers’ roles 
of semiotics in attracting consumers to the products/services while perhaps distract-
ing them from problematic elements. Their research tack was to show students in 
the hallways of their school pictures of advertisements (minus the product [a shower 
gel] name) and then ask the students what product is being advertised and what the 
advert. is conveying. The advertisement that this student group opted to show other 
students depicted a young woman wearing a flesh-toned bikini and covered in dirt. 
On her lower abdomen the phrase, “Wash Me” appeared to be hand-written in the 
dirt covering her body. A student in the group suggested that their conclusion, par-
ticularly about this image, is that: “[s]o, you are buying this [sexuality] over this [the 
product]” (June 19, 2012). These research discussions, which were video-recorded 
by students in the group, became their actions—as they eventually revealed to fel-
low students the targeted product in each advertisement and engaged peers in dis-
cussions about merits of such tactics inclusive of the overt sexism toward women 
that was present in these depictions.

Although Mirjan was, generally, satisfied with the quality of student projects 
during the ‘apprenticeship’ phases reflected above, he indicated even more satisfac-
tion with those students ‘self-directed’ (admittedly partially limited by assessment/
evaluation criteria) in the last unit of the course. A particularly salient feature of 
students’ final projects in this course was their more community-based nature—
both studying and acting on those beyond peers and the school. A group investigat-
ing the nature and uses of ‘energy drinks’ (e.g., Red Bull™, Monster™, etc.) visited 
several local commercial outlets (e.g., WalMart™) and asked clerks if they would 
talk on video camera about energy drinks. The clerks refused. One of the students 
said, “They said ‘no’ because, they don’t know what they are selling, they don’t 
know anything about energy drinks, they don’t know how it effects the body.” After 
also surveying fellow students’ uses and knowledge about energy drinks, these stu-
dents then chose to create a petition, including many peers’ signatures, and letter to 
advocate for healthier drinks. A group member explained rationale behind their 
actions:

We chose to send the letters to big companies and Health Care Canada because we believe 
that it is important for adolescents like us to support a good cause and to help our peers 
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understand the seriousness of this issue. We believed that if we sent our letters and petitions 
to Monster Inc. and Rockstar Inc then they would understand our perspective and respect 
the fact that their dedicated consumers are harming themselves, and should cut down their 
production [of energy drinks].

A group of four girls, meanwhile, chose to explore the merits of ultrasound tech-
nologies—including for such diverse uses as fetal monitoring and submarine scan-
ning. After secondary research to learn more about it, finding that there appear to be 
several often-unreported negative side-effects, they conducted a survey of 50 boys 
and 50 girls in their school, results of which are given in Fig. 13.2—a pamphlet in 
which they summarized their research findings. To extend influence of their find-
ings, however, they also chose to send the pamphlet—along with four letters, one 
written by each student—to a maternal health website that they felt was not ade-
quately informing women of possible negative side-effects of ultrasound scans. 
Moreover, they chose to visit shops for maternity clothing and baby accessories, 
pass out their brochures and talk to women. Such direct actions seemed to reinforce 
these students’ research and actions. In their final report, they stated: “This one lady 
wasn’t totally sure if she wanted to do [have] an ultrasound [examination] but, when 
we gave the brochure to her, she said she would think about not doing it” (June 19, 
2012).

13.5  Factors Affecting Outcomes

Preamble

The way kids learn to make good decisions is by making decisions, not by following directions
(Alfie Kohn, 2005, p. 169).

The cross-case analysis reported here suggests that progressively ceding learning 
control to students in the context of research-informed and negotiated actions to 
address socioscientific issues of their concern/interest deepens their learning and 
commitments to it. This can be explained, apparently, in terms of students’ access to 
control of various decisions. However, as our work progressed in this area, it became 
apparent that a related factor contributing to student understanding and commit-
ments was their uses (and, perhaps, increases in) ‘street smarts’ (vs. ‘book smarts’). 
The two, not necessarily mutually-exclusive, broad factors are discussed below. We 
base our findings on, in part, our personal practical knowledge (Clandinin & 
Connelly, 1992). This is acknowledgment that teachers have unique knowledge of 
students because of their close proximity to teaching and learning situations and 
because their personal evaluations of student achievement may have validity that 
others cannot replicate.

Epistemic Agency It seems clear from others’ scholarship that the more control 
students have over decision-making in their learning, not forgetting that significant 
teacher control also can help alleviate differences in students’ cultural capital 
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(Bencze & Alsop, 2009), the deeper their learning and the greater they may become 
attached (e.g., emotionally) to it. Damsa, Kirschner, Andriessen, Erkens and Sins 
(2010) refer to such learning control and attachments as epistemic agency, suggest-
ing, in essence, that it has two dimensions; that is, a knowledge-related dimension 
(i.e., creating awareness, alleviating lack of knowledge, creating shared 
 understanding, generative collaborative actions); and a process-related dimension 
(i.e., projective [e.g., creating joint plans]; regulative [e.g., reflecting on actions]; 
and, relational [e.g., negotiating social conflict]) (p. 175). This seems comparable to 
knowledge duality theory—which suggests that depth and commitments to learning 
increase as learners have more control over reciprocal translations in Phenomena ← 
→ Representation(s) relationships (Wenger, 1998). Such conceptions seem, in turn, 
to align with translations in RiNA projects; that is, while acknowledging their recip-
rocal nature, ‘research’ involving Phenomena (e.g., cell phone uses) → 
Representation(s) (e.g., graph of student cell phone uses) translations, while ‘nego-
tiated actions’ involving Representation(s) (e.g., wise energy use T-shirts) → 
Phenomena (e.g., less cell phone energy uses) translations. From Larry’s interviews 
with students in Mirjan’s class, there is ample evidence to support our claims about 
student engagement in both kinds of translations. In a small-group interview towards 
the end of their semester, students made statements like the following about both 
kinds of translations: “…we do something to change the world, whether it is some-
thing big or small,” “What we learn, we actually use it ourselves,” “Most people got 
affected by what they did and wanted to help other people understand” and “Before 
I learned about it, I didn’t really care about it…” (May 3, 2012).

As discussed above, student learning control of research and action translations 
appeared to help them deepen their understanding of and commitments to their 
learning in science education. Students often, for instance, used emotionally- 
charged terms in discussing their work—such as: “For my group, we did [research 
on] privacy and that [decision] was based on how people felt about being watched 
or, like, video-taped. It wasn’t so much logical as emotional” (May 24, 2012) and 
“…we’re having fun while we were doing studying” (June 20, 2012). Such emo-
tional investment in their SSIs projects may be an important part of engagement 
with activism initiatives. Stephen J.  Gould seems to concur when he eloquently 
states that, “[w]e cannot win this battle to save species and environments without 
forging an emotional bond between ourselves and nature as well—for we will not 
fight to save what we do not love” (cited in Orr, 2004, p. 43). Associated with such 
attachments are, as argued above, various learning outcomes in the subject of 
inquiry and action. Robert Sternberg and Elena Grigorenko (2004), “[w]hen stu-
dents think to learn, they also learn to think” (p. 275). At various times throughout 
Mirjan’s work with students, they made comments congruent with this claim, such 
as: “We have more skills. We are learning to be more interactive [with ideas, etc.] 
with our projects.” (Nov. 16, 2011) and “…it helps us to understand what we are 
learning, ‘cause then you are doing something instead of just sitting down, instead 
of just doing something for the sake of passing the course” (May 3, 2012).

Given our emphases on authority concessions to students regarding research and 
negotiated actions relating to socioscientific issues, it follows that some of this deep 
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learning would align with Levinson’s (2010) conceptions of more active citizen-
ship; that is, as summarized in Table 13.1, in terms of promotion of ‘praxis’ (reflec-
tive practice, such as in terms of student-led research) and ‘dissent and conflict’ 
(e.g., critical views of STSE relationships and socio-political actions, respectively). 
Indeed, in an email message to us, Mirjan wrote that a student who had been in his 
tenth-grade science class and conducted RiNA projects had been recognized as a 
‘youth community leader’ by their school’s guidance department—a sign, he felt, of 
enduring effects of student control over research and negotiated actions on sociosci-
entific issues of interest to them.

Ontological Relevance Associated with control over research and negotiated 
action, as we claim above, appeared to be increased uses of local and personal con-
texts for both of these. We suggest this may be referred to as ontological relevance; 
that is, uses of conceptions of being that are more relevant to students’ personal 
experiences. Awareness of this phenomenon arise naturalistically in this research. In 
the course of an interview with Amanda while she was working with students in her 
chemistry class, she mentioned that the projects seemed to appeal to these students’ 
‘street smarts.’ Larry appreciated this comment, but it wasn’t until an interview with 
students in Mirjan’s tenth grade science class that its significance became more 
apparent. While discussing motivation for their groups’ projects, a student said:

This is a hip way of saying it, but the way other teachers teach us, just through a textbook, 
that is called being ‘book smart,’ because you are just learning everything from the text-
book. Basically, what happens to me is that when I learn stuff from a textbook I won’t 
always remember it; but, the way Mr. K. teaches us, it is called ‘Street Smart’ (Nov. 16, 
2011).

Immediately, Larry recalled that Amanda had mentioned roughly the same thing 
about the relative role of ‘street smarts,’ as opposed to ‘book smarts,’ in her stu-
dents’ engagement in RiNA projects. Broadly, from our subsequent review of rele-
vant literature, although there appear to be some disagreements on their meanings, 
it seems that ‘street smarts’ often refers to more local and personal contextualized 
knowledge, while ‘book smarts’ is more about abstract, de-contextualized, knowl-
edge claims developed by historical communities of practitioners in various special-
ized fields (e.g., Hatt, 2007). These constructs should not, however, be considered 
‘binary’ in nature, assuming that people either use one or the other. To make this 
point, Gerald Graff (2001), for instance, discusses the case of Marilyn Monroe’s 
divorce from famous baseball player, Joe DiMaggio, someone perhaps considered 
strong in ‘street smarts,’ and marriage in 1956 to the playwright, Arthur Miller, 
someone thought to be strong in ‘book smarts,’ there was some general public dis-
enchantment with her choice—apparently largely due to prevalence of anti- 
intellectualism of the day. Miller had actually come from a poor family that, for 
instance, lost their small business during the Great Depression and, so, may have 
had some ‘street smarts’ (“Arthur Miller Biography,” 2014) and Monroe, with very 
little formal education, had an extensive and varied library and perhaps had consid-
erable ‘book smarts’ (Keogh, 2010, p.  143). Nevertheless, there is the view that 
‘street smarts’ is a set of practical capabilities associated with informal education, 
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often obtained in ‘every-day’ (non-formal) situations, often linked to more sponta-
neous problem-solving—as one might experience while conducting ‘mental math’ 
in personal financial transactions in  local markets (Saxe, 1988). Students in our 
study did seem to have such a view of ‘street smarts,’ as evidenced by other com-
ments made by some of them in interviews:

For street smarts, you’re actually experiencing something…experience always stays with 
you…book smarts might go away after you’re done the subject” (April 24, 2012).

[T]his whole idea of taking action at an early age is a good idea and lots of schools should 
participate in this because not only did we learn about the aspects of science that we are 
suppose and that are part of the curriculum in Grade 10, we made a change, so you actually 
feel like you did something while learning…like, the term comes again ‘street smarts,’ 
[emphasis added] not only book smarts (April 24, 2012).

[I]t’s like a real-life lesson to you, right? And you’re actually going to remember it. I 
remember everything we did right (May 3, 2012).

[We participated in] taking the science to another level and really, like applying it and mak-
ing it real” (May 3, 2012).

[W]ell, when you go out and you talk to people, it’s sort of like how you approach them, 
that’s street smarts. If you use all books you might not know how to act so it’s like a com-
bination of both [book smarts and street smarts] (June, 2012).

Students’ suggestions about relationships between RiNA projects and ‘street 
smarts,’ as opposed to ‘book smarts,’ appears to relate to a long-standing tension in 
science education—that is, between proponents of so-called ‘Vision I’ and ‘Vision 
II’ versions of science literacy (Roberts, 2011). The former prioritizes preparation 
of future scientists and engineers (etc.) and emphasizes relatively reductionist foci 
on knowledge and skills prominent in such fields; whereas, the latter places signifi-
cant emphases on students’ roles as citizens and, accordingly, their education is said 
to require more holistic experiences—something, for instance, prioritizing under-
standing and actions regarding relationships among fields of science and technol-
ogy/engineering and societies and environments (STSE). It seems clear that school 
science systems tend to place greater emphasis on the former than the latter, part of 
what Theodore Lewis (1995) called a ‘Platonic Legacy’; that is, high status associ-
ated with abstract, de-contextualized, knowledge that could, in theory, be applied 
across many contexts by ‘Philosopher Kings.’ There appears to be, moreover, 
renewed (if not continuing) emphases on such reductionism with advent of STEM 
(science, technology, engineering & mathematics) education initiatives (Gough, 
2015). A problem with such narrow foci, however, seems to be that most students’ 
backgrounds, interests and abilities do not align with Vision I perspectives and prac-
tices. Victoria Costa (1995, p. 316) claimed, for instance, that many science classes 
are composed of a range of student ‘types,’ varying from Potential Scientists through 
to Outsiders—most of whom either preferred not or whose backgrounds limited 
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their opportunities to pursue careers in the sciences (and engineering, etc.). For 
most students, Costa (1995) claimed, school science was ‘another world’ than their 
everyday worlds. In other words, in terms of the Phenomena ← → Representation(s) 
dialectic described above, it may be that many students (including in both classes 
studied here) may be investigating (Phenomena → Representation(s)) and acting on 
(Representation(s) → Phenomena) more holistic ontological worlds than often is 
prioritized in professional science and requires considerable ‘book smarts.’ 
Sternberg and Grigorenko (2004), for instance, suggest that, when educators teach 
for more contextualized learning or (what they call) “successful intelligence, …it 
enables children to capitalize on their strengths and to correct or to compensate for 
their weaknesses, and it allows children to encode material in a variety of interesting 
ways” (p. 302).

Among benefits for students when teachers provide educational experiences 
drawing on both ‘street smarts’ and ‘book smarts’ appears to be much greater inclu-
sivity—a claim that both teachers supported, in that each noted that students who 
frequently struggled in the past with science education more aligned with ‘book 
smarts’ characteristics appeared to thrive when given opportunities to engage in 
RiNA projects, which draw significantly on ‘street smarts.’ For these students, at 
least, one major repercussion may be increases in so-called ‘fate control’ (Rowe, 
1978); that is, a feeling that, rather than living under assumptions that others con-
trolled their lives, making them dependent on ‘fate,’ they could take more control 
over decisions—here, in terms of research and actions.

Although, as argued above, ceding learning control to students in Phenomena ← 
→ Representation(s) translations (i.e., via RiNA projects) seems to enable students 
to draw on and use ‘street smarts,’ thus increasing overall class engagement, it may 
be that other approaches used by these teachers may also have contributed to such 
outcomes. Amanda, for instance, drawing on her background in research (i.e., 
through her Master’s degree), prioritized outdoor experiences for students in her 
class. About such real-life experiences, Emilia Fägerstam (2014), for instance, 
claimed the following.

Students communicate and participate in the classroom too, but when students engage in 
practical outdoor activities in collaboration with others they learn by doing and participat-
ing in a concrete ‘real-life’ context. This differs from the more abstract classroom situation 
(p. 58).

At the same time, data here suggest that both teachers also attempted to engage 
students with the outside world by bringing citizens’ representations of them to 
students—such as in terms of use of activist videos from The Story of Stuff (storyof-
stuff.org) project, which highlights citizens’ roles in various stages of production, 
consumption and disposal of consumer products and services.
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13.6  Some Concluding Thoughts

Perhaps beyond—or along with—improvements to the wellbeing of individuals, 
societies and environments by working to cede control of decision making (e.g., 
through self-led research) about relationships among fields of science and technol-
ogy and societies and environments (STSE) and socio-scientific issues/controver-
sies within them and, moreover, to encourage and enable students to self-direct 
research-informed and negotiated actions to address relevant perceived problems, 
data from this cross-case analysis suggests that such perhaps more ‘self-less’ acts 
by teachers can significantly increase student/citizen engagement in learning (and 
acting). Traditional science education seems to prioritize selection and education of 
students who are most like practising scientists (Costa, 1995). Acknowledging ten-
sions regarding emphases on Roberts’ (2011) Vision I versus Vision II versions of 
science literacy, while acknowledging students’ rights to prioritize their own onto-
logical priorities (e.g., ‘street smarts’), perhaps our research here requires us to re- 
emphasize Glen Aikenhead’s (2000) advice about honouring students’ life-worlds 
while giving them access to dominant perspectives and practices associated with 
‘book smarts.’ Graff’s (2001) statement below about this appears to be eloquent 
reinforcement of this recommendation:

Bridging this gulf is not a matter of turning “them” into mini-versions of “us,” or of asking 
students to give up their language in favor of our academic discourse. It is a matter of find-
ing points of convergence and translation, moments when student discourse can be trans-
lated into academic discourse and vice versa, producing a kind of “bilingualism” on both 
sides of the student-teacher divide (p. 23).

Given dominance of perspectives and practices in science education aligned with 
Vision I conceptions of science literacy, it seems more educational research may be 
needed to explore and promote students’ ‘street smarts’—drawing, for example, 
from work surrounding the funds of knowledge (González, Moll, & Amanti, 2005); 
that is, knowledge students gain from their family and cultural backgrounds to make 
their classrooms more inclusive.
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Chapter 14
Tensions on Promoting Social Justice Through 
STEPWISE Pedagogies in an International 
Baccalaureate Preparatory Class

Neil T. Ramjewan , Brandon Zoras , and Larry Bencze 

14.1  Introduction

School science education is a contested site of political and ideological struggle. It 
produces knowledge/power that maintains hierarchies entrenched through a recent 
history of colonialism and capitalism. As such, actors possessing appropriate cul-
tural capital, according to Pierre Bourdieu (1986), are capable of investing that capi-
tal for the sake of producing more capital and, thus, accessing greater and greater 
conduits of power in society. ‘STEPWISE’ is, to a great extent, a response to such 
complex relationships. ‘STEPWISE’ is the acronym for Science and Technology 
Education Promoting Wellbeing for Individuals, Societies and Environments. As 
such, it is particularly interested in envisaging how these domains interact and 
reflexively construct each other in ways that reproduce power and maintain hierar-
chies of social relation. More importantly, it is committed to doing or acting on 
these relations to undo or at least resist neoconservative and neoliberal agendas that 
tend to prioritize capital before the wellbeing of people, communities, and environ-
ments. In other words, STEPWISE is an activist sciencepedagogical framework. It 
can be characterized by three main aspects but these should not be thought of lin-
early but, rather, reflexively in the course of taking sociopolitical action. First, 
STEPWISE is interested in making sense of the relations of power surrounding 
Science, Technology, Society, and Environment (STSE) issues, such as those 
regarding global warming, deforestation, and water contamination. However, being 
focused but not limited to school science, it is pragmatically oriented to enabling 
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students to engage locally and immediately in their communities and everyday 
lives. Second, STEPWISE is committed to challenging roles of the learner as that of 
a consumptive subject to one of a productive capacity. As such, STEPWISE is 
rooted in a constructivist learning model that perceives the student as a holder of 
knowledge that is changed and produced as one interacts in social life. Finally, 
STEPWISE is interested in more than just analysis, but rather is committed to actu-
ally doing something about structural and social relationships in the world to affect 
the business as usual approaches to resolve contemporary STSE issues. This sort of 
reflection and action relationship has been described under the banner of praxis, 
which continues to be central to this pedagogical engagement.

The text that follows is organized with a few purposes in mind. First, we consider 
the background literature to frame STEPWISE in larger research contexts of science 
education. Secondly, we consider some theoretical conceptions that were influential 
from the onset of the teacher-student-researcher collaboration which, in turn, 
affected the shape of our teaching, our analytical tools, and the overall narrative that 
we construct here. Thirdly, we offer some practitioner oriented reflections on the 
implementation of STEPWISE, which we hope offer some insight into our pro-
cesses and for future implementations. Finally, we critique STEPWISE and con-
sider the discourses in which it is situated and the forms of capital that it may 
reproduce.

14.2  Background Literature in Science Education

In reviewing research literature, three interconnected themes seem to be of rele-
vance in research on science education that frames STEPWISE and to which 
STEPWISE contributes both theoretically and pragmatically. Thus, in this section, 
we briefly consider scientific literacy, the nature of science (NOS) and humanizing 
science and the scientist through pedagogy.

A perennial goal of science education has been to prepare scientifically literate 
students (Cavagnetto, 2010). In technoscientific knowledge-based economies of 
today’s increasingly globalized world, science literacy is arguably essential for eco-
nomic access (Roberts, 2009) and democratic citizenship (Kolstø, 2008). However, 
the extent of democratic participation is increasingly limited to participation in neo-
liberal modes of relating to each other (i.e., in consumer terms) (Bencze & Carter, 
2011; Giroux, 2008). Within science education scholarship there is a wide range of 
interpretations defining what it means to be scientifically literate but, in general, argu-
ments include, but are not limited to, understanding of science concepts, processes of 
science inquiry (DeBoer, 2000), the nature of science (NOS) (Abd-El- Khalick & 
Lederman, 2000) and socioscientific interactions (Schwartz, Lederman, & Crawford, 
2004) that together help to support scientific literacy (Cavagnetto, 2010).

These aims continue to be relevant in schools, are outlined in the introduction to 
the Ontario science curriculum (the context of this study), and are central to the 
STEPWISE framework. However, we find these aims are insufficient to understand 
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science as more than a mere mode of knowing the world, in terms of concepts and 
interaction, or to imagine science as a dialectical relationship between the human 
subject, or the scientist, and its object of study, something in the world. Leopold 
Klopfer (1969) says that, “…understanding…scientific concepts and inquiry are 
without substance if students are unaware of the impact of science and related tech-
nologies on contemporary society” (p. 88). He draws our attention to the dialectical 
relationships between the epistemological enterprise that is science, and the societ-
ies in which it is situated and practiced. This tension is the space in which STEPWISE 
seeks to be located as a critical pedagogy which, through research informed and 
negotiated action, tries to disrupt, unravel, and possibly sever unjust relations of 
power that deepen varying forms of inequality.

Similar to science literacy, definitions for the NOS are varied and inconsistent. 
Nonetheless, Michael Clough (2006) indicates that the NOS refers to questions 
including, “What science is, how it works, the epistemological and ontological 
foundations of science, how scientists function as a social group and how society 
itself both influences and reacts to scientific endeavor” (p. 463). Despite this expan-
sive definition of what science is, Hsingchi Wang and David Marsh (2002) indicate 
that school science education is commonly focused on established scientific facts 
and existing knowledge resulting in naïve understandings of the NOS; thus, deviat-
ing from expansive and integrated themes central to scientific literacy. Again, 
STEPWISE challenges these status quo relations between the learner and forms of 
knowledge by de-emphasizing scientific knowledge as static (facts) and orienting 
students towards the notion of knowledge as consequential of dynamic processes, 
relationships, and subject to ongoing debate.

Misrepresentations of scientific processes as primarily abductive forms of rea-
soning (see Bencze & Alsop, 2009) embedded in school science curricula and text-
books have mythicized science as a linear roadmap to knowledge and understanding 
(Allchin, 2003). This abductive reasoning is further exemplified by a reliance on 
experimental studies in schools, which Larry Bencze (1996) suggests is premised 
on practitioner belief that experimentation yields certain (versus uncertain) results 
representative of scientifically determined truths. Here, STEPWISE challenges 
these trends by working towards more authentic science pedagogies, which embrace 
uncertainty in scientific study. For example, Bencze (1995) notes that professional 
scientists often employ correlational studies that tends to utilize inductive and 
deductive reasoning such that explanations are open-ended and ultimately uncertain 
in terms of deciphering relationships between variables (covariance). This approach 
is in contrast to school science ‘experimental studies’ that generally aim to repro-
duce certain procedures and products to teach core concepts in a pedagogically 
engaging way. In general, school science ‘experiments’ begin with expected results 
that are reproduced methodically to yield expected observations. Students are then 
expected to speculate scientific explanations that account for the observed phenom-
ena. These speculations are typically brought to a halt as the teacher intervenes to 
tell students the accepted scientific knowledge ‘behind’ their observations.

In processes of mythicizing scientific knowledge as predictable and graspable, 
the human actors that help bring science into being, scientists, have been valorized 
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as infallible, unbiased freethinkers, pursuing truth and knowledge in the name of 
(hu)mankind, while the constraints of society and culture are dismissed (Hodson, 
1998). This is, arguably, a form of dehumanization (Wang & Marsh, 2002), or 
reduction of human scientist to, as Barthes and Lavers (1972) put it the chapter 
titled, “The Brain of Einstein,” a mythification of the scientist as a purely intellec-
tual being, allegedly devoid of irrational impulses and cultural influences. Aside 
from implicating this vivisected form of being to declining student confidence and 
motivation (Matthews, 1994), the trope of the genius scientist functions to exonerate 
scientists, and science in general, from moral and ethical responsibilities by placing 
the scientist within the politically sterile trope of the laboratory. In research litera-
ture, efforts to resist these myths have been framed as the “humanization” of sci-
ence, or the portrayal of science “as an organized activity of society” (Irwin, 2000, 
p.  8), within society, animated by fallible, irrational, emotional, political human 
actors, or scientists. STEPWISE explicitly takes science out of the classroom labo-
ratory and into the world beyond the classroom as a means of exposing the political, 
social, and cultural bonds constitutive of modern Western science, which are ulti-
mately acted upon via action to transform science, society and it various subjects.

14.3  Theoretical Influences: The Forms of Capital 
and Actor-Network Theory

First, given that we were working within a pre-IB/IB setting, we were conscious of 
a certain degree of privilege that students brought to the learning context. As such, 
we were interested in how students’ cultural capital enabled them to reproduce cer-
tain forms of knowledge through STEPWISE, thus endowing them with more cul-
tural capital as well as membership to a group through which social capital could be 
utilized for advancement in society. Second, given STEPWISE’s concern for STSE 
issues, which tend to be large global problems, students tended to localize global 
issues in ways that they could act upon them in their daily lives. As such, we saw a 
connection to Actor-Network Theory (ANT), which insufferably wavers between 
the nodal actor and its network of constituent actors, all of which are networks of 
actors that are also networks—or a dialectic of unceasing local and global relations. 
However, these influences are not employed in a rigidly analytical manner since our 
aim here is to produce a text for practitioners to use in their daily work in science 
classrooms and to consider how the forms of capital impinge on social justice sci-
ence education.

Bourdieu (1986) differentiates three general forms of capital: economic, cultural, 
and social. He says that economic, or the material form of capital can, through a 
process of transubstantiation, exist in immaterial forms—cultural and social capital, 
through various conversion processes that conserves value. These processes involve 
constitution of “purposeless finality of cultural and artistic practices and their prod-
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ucts…the world of bourgeois man…the pure, perfect universe of the artist and the 
intellectual” (p.  16). The value of things represented and constituted within this 
realm, Bourdieu reminds us, is no less real than things themselves such that “price-
less things have their price” (p. 16).

Cultural capital exists in three states: embodied, objectified, institutionalized, 
which resist the transferability of the economic form. In its embodied state, cultural 
capital is slowly acquired by self-investment towards some vision of a better self 
that enables the self to be more useful in society. As well, its acquisition occurs in 
subtle ways through contexts of upbringing, traditions, and is dependent on social 
class but not necessarily through inculcation. The objectified state refers to cultural 
artefacts through which value is reified in the form of art, books, or machinery. 
Finally, the institutionalized state is objectified cultural capital in the form of “aca-
demic qualification” (p.  20), which Bourdieu (1986) says neutralizes embodied 
properties of cultural capital. This objectification enables scrutiny of capital of the 
person, which is legitimized via ‘the’ academy and law, as distinct from the person, 
yet embodied. He says that “the power of instituting…impose[s] recognition” 
(p. 21) through the institutional network on the embodied and objectified cultural 
capital possessed by constituents of that network, or the human agent, such that “the 
academic qualification” (p. 21) can be compared and exchanged.

Social capital extends outward from the individual to the collective. It does so in 
such a way that who one knows, and the quality of one’s social network, quality 
being distinguished in hierarchical class terms, determines one’s social capital and 
mobility of the individual. Bourdieu (1986) says that social capital is the, “aggre-
gate of the actual or potential resources, which are linked to possession of a durable 
network of more or less institutionalized relationships of mutual acquaintance and 
recognition, or in other words, to membership in a group” (p. 21). The aggregate of 
capital includes both cultural and economic forms, thus belonging to White bour-
geois culture, generally affords the greatest social capital and its associated mobility 
in capitalist society. Membership implies obligation by the collective to its constitu-
ents, such that the individual is backed by collectively-held capital in such a way 
that credentials afforded by belonging, also affords credit, or a collective backing of 
economic and cultural wealth to members of the group. And so, as Bourdieu 
determines:

The volume of the social capital possessed by a given agent thus depends on the size of the 
network of connections he can effectively mobilize and on the volume of the capital (eco-
nomic, cultural or symbolic) possessed in his own right by each of those to whom he is 
connected (p. 21).

As such, bearing the appropriate social signifiers (intersections of family name, 
gender, race etc.) can provide access to economic capital held by the collective, 
without actually having economic capital as an individual. In addition, collectively 
held social capital has a “multiplier effect on the capital he [the agent] possess in his 
[sic] own right” (p.  21), or the gain of profit by the individual granted by mere 
belonging, thus resisting the reduction of economism applied to social capital, as we 
embrace the complexity of networks as a necessary form for social capital. As 
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Bourdieu (1986) acknowledges, these networks are not simply a “natural given” 
(p. 22) but rather a:

…product of endless efforts at institution, of which institution rites  – often wrongly 
described as rites of passage – mark the essential moments and which is necessary in order 
to produce and reproduce lasting, useful relationships that secure material or symbolic prof-
its (p. 22).

Bourdieu (1986) refers to reproducing the group, which he continues to describe as 
a series of strategies by the agent or the collective, deliberately or inadvertently, 
which serves to transform relationships to yield more “durable obligations” (p. 22), 
or a strengthening of the network and, thus, profits of belonging. Here, the linkages 
to ANT are quite evident, referring to networks, mobilization, transformation (or 
translation in ANT), and durability. Though these concepts are similar, a key dis-
tinction is the effect of non-human elements on the obduracy and fragility of net-
works, which drastically changes the researcher gaze through said analytic looking 
glasses, and to which we now focus our gaze.

From the onset of the project, we were influenced by ANT, which draws on 
Michel Foucault’s antihumanist philosophy. Sociologist and prominent ANT scholar 
John Law (1992) describes ANT as the “sociology of translation” (p. 380), which is 
particularly interested in the power relations between heterogeneous elements, or 
actors. It considers how certain actors exist in relationship with other actors which, 
in turn, shape those actors and bring into being networks of relations that are 
dynamic and fluid. Historically, ANT as a theoretical assemblage has been inter-
ested in how certain actors get punctualized, or centered, into a single node that 
obscures the infinite network of relations and actors that they constitute and are 
constituted by. More recent ANT scholars have been interested in how these rela-
tionship are constituted, change over time and space (context), and fall out of 
existence.

With these general ANT concepts in mind, one of the earliest activities in which 
students were asked to engage involved graphically representing ‘actor-networks’ 
to better understand the STSE issues that they were investigating and seeking to 
address via sociopolitical action. This mapping strategy was informed by ANT as a 
means of identifying various actors involved in and surrounding STSE issues (see 
Fig.  14.1). We found ANT to be very useful in depicting relationships, in part 
because of how it defines ‘actors,’ or the human, non-human, material, and immate-
rial elements that constitute networks. Arthur Tatnall and Stephen Burgess (2002) 
offer the following explanation of an actor, which we feel is useful: “An actor is 
seen not just as a ‘point object’ but rather as an association of heterogeneous ele-
ments, themselves constituting a network. Each actor is thus itself also a simplified 
network” (p. 183). In other words, an actor is simultaneously an actor and a net-
work, implying that any depiction can theoretically expand ad infinitum. ANT has 
also been involved in the exploration of tension between structure and agency, 
which extends to its almost dizzying oscillation between the local and the global. 
Both these concepts were of importance in terms of students localizing large global 
issues, as well locating themselves within networks, or structures, positioning them 
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as various actors that have an effect on the system (for an extended discussion on 
ANT specific to this context see Ramjewan, Zoras and Bencze, Chap. 12, this 
volume).

14.4  Research Context

The high school, comprising about 1000 students, in which our study was located is 
situated in a large urban centre in Canada. The International Baccalaureate (IB) 
program was relatively new to the school, being in its fifth year of implementation. 
Students were allowed to apply from across the school district. Consequently, many 
of the students were outside of the regular catchment area affecting the expected 
socioeconomic profile of the cohort with some student from working classes and 
others from intellectual classes. Though we did not explicitly gather empirical data 
to discern the economic background of participants, interview questions about stu-
dent home life revealed some of these differences. The group of pre-IB Grade 9 
students with whom we worked during this action research project entered into the 
program by taking a test, having an interview, and delivering a presentation to the 
school IB coordinator. This context, as well as the socioeconomic range, is not sur-
prising given criticism of the IB program in the last few decades, followed by more 
recent efforts on behalf of the International Baccalaureate Organization (IBO) to 
diversify beyond elite institutions to inner city settings (Tarc & Beatty, 2012). 
However, this move does not exempt the program from an ableist ideology of 

Fig. 14.1 Student explore ANT (Actor-Network Theory) and power relations through network 
mapping
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“intellectual elitism” (Peterson, 1972, cited in Tarc, 2009, p. 255), which we address 
in the discussion section.

The IB Diploma Program doesn’t officially start until Grade 11 and, thus, the 
Grade 9 student participants with whom we worked are considered “pre-IB.” Pre-IB/
IB students are grouped into cohorts and travel through the school’s system together. 
As well, both pre-IB, IB, and regular students are tested and evaluated against the 
same standardized provincial curriculum. However, the IB program issues its own 
standardized tests as means of determining student ability to continue in the IB 
Diploma Program (as well as teacher accountability; however, this is not the focus 
of this discussion). By the end of Grade 10, students that are eligible must decide if 
they want to continue into the ‘official’ IB program or switch to the regular classes.

A major distinction of the IB program from the regular high school program is 
access to enrichment opportunities in and through their academic classes. It is for 
this reason that the classroom teacher, Brandon Zoras, was inclined to incorporate 
STEPWISE into his teaching and programing (however, STEPWISE has been 
implemented in a variety of settings including standard state curriculum settings; 
e.g., Bencze, Sperling, & Carter, 2012). In fact, Mr. Zoras saw a direct connection 
with STEPWISE’s open-ended approach to addressing STSE issues and commit-
ment to sociopolitical action with the pre-IB requirement for students to earn 
Creativity, Activity, Service (CAS) (International Baccalaureate [IB], n.d.a) credits 
towards the IB diploma and other elements of the IB learner profile (IB, 2013).

Mr. Zoras had been teaching for 6 years within the same school board, but at 4 
different schools over those 6 years. He had completed his Bachelor of Education in 
Inner City Education and as well as a Masters of Education while teaching in urban 
settings. It is through social justice, equity, and information and communications 
technology that he approaches his science classes. His previous work with Larry 
Bencze examined student activism through social media, while doing school sci-
ence (Zoras & Bencze, 2014). This was his first year teaching in the IB program, in 
which he taught Grade 12 Diploma Program Chemistry and Grade 9 pre-IB 
Academic Science, the latter of which participated in STEPWISE. He received a 
3-day training program to be able to teach in the IB program and attended work-
shops and other professional development sessions relating to the IB program 
throughout the year.

14.5  Reflections on Implementing STEPWISE

This section is organized into three main parts that focus on how STEPWISE was 
implemented with the Grade 9 pre-IB students. The case is written mainly through 
the eyes and experiences of the classroom of Mr. Zoras; however, we use a plural 
pronoun to represent a degree of communication that we tried to achieve throughout 
the project. First, we reflect on how we first introduced STEPWISE and ANT to 
consider relations of power. Secondly, we consider texts that students generated 
with an emphasis on uses of the Wiki, or our virtual learning environment, as they 

N.T. Ramjewan et al.



323

conducted secondary and primary research and reflected in their journals through-
out the process. Finally, we look back at how students used various texts to act in 
society, including the mentoring of elementary school students across the Wiki.

14.5.1  Introducing STEPWISE and Science, Technology, 
Society, Environment Issues to Students

Mr. Zoras introduced STEPWISE early in the semester to frame the course as being 
explicitly concerned with social justice. The project was presented as an opportu-
nity to work with a teacher, graduate student, and an established scholar to examine 
conditions of inequality and respond to STSE issues. After considering cultural 
capital that pre-IB students brought to the learning context, we decided to do an 
accelerated apprenticeship to engage in action sooner and with greater frequency 
(multiple projects over multiple science units). Mr. Zoras provided students with 
‘apprenticeship’ lessons and activities to prepare them for self-directed research- 
informed and negotiated action (RiNA) projects, to address problems they perceived 
about STSE relationships. The first of these apprenticeships was more teacher-led, 
while the second one gave students more control over most decisions. Consequently, 
students could complete two full sets of STEPWISE-informed activities, the latter 
of which involved the mentoring of a group of elementary school students through 
STEPWISE-related processes via the Wiki, on our online space for collaboration 
and knowledge production.

Students were exposed to many examples of social justice and STSE issues at the 
start of the course, mainly through YouTube™ videos and discussions. Over the 
years, Mr. Zoras has collected a range of media that examine STSE issues, power, 
and social action, which he integrates into the Ontario science curriculum. Keeping 
the end goal of sociopolitical action in mind, we wanted to not just expose students 
to STSE issues but enable them to critically examine and question why the issues 
exist at all. Mr. Zoras initially introduced students to large scale global issues, such 
as ‘blood minerals,’ using the documentary Blood in the Mobile (Poulsen, 2010). 
Though a process of thinking in actor-network terms, we were able to see how we 
are implicated in these large, and sometimes overwhelming environmental 
problems.

Consequently, for our chemistry unit, we looked at how minerals and mining 
affect the world but we also considered how we affect demand and uses of minerals. 
After watching the preview for the film, we examined power relations involved in 
mines in the Congo, which companies are utilizing these minerals, and the people 
who are creating demand for these products. We challenged students to think about 
how this problem was not just that of the Congolese people but as a problem created 
from outside of the Congo, in particular through Western appetites for electronics. 
Students were encouraged to show a web of actors (human and non-human) involved 
in mining. Students were also encouraged to look at who was taking action against 
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this issue, what mode they took, and how that in turn enters the network as disrup-
tive elements. We presented the idea that documentary makers can be thought of as 
activists who act through creation of media, which in turn acts upon us (the viewer) 
to affect our perspective and, thus, our relationship to the issue. This had the effect 
of getting students to reflect on their roles as consumers and, thus, connect their 
wants to mining in the Congo. As a consequence of having their consumer wants 
implicated in the process of mining, the class signed up for a recycling box through 
a local organization and ran a campaign within the school to get involved and spread 
the message.

In 2008, the Ontario Science Curriculum was revised and restructured, part of 
which involved moving teaching/learning expectations for STSE issues to the fore-
front of the curriculum document, while shifting knowledge and understanding of 
‘products’ of science and technology (e.g., laws, theories & inventions) to the end. 
Similarly, STEPWISE is premised on the primacy of the politics of science dis-
course. As a consequence, we kept both the curriculum and the NOS in mind as we 
introduced various issues to students. In turn, it became evident that students started 
to realize that many of the chemistry issues stretched across biology, social sci-
ences, law, and politics. Students even commented on other teachers in different 
disciplines who were surprised that they were addressing social issues in science 
class all while learning state-mandated scientific concepts, principles, and methods. 
Eventually students began to question why the schooling system itself is so com-
partmentalized when the issues under scrutiny involve massive networks of people 
and departments that are interconnected.

Many other examples were presented when introducing science knowledge and 
content throughout the semester. The 94 Elements online video series has a particu-
larly moving piece that looks at the ‘farming’ of circuit boards from e-waste and the 
health and environmental consequences of this mining (Paterson, 2008). As well, 
the online Story of Stuff series has expanded to examine many issues related to 
STSE education, from bottled water, to cosmetics, to their newer Story of Change. 
Students were also inspired by many of the TED Talks™ and TED Ed lessons on 
environmental issues. They would often share with us new videos they found online 
and come into class with a blast of energy asking others if they have seen various 
videos. Other sources include the website Upworthy where we looked at effects of 
the molecule benzene on human health and how consumerism intertwines with 
health and science.

It was through these examples in conjunction with theoretical influences, such as 
ANT, discussed earlier, that students began to see that these far-off examples aren’t 
so far away and that local issues are needing champions to create change. As men-
tioned, an early activity that students completed involved choosing an STSE issue 
around which they create an actor-network web to graphically represent various 
elements (actors) that constitute the issue. For their first attempt at mapping an 
actor-network, students were given a choice from a variety of STSE issues and 
within a group planned their map on a whiteboard. The group discussed below (see 
Fig. 14.1) chose fast food and looked at implicated elements (actors) and those most 
affected (typically human actors). As they were planning, we asked them to also 

N.T. Ramjewan et al.



325

think about who has power, who is driving the issue, and how we can interrupt the 
web.

As is evident from Fig. 14.1, students were able to, in a very short timeframe, 
expose some very sophisticated relationships to fast food industry, including rela-
tionships among government, industry and consumers (themselves), the impact on 
the environment, health and wellbeing, and the marketing machine proliferating 
images for visual consumption and shaping ideologies. Furthermore, actor- 
networks, such as the one in Fig. 14.1, represent an artefact of student knowledge 
created with their peers through dialogue drawing from their personal and collective 
experiences. These representations became a first crucial tool to creating further 
texts upon which to reflect and then act (i.e., praxis). Overall, we found that the 
notion of an actor-network was well understood by the students and central to how 
they examined issues and how they began to situate themselves in the issues being 
acted upon through the remainder of the STEPWISE project.

14.5.2  Making Socioscientific Activist Texts

The next phase of the project came naturally as the students felt it was not enough 
to just consume information about STSE issues, such that they were eager and 
enthusiastic to step in an affect change. This shift is a central component of the 
STEPWISE framework. To move students from content consumers to creators of 
content really empowered and engaged students as they began to gain a sense of 
agency, through situating themselves in the social structures in which they exist.

14.5.2.1  The Virtual Learning Space – The ‘Wiki’

With advancements of the Internet and related technologies, people around the 
world are able to access information, communicate and collaborate on projects like 
never before. The Substitution, Augmentation, Modification, Redefinition (SAMR) 
model (Candace, 2013) shifts technology use from a simple substitution to redefin-
ing new tasks that were not possible without the technology. With this shift, we 
wanted to create a platform through blended learning where students could collabo-
rate and communicate their projects to each other (as a group), to other groups, and 
to the teacher. The first STEPWISE action project was done through Wikispaces™. 
Wikis allow for students to collaborate in an online space that accommodate a mix 
of media, such as text and audio-video content, but also abilities to be fluid and 
progress over the semester. Students added to their projects as they went along and 
shared them to get feedback from peers, teachers and researchers. Students could 
view STSE issues and questions about distributions of power posted by us and work 
collaboratively to share about their chosen issues. This proved to be a useful tool for 
student collaboration and feedback as well as keeping us, as teachers and research-
ers, informed and organized (in terms of student work and projects) along the way. 
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For our second STEPWISE action project, we shifted from Wikispaces™ to Google 
Apps for Education™ through which we were able to leverage Google Sites™ as a 
learning platform—and as a platform for our students to mentor younger students at 
an elementary school. Students were able to embed various document types, inter-
active audio video content, and use this as a fluid site that was constantly evolving 
as they were learning and which younger mentees (discussed below) would use as a 
repository of information to learn about STEPWISE and act in their locality to 
address local/global issues.

Both platforms allowed for a blended learning space where students could log in 
from a variety of devices and locations. Through the Wiki/Google Sites™ plat-
forms, high school students were positioned as content creators and curators who 
could shape their learning and the messages they wanted to convey to younger stu-
dents learning about science and social activism.

14.5.2.2  Student Research

Secondary Research

Again, under the presumption that pre-IB students possessed a degree of privilege 
afforded by cultural and social capital, we agreed to, through transmission-style 
teaching, deliver an accelerated apprenticeship (also see Chap. 2, this volume) at the 
beginning of the unit. The students quickly came to their own conclusions that, 
before taking actions to address STSE issues, they would need to review and 
research the STSE issue in which they were interested via secondary research, or 
research using secondary sources. This typically involved understanding scientific 
concepts and technology involved, impacts on societies and environments, as well 
as contemporary efforts to address the issue. Students used various secondary texts 
(mainly online content in the form of documents and video) to find out as much as 
they could about the issue they chose. They were able to post this information to the 
Wiki as part of their ongoing work. Students also utilized email and various social 
media, such as Twitter™ and Facebook™, to contact companies typically involved 
in the network of the STSE issue, to ask about business practices, as well as about 
their knowledge and efforts to address the STSE issue to which they were contribut-
ing. In addition, students engaged government officials, activists, professional sci-
entists, and not-for-profit organizations to get more information and better 
understand the STSE issue at hand.

One group of students constructed a page of information and resources for peers 
as they continued to learn about their STSE issue and before deciding on an action 
(see Fig. 14.2). The idea of a fluid space, such as the Wiki platform, that was able to 
change and grow as they learned was a key feature and reason why a digital plat-
form was preferred over traditional paper-based media. They were able to embed 
videos, images and live links to relevant information, which eventually included 
videos of themselves either as an action, or as a mentoring resource and, in some 
cases, both. For example, the group represented in Fig. 14.2 collected a variety of 
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e-waste resources and then links to help educate others; along with yielding forms 
of both secondary research and a social action to inform others of the problem at 
hand. As well, they linked to other organizations, like Greenpeace™—which pro-
vides an interactive map of where countries send their e-waste (Fig. 14.3).

Primary Research

Part of the apprenticeship offered to students involved teaching distinctions between 
experiments and correlational studies. Bencze (1996) highlights the preference of 
experimental investigations over correlational studies in school and college science, 
which persist in the current climate of high stakes testing, dense curriculum stan-
dards, and the rhetoric of being competitive within a free market economy. Despite 
extensive use of correlational studies by professional scientists, Bencze (1996) sug-
gests that school science tends to opt for experimentation due to beliefs by teachers 
in potential of experiments to yield more certain results. This belief in the ability to 
discern firm, knowable, causal relationships between variables aligns with societal 
demands to advance via competition in a knowledge-based economy. In contrast to 
this belief, STEPWISE tries to challenge these ideologies by encouraging the use of 
correlational studies, which do not emphasize strict causal relationships, and dwells 
in the uncertainty of the (un)knowable and the open-endedness of acts of learning. 
Correlational studies also often are a more ethical choice than experimentation 
when studying possibly-harmful effects on living things—which is frequently the 
case when investigating STSE issues.

Fig. 14.2 Students use Wikispaces™ to create pages to organize and share their secondary 
research
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After having curated secondary information on their STSE issue, students were 
required to conduct primary research to learn more about it. Thus, students had to 
start asking critical questions about actors entangled in the network of their STSE 
issue that they were trying to resolve. Here, we encouraged students to think of who 
they felt were in positions of power and who they felt was most affected by the issue 
in order to devise actions that could yield the greatest potential impact towards some 
resolution. We encouraged students to think of ways to better understand their issue 
through voices and experiences of others. As such, we suggested gathering informa-
tion via in-person interviews, phone, email, Twitter™, Facebook™, and through 
online surveys, such as through Google Forms™ and Survey Monkey™. In large 
part due to convenience, surveys were the tool of choice by the majority of groups, 
which was used to poll their social network (both in face-to-face in their classes as 
well as digitally to their social media networks), which resulted in data that were 
collected and analyzed by the students. Student data were primarily quantitative and 
enabled them to estimate frequencies of determined variables. They were able to 
utilize Google Site™ tools to generate graphical representations to compare their 

Fig. 14.3 Links to content are easily embedded in the Wiki. (http://www.greenpeace.org/interna-
tional/en/campaigns/detox/electronics/the-e-waste-problem/where-does-e-waste-end-up/)
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variables of concern, giving them the ability to determine positive or negative rela-
tionships upon which to reflect and develop sociopolitical actions (Fig. 14.4).

14.5.2.3  Student Journals

We were very conscious to provide opportunities for students to reflect on relation-
ships that they were representing through secondary and primary research, for the 
sake of making connections between these sets of information (and others), to 
enable sustained engagement with STSE issues, via research-informed and negoti-
ated actions. By having students reflect multiple times over the semester, they could 
track how they are interpreting what they were learning as well as get formative 
feedback on their progress. Students were asked to write journal entries four times 
throughout the semester and use a chart to guide them. They considered their atti-
tudes, skills, and knowledge (ASK) as they thought about their issue, the research 
they conducted, and the actions they took. A sample of a student’s third journal can 
be found in Appendix 14.1. What is evident to us is that the student has become 
really committed to this work, developed a sense of agency, and is able to see key 
players and actions needed to influence change in the world. Since this was a digital 
journal, the other students and researchers also were able to see how everyone in the 
group was proceeding with their project.

14.5.3  Using Student Generated Texts to Act in Society

14.5.3.1  Actions

Having the students go through two rounds engaging STSE issues through RiNA 
projects, and reflecting through journals along the way, helped to shape the action 
process. We provided exemplars of previous student actions as part of the appren-
ticeship. We tried to emphasize the relationship between how STEPWISE activists 
were able to take their own secondary and primary research to form meaningful and, 

Do honey bee’s have a huge effect on the Ecosystem?

No. [1]

I Don’t Know [5]

Yes! [25]

Fig. 14.4 Students publish data from their primary research using Google Forms™
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hopefully, impactful actions that disrupt networks of relations constitutive of the 
STSE issue. The first set of actions was very powerful from a group that was ini-
tially concerned with global issues of deforestation. First, through secondary 
research, they were able to localize the issue to paper waste. After doing secondary 
research, students were encouraged to think about actions to address their issue. 
Typically, this meant particularizing the issue to a specific context in which they 
could engage with the issue. The group considered here was annoyed by the fact that 
newspapers were littering their commuter route to school as newspaper companies 
distributed free copies of two local daily papers outside the subway. Again, they 
used secondary sources to determine the carbon footprint associated with printing 
and delivering papers meant for one time use.

Many groups chose to use digital mediums to educate their social networks on 
particular issues; however, this group decided to make a change in the subway to 
address issues linked to newspaper waste (and deforestation). They went to the sub-
way to conduct primary research by polling commuters whether they preferred 
newsprint media or digital media. Using this information in conjunction with their 
secondary research, they decided to provide a Quick Response (QR) code which 
they placed on newsstands (see Fig. 14.5) and spent some time informing commut-
ers of the impact of newspapers on deforestation and redirected them to the digital 
source. The QR code enabled readers to use their digital device to link to the online 
version of the paper, in turn potentially reducing paper waste and, thus, impacting 
large scale problems of deforestation. Of course, mining for precious metals that are 
necessary for production of mobile phones are implicated in global issues of defor-
estation and, so, there are many critiques that can be launched against the actions 
that we report here. However, we critique STEPWISE below in sociological terms 
to engage with these contradictions.

Fig. 14.5 QR code placed on newsstands directing readers online for a financially and paper free 
copy
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14.5.3.2  Mentoring

Mr. Zoras had partnered with an elementary school colleague in the past to test 
interclass communication through the Web. Mr. Zoras proposed extending the sec-
ond RiNA project that his class was conducting to involve a similar interclass rela-
tionship with elementary school students. We thought that this would be a novel 
actor and network of relations in the form of mentorship of elementary school stu-
dents by high school students, in itself representing an action on the world. We 
informed the Grade 9 pre-IB students of the plan to mentor younger students at the 
end of the first action project. Consequently, the prospect of being role models and 
mentors affected how Grade 9 students perceived their location in the network 
mediated by the Wiki, the means of communication with elementary students.

Grade 9 students were responsible for creating resources to post to the Wiki for 
elementary school students to learn about the STEPWISE process, including iden-
tifying STSE issues, conducting secondary and primary research and, finally, taking 
sociopolitical actions. They created entire modules through Google Sites™, includ-
ing handouts, videos, and their own personal projects as examples of how they 
addressed STSE issues. As the Grade 9 students conducted their second STEPWISE 
project, they provided feedback and support for elementary students via the Wiki as 
elementary school students posted their work. Using exclusively high school 
student- made resources, elementary classes were able to identify issues in their own 
communities, conduct both secondary and primary research, brainstorm solutions, 
and start to take meaningful and authentic actions toward a better world. Although 
it took longer than expected for the elementary students to go through the process, 
it had lasting impressions on the way both high school and elementary students 
perceived the practice of science and their responsibility to others and the worlds 
they live in (for an extended discussion on the mentorship process see Ramjewan, 
Zoras and Bencze, Chap. 12, in this volume).

14.6  Discussion

Using both Bourdieu’s (1986) notion of forms of capital (economic, cultural, and 
social) and ANT as theoretical lenses, we consider the tensions of doing social jus-
tice work in an IB program that aims to provide students with a competitive interna-
tional advantage. First, using ANT, we consider how engaging in STEPWISE 
enables students to be positioned as more than mere consumers, resisting the illusion 
of market based agency, or choice, for a subjectivity of the social activist and, per-
haps, a more authentic sense of agency, at least through resistance against capitalist 
modes of subjectification. Secondly, using Bourdieu’s notions of different forms of 
capital, we consider how the IB program refracts and amplifies privileged students 
cultural capital to produce and reproduce network relations that yield personal and 
group profits in the form of social capital, thus maintaining hierarchies of privilege 
through a social justice oriented pedagogical framework such as STEPWISE.
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In general, we found that as students expanded their networks (via pictorial rep-
resentation) they eventually found themselves implicated in their STSE issue. 
Typically, students’ entanglement in their STSE networks was in the form of con-
sumers, or a subject of capitalist discourses, which was rarely blind to environment 
and material resources. It’s familiar to interpret this as a cognitive realization by 
students that they were actors in the network of capitalist relations whose presence 
has an effect on the constitution and maintenance of that network. However, an 
interesting and powerful aspect of ANT is its tendency to implicate itself as an actor 
(and network) meaning what ANT is, is continually under revision, and possibly 
dissolution (Law, 1992). Through this almost obsessive self-reflexivity, and in this 
particular iteration, the actor STEPWISE (secondary research, primary research, 
reflection, sociopolitical action, teachers, researchers, students, virtual learning 
spaces, ANT, etc.) brought ANT (which constructs STEPWISE as an actor) into the 
pedagogical fold. In other words, STEPWISE and ANT were not mutually exclu-
sive but, rather, coextensive elements that constituted the other in very particular 
ways in our context. Subsequently, students were positioned beyond the subjectivity 
of capitalist consumers, via discourses of science education, social activism, and the 
sociology of science which are not often presented in schools as interdependent. 
Consequently, students began to envision themselves as educators and social activ-
ists that could do more than merely ‘choose’ less harmful products as exclusively 
consumers in capitalist society because they were brought into being more than 
mere consumers. As educators and activists, they could act in strategic and deliber-
ate ways to influence others such as business entities, individual workers, friends, 
family members, and other students to consider their role in certain STSE issues. 
However, despite becoming more than consumers, students were also in the process 
of becoming IB learners.

Recall that the Mr. Zoras saw a direct connection with the IB learner profile, the 
IB Creativity, Action, Service (CAS) requirement, and STEPWISE. Thus, the IB 
program was a structural actor that shaped the ontology of our social experiences. 
This text is not meant to be a critique of the IB program; however, we cannot ignore 
the literature on international curricula, since connections between the IB program 
and elite schooling is well established. Paul Tarc (2009) considers the issue of 
access in the IB program. He says the “IBO’s de facto beginnings as an education 
for mobile elite were in tension with its dream of making a better world in an era of 
democratization” (p. 252) and, thus, found itself obliged to broaden access beyond 
an elite class. Tarc cites the IBO Director General’s Report written by Alec Peterson 
(1972) in which Peterson tries to defend the charges of social elitism by distinguish-
ing the IBO’s concern for ‘intellectual elitism’ in a meritocratic society, which he 
believed to be worth developing towards a better and more democratic world. Here, 
Tarc cites Remillard (1978), who criticizes Peterson for being blind to the biologi-
cal, social, and political inequalities overlooked by the ideology of meritocracy. 
Finally, Tarc notes that theories of socio-cultural reproduction of the 1970s, which 
detail how schools reproduce class relations, seems to have been in large part 
ignored by the IBO. As mentioned previously, the modern IBO is making efforts to 
broaden its contexts to inner-city settings (Tarc & Beatty, 2012), such as ours.
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The IB is an internationally-recognized institutional program which, according 
to their mission statement, “aims to develop inquiring, knowledgeable and caring 
young people…[via]…challenging programmes of international education and rig-
orous assessment” (IB, n.d.b) with undeniable ideological roots in an elite social 
class (Tarc, 2009). More specifically, the IB community produces IB students that 
eventually attain an IB diploma, which represents cultural capital in its institutional-
ized state. According to Bourdieu (1986), then, the diploma, or graduating from said 
program, confers “academic qualification” (p. 20) objectified for the sake of sepa-
rating it from the person such that it can be compared and exchanged for the sake of 
profits (in various forms). This form of cultural capital can be converted into social 
capital, which Bourdieu defines as the “aggregate of the actual or potential resources, 
which are linked to possession of a durable network of more or less institutionalized 
relationships of mutual acquaintance and recognition, or in other words, to member-
ship in a group” (p. 21). As such, institutional programs such as the IB represent a 
group in which recognition of the agent as intellectual is imposed by its very dis-
tinction from the mainstream, non-internationally recognized program and learner. 
The need for exchangeability of the cultural commodity also imposes recognition 
on the embodied and objectified cultural capital possessed by the agent through the 
social network of instituting bodies or, in this case, the IB program and all institu-
tions who recognize the IB program. As a consequence, despite efforts of equitable 
access through extension into urban contexts, the accumulation of social capital is 
maintained through the reproduction of IB students who are internationally and 
institutionally recognized as intellectually superior granting them access to forms of 
symbolic and material wealth.

As STEPWISE enters the market of exchange and circulation through the institu-
tion of the IBO, we must consider how it contributes to the reproduction of the 
social structures described above. As mentioned, Mr. Zoras saw connections 
between STEPWISE, the school, and the IB program. First, Mr. Zoras saw a con-
nection between the social justice orientation of STEPWISE and the school, which 
promotes social justice through various tenets that they articulate on their website. 
Second, Mr. Zoras saw connections between the IB learner profile, which articulates 
fairness and justice, and the IB programs creativity, activity, service (CAS) require-
ments, to the student-led activist science framework of STEPWISE.  However, 
despite these points of confluence, using Bourdieu’s notion of cultural reproduction, 
we argue that STEPWISE, within an IB setting, is utilized to attain institutionally 
sanctioned cultural capital, which is reproduced to maintain capitalist modes of 
relation.

As mentioned, we were initially informed by three documents, the IBO mission 
statement, the IB learner profile, and the CAS requirement. The IB learner profile 
connects to STEPWISE concern for the wellbeing of individuals, societies, and 
environments, in that it aims to develop “internationally minded people who, recog-
nizing their common humanity and shared guardianship of the planet, help to create 
a better and more peaceful world”(IB, 2013). As well, it specifically mentions 
 justice as follows: “We act with integrity and honesty, with a strong sense of fairness 
and justice, and with respect for the dignity and rights of people everywhere” (IB, 
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2013). Here, the “IB learner profile” refers to the expectations of the individual 
learner while demanding the individual be concerned with the world beyond the 
self. In differentiating the individual “IB learner,” the agent is discursively con-
structed. This agent is capable of possessing cultural capital, or skills that the IB 
program works to instill, such as inquiry, thinking, communication, open- 
mindedness, risk taking, and reflection in addition to striving to be caring, knowl-
edgeable, and principled. These skills are recognized internationally by universities 
and colleges; thus, granting membership to an intellectual class or group. 
Furthermore, the social network, and thus the aggregated capital of its members, or 
social capital, is signified by the “We” that acts with integrity and honesty towards 
justice. In turn, the priority of access by the individual agent to an intellectual class 
is achieved through justice oriented activities. As a consequence, the reproduction 
of the intellectual is achieved through a collectively skilled effort by intellectually 
privileged (read able bodied/minded) students recognized by international institu-
tions, to care for the wellbeing of the world. In the IB setting that we consider here, 
STEPWISE can be considered as a social justice instrument utilized in an institu-
tionalized program that distinguishes itself from local institutions by reproducing 
intellectually superior agents constitutive of an international program recognized by 
other international institutions; thus, establishing an exchange value representative 
of said hierarchical distinctions that maintain capitalist networks of social 
inequality.

14.7  Conclusions

We have attempted to provide a reflective and practical text for practitioners to use 
for the sake of implementing STEPWISE in their classrooms and various learning 
environments, with a focus on the use of Web 2.0 technologies, or dynamic user 
created content. However, our reflections on our efforts are not without room for 
further reflection, a process of self-reflexivity that we have tried to foster and 
encourage though praxis with the students with whom we engaged. The purpose of 
this is to continually unsettle the self that settles in between moments of reflection 
for the sake of changing and adapting to social, economic, and political life (not that 
these dimensions are discrete). As such, we have also offered some more theoretical 
considerations of STEPWISE, as both a structure and as an instrument depicting the 
tensions of trying to teach social justice in a program that enables individualized 
upward mobility. Together, we hope these seemingly discordant texts work to 
encourage meaningful reflection to face the contradictions of institutional life.

Acknowledgements We would like to thank the wonderful class for all your hard work and com-
mitment and in particular those students and parents that gave their consent to be represented by us 
in this text. This chapter could not have been written without the passion and dedication that you 
all have. Additionally, we are grateful to the Social Sciences and Humanities Research Council, 
Canada, for their generous funding of research about this case.

N.T. Ramjewan et al.



335

 A
pp

en
di

x 
14

.1
: 

St
ud

en
t 

Jo
ur

na
l E

nt
ry

A
tti

tu
de

Sk
ill

s
K

no
w

le
dg

e

Is
su

e
I 

fe
el

 li
ke

 a
 b

ig
 is

su
e 

ri
gh

t n
ow

 is
 th

e 
fa

ct
 th

at
 

co
ns

um
er

is
m

 a
nd

 it
s 

ha
rm

fu
l e

ff
ec

ts
 o

n 
th

e 
en

vi
ro

nm
en

t a
re

 b
ei

ng
 ig

no
re

d.

O
nc

e 
ag

ai
n,

 I
 h

av
e 

to
 b

e 
go

od
 a

t d
ec

ip
he

ri
ng

 
th

e 
in

fo
rm

at
io

n 
I 

re
ce

iv
e 

on
lin

e 
be

tw
ee

n 
ri

gh
t 

an
d 

w
ro

ng
, A

 s
m

al
l a

na
ly

si
s 

of
 in

fo
rm

at
io

n 
ca

n 
m

ak
e 

a 
hu

ge
 d

if
fe

re
nc

e.
 I

 a
m

 h
el

pi
ng

 to
 

ed
uc

at
e 

pe
op

le
 a

bo
ut

 th
e 

ef
fe

ct
s 

of
 

co
ns

um
er

is
m

 a
nd

 h
ow

 to
 ta

ke
 a

ct
io

n 
ag

ai
ns

t i
t. 

I 
de

fin
ite

ly
 d

o 
no

t w
an

t t
o 

m
is

le
ad

 th
em

 
be

ca
us

e 
I 

ha
ve

 th
e 

w
ro

ng
s 

id
ea

s 
ab

ou
t t

he
 

is
su

e.
 I

n 
or

de
r 

to
 in

fo
rm

 o
th

er
s 

ab
ou

t t
hi

s 
is

su
e,

 I
 fi

rs
t n

ee
d 

to
 u

nd
er

st
an

d 
it 

cl
ea

rl
y 

an
d 

pr
op

er
ly

 m
ys

el
f.

I 
ne

ed
 to

 k
no

w
 a

nd
 u

nd
er

st
an

d 
th

is
 is

su
e 

lik
e 

th
e 

ba
ck

 o
f 

m
y 

ha
nd

. I
f 

I 
am

 g
oi

ng
 to

 b
e 

ex
pl

ai
ni

ng
 th

is
 is

su
e 

to
 o

th
er

s 
th

ey
 m

ay
 h

av
e 

qu
es

tio
ns

 a
nd

 c
on

ce
rn

s.
 I

 n
ee

d 
to

 h
av

e 
en

ou
gh

 k
no

w
le

dg
e 

ab
ou

t t
he

 is
su

e 
of

 
co

ns
um

er
is

m
 to

 b
e 

ab
le

 to
 a

ns
w

er
 m

os
t, 

if
 

no
t a

ll,
 o

f 
th

os
e 

qu
es

tio
ns

 a
cc

ur
at

el
y.

 T
hi

s 
w

ill
 b

e 
ex

tr
em

el
y 

im
po

rt
an

t b
ec

au
se

 I
 w

ill
 

be
 th

e 
on

e 
pe

op
le

 a
re

 r
el

yi
ng

 o
n 

an
d 

I 
ne

ed
 

to
 g

iv
e 

th
em

 th
e 

co
rr

ec
t i

nf
or

m
at

io
n 

th
ey

 
w

an
t a

nd
 r

eq
ui

re
 to

 ta
ke

 a
ct

io
n 

ag
ai

ns
t 

co
ns

um
er

is
m

.

In
 f

ac
t, 

th
ey

 a
re

 n
ot

 e
ve

n 
be

in
g 

ig
no

re
d.

Pe
op

le
 ju

st
 a

re
n’

t a
w

ar
e 

of
 th

es
e 

ef
fe

ct
s.

I 
fe

el
 p

ro
ud

 a
nd

 h
ap

py
 th

at
 I

 a
m

 m
ak

in
g 

a 
ch

an
ge

 b
y 

he
lp

in
g 

to
 m

ak
e 

pe
op

le
 a

w
ar

e 
ab

ou
t 

th
es

e 
ef

fe
ct

s 
an

d 
ho

w
 th

ey
 c

an
 d

o 
si

m
pl

e,
 s

m
al

l 
ev

er
yd

ay
 th

in
gs

 th
at

 c
an

 h
av

e 
an

 a
m

az
in

gl
y 

la
rg

e 
im

pa
ct

R
es

ea
rc

h
T

he
re

 h
as

 b
ee

n 
ex

te
ns

iv
e 

re
se

ar
ch

 d
on

e 
on

 
th

e 
gl

ob
al

 is
su

e 
of

 c
on

su
m

er
is

m
 a

nd
 

el
ec

tr
on

ic
 w

as
te

. I
 a

m
 g

ra
te

fu
l t

o 
al

l t
he

 
pe

op
le

 w
ho

 h
av

e 
pr

ev
io

us
ly

 c
on

du
ct

ed
 

re
se

ar
ch

 o
n 

th
is

 is
su

e 
as

 it
 is

 h
el

pe
d 

m
y 

pa
rt

ne
r 

an
d 

I 
a 

gr
ea

t d
ea

l t
hr

ou
gh

ou
t o

ur
 

pr
oj

ec
t. 

Fu
rt

he
rm

or
e,

 I
 a

m
 g

ra
te

fu
l t

o 
al

l t
he

 
pe

op
le

 w
ho

 h
av

e 
st

ep
pe

d 
fo

rw
ar

d 
an

d 
ta

ke
n 

ac
tio

n 
ag

ai
ns

t c
on

su
m

er
is

m
 a

nd
 e

-w
as

te
, t

hu
s 

m
ak

in
g 

m
or

e 
pe

op
le

 m
or

e 
aw

ar
e 

of
 it

s 
ha

rm
fu

l e
ff

ec
ts

. I
 b

el
ie

ve
, t

ha
t n

o 
on

e 
w

an
ts

 
to

 c
au

se
 h

ar
m

 to
 th

ei
r 

ho
m

e.
 O

ur
 e

ar
th

 is
 o

ur
 

ho
m

e 
an

d 
th

er
ef

or
e 

w
e 

sh
ou

ld
 m

ak
e 

su
re

 th
at

 
w

e 
ar

e 
no

t h
ar

m
in

g 
it.

 I
 k

no
w

 th
at

 if
 p

eo
pl

e 
ar

e 
m

or
e 

aw
ar

e 
re

ga
rd

in
g 

th
e 

is
su

e 
of

 
co

ns
um

er
is

m
 th

ey
 w

ill
 ta

ke
 a

ct
io

n 
ag

ai
ns

t i
t 

an
d 

1 
da

y 
it 

w
ill

 c
om

e 
to

 a
n 

en
d,

L
ik

e 
I 

m
en

tio
ne

d 
ab

ov
e,

 I
 n

ee
d 

to
 b

e 
ab

le
 to

 
te

ll 
th

e 
di

ff
er

en
ce

 b
et

w
ee

n 
ri

gh
t a

nd
 w

ro
ng

 
in

fo
rm

at
io

n 
be

ca
us

e 
it 

ca
n 

m
ak

e 
su

ch
 a

 b
ig

 
di

ff
er

en
ce

. I
t i

s 
cr

uc
ia

l f
or

 m
e 

to
 m

ak
e 

su
re

 
th

at
 th

e 
so

ur
ce

 I
 a

m
 r

ec
ei

vi
ng

 m
y 

in
fo

rm
at

io
n 

an
d 

re
se

ar
ch

 f
ro

m
 is

 r
el

ia
bl

e.

R
es

ea
rc

h 
do

ne
 in

 th
e 

pa
st

 o
n 

th
is

 is
su

e 
is

 ju
st

 
st

un
ni

ng
. L

ik
e 

I 
m

en
tio

ne
d 

ea
rl

ie
r 

so
 m

an
y 

pe
op

le
 h

av
e 

lo
ok

ed
 in

to
 th

is
 is

su
e 

an
d 

ha
ve

 
re

se
ar

ch
ed

 o
n 

it.
 T

he
 r

es
ea

rc
h 

w
as

 n
ot

 b
ia

s 
an

d 
it 

w
as

 a
cc

ur
at

e.

Ju
st

 a
s 

I 
am

 r
el

yi
ng

 o
n 

a 
so

ur
ce

 to
 g

et
 m

or
e 

in
fo

rm
at

io
n 

on
 m

y 
is

su
e,

 th
er

e 
ar

e 
pe

op
le

 
re

ly
in

g 
on

 m
e 

to
 f

ur
th

er
 e

xp
la

in
 th

is
 is

su
e 

to
 

th
em

. I
 d

o 
no

t w
an

t t
o 

m
is

le
ad

 th
em

 o
r 

ev
en

 
ac

ci
de

nt
ly

 g
iv

e 
th

em
 th

e 
w

ro
ng

 in
fo

rm
at

io
n.

T
hi

s 
m

ad
e 

it 
a 

lo
t e

as
ie

r 
fo

r 
m

e 
to

 c
on

du
ct

 
m

y 
re

se
ar

ch
 b

ec
au

se
 I

 f
el

t g
oo

d 
ab

ou
t t

he
 

so
ur

ce
s 

I 
w

as
 g

et
tin

g 
th

e 
in

fo
rm

at
io

n 
fr

om
. 

T
he

re
 w

er
e 

vi
su

al
s 

an
d 

co
nt

ac
t i

nf
or

m
at

io
n 

pr
ov

id
ed

 f
or

 f
ur

th
er

 in
qu

ir
y.

 T
hi

s 
m

ad
e 

m
e 

fe
el

 a
t e

as
e 

be
ca

us
e 

I 
w

as
 a

bl
e 

to
 lo

ok
 a

t a
 

ch
ar

t a
nd

 s
ee

 h
ow

 e
ve

ry
th

in
g 

w
or

ke
d.

 I
f 

I 
fe

lt 
lik

e 
I 

ha
d 

a 
qu

es
tio

n 
I 

w
as

 p
ro

vi
de

d 
w

ith
 

co
nt

ac
t i

nf
or

m
at

io
n 

to
 g

et
 m

y 
an

sw
er

.

It
 is

 n
ot

 r
ig

ht
 if

 I
 a

m
 tr

yi
ng

 to
 r

ed
uc

e 
th

e 
ef

fe
ct

s 
of

 a
n 

is
su

e 
be

ca
us

e 
ag

ai
n,

 o
ne

 n
ee

ds
 to

 b
e 

ab
le

 
to

 p
ro

pe
rl

y 
un

de
rs

ta
nd

 s
om

et
hi

ng
 to

 b
e 

ab
le

 to
 

ex
pl

ai
n 

it 
to

 o
th

er
s.

(c
on

tin
ue

d)

14 Tensions on Promoting Social Justice Through STEPWISE Pedagogies…



336

A
tti

tu
de

Sk
ill

s
K

no
w

le
dg

e

A
ct

io
n

I 
fe

el
 s

o 
pr

ou
d 

an
d 

ha
pp

y 
at

 th
is

 ti
m

e.
 I

n 
fa

ct
, 

bo
th

 m
y 

pa
rt

ne
r 

an
d 

I 
ar

e 
ex

tr
em

el
y 

pl
ea

se
d 

w
ith

 o
ut

 a
ct

io
n.

 W
e 

w
an

te
d 

to
 g

et
 th

e 
m

es
sa

ge
 o

f 
co

ns
um

er
is

m
 o

ut
 th

er
e 

an
d 

w
e 

w
an

te
d 

pe
op

le
 to

 s
ta

rt
 d

oi
ng

 s
m

al
l t

hi
ng

s 
th

at
 

w
ill

 le
ad

 to
 b

ig
 c

ha
ng

es
. T

hr
ou

gh
 th

e 
R

ec
yc

le
 

M
y 

C
el

l s
ch

oo
l c

ha
lle

ng
e 

m
y 

pa
rt

ne
r 

an
d 

I 
he

ld
 a

t o
ur

 s
ch

oo
l, 

w
e 

go
t t

he
 s

tu
de

nt
s 

an
d 

st
af

f 
of

 o
ur

 s
ch

oo
l t

o 
un

de
rs

ta
nd

 th
e 

ha
rm

fu
l 

ef
fe

ct
s 

of
 e

-w
as

te
. I

n 
fa

ct
, w

e 
ev

en
 g

ot
 th

em
 

to
 b

ri
ng

 in
 th

ei
r 

ol
d 

ch
ar

ge
rs

, c
el

l p
ho

ne
s 

an
d 

ot
he

r 
e-

w
as

te
 in

to
 r

oo
m

 3
04

 to
 p

ut
 th

em
 in

 a
 

bo
x.

 W
e 

w
ill

 s
en

d 
th

is
 b

ox
 to

 R
ec

yc
le

 M
y 

C
el

l t
hi

s 
M

on
da

y.
 A

lth
ou

gh
, w

e 
m

ay
 n

ot
 w

in
 

th
e 

sc
ho

ol
 c

ha
lle

ng
e,

 I
 a

m
 h

ap
py

 th
at

 n
ow

 s
o 

m
an

y 
pe

op
le

 a
re

 a
w

ar
e 

of
 th

e 
ef

fe
ct

s 
of

 
co

ns
um

er
is

m
 a

nd
 a

re
 w

ill
in

g 
to

 ta
ke

 a
ct

io
n 

ag
ai

ns
t i

t b
y 

re
cy

cl
in

g 
th

ei
r 

e-
w

as
te

.

T
he

re
 w

er
e 

a 
lo

t o
f 

sk
ill

s 
in

vo
lv

ed
 in

 th
e 

ac
tio

n 
po

rt
io

n 
of

 o
ur

 p
ro

je
ct

. W
e 

ne
ed

ed
 to

 b
e 

cl
ea

r 
an

d 
co

nfi
de

nt
 w

ith
 th

e 
in

fo
rm

at
io

n 
w

e 
w

er
e 

de
liv

er
in

g 
to

 o
th

er
s.

 W
e 

ha
d 

to
 ta

ke
 in

iti
at

iv
e 

to
 

co
nd

uc
t o

ur
 a

ct
io

n 
po

rt
io

n 
in

 o
ur

 s
ch

oo
l.

In
 o

rd
er

 to
 s

uc
ce

ss
fu

lly
 c

on
du

ct
 m

ya
ct

io
n 

I 
ne

ed
ed

 to
 fi

nd
 a

 n
ew

 a
nd

 c
re

at
iv

e 
w

ay
 to

 
en

ga
ge

 m
y 

au
di

en
ce

 a
nd

 g
et

 th
em

 to
 

pa
rt

ic
ip

at
e.

 W
hi

le
 I

 w
as

 lo
ok

in
g 

th
ro

ug
h 

R
ec

yc
le

 M
y 

C
el

l’s
 w

eb
si

te
, I

 f
ou

nd
 a

 s
ch

oo
l 

ch
al

le
ng

e 
an

d 
re

gi
st

er
ed

 f
or

 it
 r

ig
ht

 a
w

ay
 

af
te

r 
co

nfi
rm

in
g 

w
ith

 M
r. 

Z
or

as
 if

 th
is

 w
ou

ld
 

be
 a

lr
ig

ht
. W

e 
se

t u
p 

a 
te

m
po

ra
ry

 b
ox

 in
 o

ur
 

ho
m

e 
fo

rm
 c

la
ss

ro
om

 w
hi

le
 w

e 
w

ai
te

d 
fo

r 
th

e 
co

ol
 d

es
ig

na
te

d 
bo

x 
to

 a
rr

iv
e 

in
 th

e 
m

ai
l. 

W
e 

ke
pt

 o
n 

an
no

un
ci

ng
 th

e 
ch

al
le

ng
e 

ov
er

 
th

e 
m

or
ni

ng
 a

nn
ou

nc
em

en
ts

 to
 r

ea
lly

 g
et

 o
ur

 
m

es
sa

ge
 a

cr
os

s 
as

 m
uc

h 
as

 w
e 

po
ss

ib
ly

 
co

ul
d.

 T
he

 5
00

$ 
pr

iz
e 

fo
r 

ou
r 

sc
ho

ol
 s

ee
m

ed
 

lik
e 

th
e 

m
ot

iv
at

io
n 

th
at

 e
ve

ry
on

e 
ne

ed
ed

. 
E

ve
n 

th
ou

gh
 th

er
e 

w
as

 a
 p

ri
ze

 in
vo

lv
ed

, 
m

os
t p

eo
pl

e 
w

er
e 

ju
st

 h
ap

py
 to

 h
av

e 
a 

pl
ac

e 
w

he
re

 th
ey

 w
er

e 
ab

le
 to

 g
iv

e 
aw

ay
 th

e 
bu

rd
en

 o
f 

e-
w

as
te

 a
nd

 n
ot

 f
ee

l g
ui

lty
 o

r 
un

su
re

 a
bo

ut
 th

e 
w

ay
 it

 w
ou

ld
 b

e 
“r

ec
yc

le
d”

. 
O

nc
e 

ag
ai

n,
 I

 a
m

 e
xt

re
m

el
y 

pl
ea

se
d 

w
ith

 th
e 

re
su

lts
 o

ur
 a

ct
io

n 
ha

sh
ad

. I
t w

as
 d

efi
ni

te
ly

 a
 

su
cc

es
sf

ul
 m

et
ho

d 
se

ei
ng

 th
at

 m
an

y 
pe

op
le

 
pa

rt
ic

ip
at

ed
 in

 it
 a

nd
 w

e 
ha

ve
 c

ol
le

ct
ed

 o
ve

r 
30

 p
ie

ce
s 

of
 e

-w
as

te
. E

ve
n 

th
ou

gh
 o

ur
 

ch
an

ce
s 

of
 w

in
ni

ng
 th

e 
50

0$
 a

re
 s

lim
 to

 
no

ne
, I

 f
ee

l s
at

is
fie

d 
du

e 
to

 th
e 

fa
ct

 th
at

 th
is

 
e-

w
as

te
 w

ill
 b

e 
re

cy
cl

ed
 p

ro
pe

rl
y.

A
 h

ug
e 

th
an

k 
yo

u 
to

 M
r. 

Z
or

as
 w

ho
 h

el
pe

d 
an

d 
su

pp
or

te
d 

m
y 

pa
rt

ne
r 

an
d 

I 
a 

gr
ea

t d
ea

l 
th

ro
ug

ho
ut

 th
e 

co
ur

se
 o

f 
ou

r 
ac

tio
n.

 W
ith

ou
t h

im
 

ou
r 

ac
tio

n 
w

ou
ld

 n
ot

 h
av

e 
be

en
 p

os
si

bl
e.

T
hi

s 
is

 ju
st

 o
ne

 s
ki

ll 
th

at
 w

e 
re

qu
ir

ed
, W

e 
al

so
 

ne
ed

ed
 to

 b
e 

pa
tie

nt
 a

nd
 c

al
m

 w
ith

 p
eo

pl
e 

w
ho

 
di

d 
no

t q
ui

te
 u

nd
er

st
an

d 
ou

r 
pr

oj
ec

t a
nd

 th
e 

po
in

t o
f 

it.
 T

he
re

 a
re

 s
ev

er
al

 o
th

er
 s

ki
lls

 th
at

 I
 

ha
ve

 m
en

tio
ne

d 
in

 m
y 

ea
rl

ie
r 

jo
ur

na
l e

nt
ri

es
 th

at
 

w
er

e 
us

ed
 a

nd
 c

ru
ci

al
ly

 n
ee

de
d 

to
 ta

ke
 a

ct
io

n.
 

O
ne

 r
eq

ui
re

s 
m

an
y 

sk
ill

s 
to

 c
on

du
ct

 a
 p

ie
ce

 o
f 

ac
tio

n 
as

 la
rg

e 
as

 th
is

 o
ne

.

I 
ha

ve
 h

ad
 s

o 
m

uc
h 

fu
n 

do
in

g 
th

is
 p

ro
je

ct
 a

nd
 

w
ou

ld
 lo

ve
 to

 d
o 

so
m

et
hi

ng
 s

im
ila

r 
to

 th
is

 
on

e 
in

 th
e 

fu
tu

re
,

T
ha

nk
fu

lly
, b

ot
h 

m
y 

pa
rt

ne
r 

an
d 

I 
ha

d 
th

es
e 

sk
ill

s 
an

d 
M

r. 
Z

or
as

 w
as

 a
lw

ay
s 

th
er

e 
fo

r 
us

.

A
pp

en
di

x 
14

.1
 c

on
tin

ue
d

N.T. Ramjewan et al.



337

References

Abd-El-Khalick, F., & Lederman, N. G. (2000). The influence of history of science courses on stu-
dents’ views of nature of science. Journal of Research in Science Teaching, 37(10), 1057–1095.

Allchin, D. (2003). Scientific myth-conceptions. Science Education, 87, 329–351.
Barthes, R., & Lavers, A. (1972). Mythologies. New York: Hill and Wang.
Bencze, J. L. (1995). Towards a more authentic and feasible science curriculum for secondary 

schools (Order No. NN02640). Available from ProQuest Dissertations & Theses Global. 
(304257613). Retrieved from http://search.proquest.com/docview/304257613?accoun
tid=14771

Bencze, J. L. (1996). Correlational studies in school science: Breaking the science-experiment- 
certainty connection. School Science Review, 78(282), 95–101.

Bencze, L., & Alsop, S. (2009, June). Towards communitarian science education: Epistemological 
& ethical arguments. In Paper presented at the 10th biennial conference of the international 
history & philosophy for science teaching group, South Bend, Indiana.

Bencze, L., & Carter, L. (2011). Globalizing students acting for the common good. Journal of 
Research in Science Teaching, 48(6), 648–669.

Bencze, L., Sperling, E., & Carter, L. (2012). Students’ research-informed socioscientific activism: 
Re/visions for a sustainable future. Research in Science Education, 42(1), 129–148.

Bourdieu, P. (1986). The forms of capital. In J. Richardson (Ed.), Handbook of theory and research 
for the sociology of education (pp. 241–258). New York: Greenwood.

Candace, M. (2013, May 30). SAMR in 120 seconds. [Video file]. Retrieved from https://www.
youtube.com/watch?v=us0w823KY0g

Cavagnetto, A. R. (2010). Argument to foster scientific literacy: A review of argument interven-
tions in K-12 science contexts. Review of Educational Research, 80(3), 336–371.

Clough, M. P. (2006). Learners’ responses to the demands of conceptual change: Considerations 
for effective nature of science instruction. Science Education, 18, 463–494.

DeBoer, G. E. (2000). Scientific literacy: Another look at its historical and contemporary meanings 
and its relationship to science education reform. Journal of Research in Science Teaching, 37, 
582–601.

Giroux, H.  A. (2008). Against the terror of neoliberalism: Politics beyond the age of greed. 
Boulder, CO: Paradigm Publishers.

Hodson, D. (1998). Science fiction: The continuing misrepresentation of science in the school cur-
riculum. Curriculum Studies, 6(2), 191–216.

International Baccalaureate. (n.d.a). Creativity, activity, service. Retrieved from http://www.ibo.
org/programmes/diploma-programme/curriculum/creativity-activity-and-service/

International Baccalaureate. (n.d.b). Mission. Retrieved from http://www.ibo.org/en/about-the-ib/
mission/

International Baccalaureate. (2013). IB learner profile. Retrieved from http://www.ibo.org/conten-
tassets/fd82f70643ef4086b7d3f292cc214962/learner-profile-en.pdf

Irwin, A. R. (2000). Historical case studies: Teaching the nature of science in context. Science 
Education, 84, 5–26.

Klopfer, L. E. (1969). The teaching of science and the history of science. Journal of Research in 
Science Teaching, 18, 87–95.

Kolstø, S. D. (2008). Science education for democratic citizenship through the use of the history 
of science. Science & Education, 17(8–9), 977–997.

Law, J. (1992). Notes on the theory of the actor-network: Ordering, strategy, and heterogeneity. 
Systems Practice, 5(4), 379–393.

Matthews, M.  R. (1994). Science teaching: The role of history and philosophy of science. 
New York: Routledge.

Paterson, M. (Producer/Director). (2008). 94/Elements [Motion Picture]. London: PFILM
Peterson, A. D. C. (1972). The International Baccalaureate: An experiment in international educa-

tion. London: G.G. Harrap.

14 Tensions on Promoting Social Justice Through STEPWISE Pedagogies…

http://search.proquest.com/docview/304257613?accountid=14771
http://search.proquest.com/docview/304257613?accountid=14771
https://www.youtube.com/watch?v=us0w823KY0g
https://www.youtube.com/watch?v=us0w823KY0g
http://www.ibo.org/programmes/diploma-programme/curriculum/creativity-activity-and-service/
http://www.ibo.org/programmes/diploma-programme/curriculum/creativity-activity-and-service/
http://www.ibo.org/en/about-the-ib/mission/
http://www.ibo.org/en/about-the-ib/mission/
http://www.ibo.org/contentassets/fd82f70643ef4086b7d3f292cc214962/learner-profile-en.pdf
http://www.ibo.org/contentassets/fd82f70643ef4086b7d3f292cc214962/learner-profile-en.pdf
http://www.imdb.com/company/co0065423?ref_=tt_dt_co


338

Poulsen, F. P. (Producer/Director). (2010). Blood in the mobile [Motion Picture]. Copenhagen, 
Denmark: Koncern TV- og Filmproduktion.

Remillard, J. R. (1978) Knowledge and social control in a multinational context: An analysis of the 
development, content and potential of the International Baccalaureate. Unpublished doctoral 
dissertation, State University of New York, Buffalo

Roberts, S. A. (2009). Supporting English language learners’ development of mathematical lit-
eracy. Democracy and Education, 18(3), 29–36.

Schwartz, R., Lederman, N. G., & Crawford, B. A. (2004). Developing views of nature of science 
in an authentic context: An explicit approach to bridging the gap between nature of science and 
scientific inquiry. Science Education, 88(4), 610–645.

Tarc, P. (2009). What is the ‘International’ in the International Baccalaureate? Three structuring 
tensions in the early years (1962–1973). Journal of Research in International Education, 8(3), 
235–261.

Tarc, P., & Beatty, L. (2012). The emergence of the International Baccalaureate Diploma in 
Ontario: Diffusion, pilot study and prospective research. Canadian Journal of Education, 
35(4), 241–275.

Tatnall, A., & Burgess, S. (2002). Using actor-network theory to research the implementation of 
a BB portal for regional SMEs in Melbourne, Australia. In 15th Bled electronic commerce 
conference-‘eReality: Constructing the eEconomy’, Bled, Slovenia, University of Maribor.

Wang, H. A., & Marsh, D. D. (2002). Science instruction with a humanistic twist: Teachers’ per-
ception and practice in using the history of science in their classrooms. Science & Education, 
11, 169–189. (305561906). Retrieved from http://search.proquest.com/docview/305561906? 
accountid=14771

Zoras, B., & Bencze, L. (2014). Utilizing social media to increase student-led activism on STSE 
issues. In L. Bencze & S. Alsop (Eds.), Activist science & technology education (pp. 435–449). 
Dordrecht, The Netherlands: Springer.

N.T. Ramjewan et al.

http://www.imdb.com/company/co0065423?ref_=tt_dt_co
http://search.proquest.com/docview/305561906?accountid=14771
http://search.proquest.com/docview/305561906?accountid=14771


339© Springer International Publishing AG 2017 
L. Bencze (ed.), Science and Technology Education Promoting Wellbeing for 
Individuals, Societies and Environments, Cultural Studies of Science Education 14, 
DOI 10.1007/978-3-319-55505-8_15

Chapter 15
‘In the Eye of the Hurricane’: Using 
STEPWISE to Address Urgent Socio-political 
Issues in Venezuela

Majd Zouda, Tomo Nishizawa, and Larry Bencze 

15.1  Introduction

Our research began when the second author of this chapter—Tomo—deciding to 
involve her secondary school students in activist science education to address socio-
scientific issues (SSIs). Tomo was a teacher from Japan who had her higher educa-
tion in a Canadian university. At the time of this study, she was working as a biology 
teacher in an affluent, international high-school in Venezuela. Tomo was surfing the 
Web for different approaches to teach activist science when she encountered the 
‘STEPWISE’ website (www.stepwiser.ca) and decided to use its pedagogical 
framework in her teaching. ‘STEPWISE’ is a curricular and pedagogical framework 
that encourages students/citizens to take informed actions to address perceived 
socioscientific problems/issues. The decision to use STEPWISE stemmed from its 
possible application as an alternative approach to conventional school science—
which is argued to limit students’ science literacy and role as critical and activist 
citizens (Bencze & Carter, 2011). A prime goal of this project was to encourage 
students in Tomo’s classes to spend some of their cultural and social capital 
(Bourdieu, 1986) for attempting to improve the wellbeing of individuals, societies 
and environments. However, the types of student activism generated in the particu-
lar social and political context in Venezuela drew our attention to some subtle but 
powerful factors that seemed to affect students’ motivation and perspectives. These 
factors may also shape students’ activism in other contexts. In this chapter, we 
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briefly review the rationale for Tomo’s promotion of student activism and for choos-
ing the STEPWISE pedagogical framework. We also map the social and political 
context in Venezuela in which our research took place. Then we explore actions 
taken by affluent students to educate members of the public about local SSIs of high 
priority for Venezuelan society (e.g., food shortage and insecurity) and factors that 
may have affected students’ perspectives and decisions regarding these actions. 
Finally, we conclude by suggesting rationale for incorporating real life scenarios in 
activist science education, while taking into consideration students’ cultural back-
grounds that may shape their perspectives on change. Challenges and recommenda-
tion for science educators also are included.

15.2  Rationale and Possibilities for Student Activism

On a daily basis, people negotiate their personal decisions. While many factors 
affect their choices, it could be argued that general ‘attitudes to life’ are largely 
shaped by our ontological perspectives. How we perceive elements of life would 
probably determine what we construct with them and our attitudes toward them. 
Science and education are examples of these elements. As science researchers/edu-
cators in this study, we hold an ontological perspective about science as a relatively 
naturalist field (Loving, 1991); that is, that science is a cultural construct that is 
affected by social, economic, political and other factors. Science, as described by 
Latour’s (2005) Actor-Network Theory (ANT), is part of complex networks of 
human, nonhuman and semiotic actants. These networks appear to be dynamic and 
shaped by power relations. Education is also a crucial actant in these networks, and 
an important player in directing science. By placing science within complex social 
and environmental networks, we can better understand the reciprocal relations 
between them. We can also understand possible roles of science education in tack-
ling personal, social and environmental problems associated with fields of science 
and technology.

Although there is much to celebrate about involvement of fields of science and 
technology in societies, people often need to take care in making personal choices 
about using their products. From quitting smoking to voting on public funding for 
space exploration, people refer to science as a main—although not the only (e.g., 
Sadler & Zeidler, 2004)—resort for making decisions. Accordingly, school science 
systems have—over at least the last 45 years (Pedretti & Nazir, 2011)—aimed to 
educate students about relationships among fields of science and technology and 
societies and environments (STSE). Among a range of approaches educators have 
used for STSE education, a prominent tack has been to provide students with con-
troversial data and claims about them (regarding various products of science and 
technology) and encourage them to make personal decisions about them (Levinson, 
2010). There are numerous such socioscientific issues (SSIs) for students to con-
sider—including, for instance, alternative positions and data about uses of fossil 
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fuels vs. various renewal energy forms. In making decisions about such controver-
sies, students need to learn to undertake critical—well-reasoned—analyses of 
 various data sets and claims about them (Levinson, 2010). Such abilities and orien-
tations can prepare them well for making personal decisions in representative 
democracies, which—aside from periodic voting for governing bodies—generally 
involves personal decision-making about, for example, purchases of products and 
services (Wood, 1998). It is apparent, however, that being ‘critical’ must go beyond 
explaining existing norms to examining power relations and changing them 
(Fairclough, 2010). Hence, criticality is more than deciding whether genetically 
modified food, for example, is ‘good’ or ‘bad.’ It seems that citizens must examine 
how powerful agents, discourses, and relations collaborate and/or compete over 
spaces for social transformation (for the better or the worse); perhaps leading to 
needs to act to transform possible injustices (to societies and/or to environments).

While social and environmental injustices associated with SSIs may have been 
occurring for ages, facing them now seems more urgent than ever—at least because 
of the seriousness of problems and their globalized nature. Arguably of most con-
cern is climate change, which has potential to increasingly disrupt lives a millions 
of people and other living things and alter—if not destroy—habitats (e.g., barrier 
reefs) over the next few decades unless immediate actions are taken (Klein, 2014). 
There also are, however, immediate health and social injustices linked to manufac-
tured foods, for instance, that need intense attention in the near future (Weber, 
2009). Although causes of such socioscientific problems are likely complex and 
uncertain, there are concerns that for-profit influences on fields of science and tech-
nology often are involved (Mirowski, 2011). At the same time, in light of actor- 
network theory (ANT), which conceives all living, nonliving and symbolic things 
(‘actants’) as being interconnected, it is difficult to associate culpability with any 
one actant. Nevertheless, under assumptions that fields of science and technology 
are associated, to some extent, with many personal, social and environmental prob-
lems like those outlined above, many scholars and others have recommended that 
school science systems place more emphases on encouraging and enabling students 
(as citizens) to take actions to address problems of their concern/interest (e.g., 
Hodson, 2011). Science education should help citizens perceive themselves as 
responsible and capable of participating in knowledge production, decision making 
and socio-political actions in what would be more participatory forms of democracy 
(Levinson, 2010).

When we advocate for citizens’ participating in relevant knowledge production, 
we do not claim that the lay public can replace experts (e.g., scientists and technolo-
gists) in decision making around SSIs. Continuously emerging technologies, for 
instance, tend to give experts advantages in making decisions—perhaps also giving 
them more insights and possibilities for research and development. However, citi-
zens can become co-investigators and co-producers of knowledge: They can criti-
cally question available information, further investigate them (theoretically and 
practically), produce legitimate knowledge, and participate in related political deci-
sions (e.g., Pouliot, 2015). Public roles in questioning, investigating and producing 
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relevant knowledge is essential for common wellbeing; especially with frequent 
incidences of manipulating science research for benefits of private industries 
(Krimsky, 2003). Therefore, unless citizens become partners in knowledge 
 production, they will continue to hand their voices—such as about SSIs—to the 
relatively small number of experts to make decisions that do not, necessarily, keep 
in mind common wellbeing (Rudolph, 2005).

Along with hoped-for social and environmental benefits, there may be personal 
gains for students, too, through more proactive forms of citizenship. Students’ activ-
ism may help them to develop better understanding of characteristics of the SSIs 
they are studying. While critically examining and investigating certain SSIs, stu-
dents should construct new understandings based on their preconceptions, available 
information and past (and present) experiences, knowledge and skills (among other 
factors). However, these new conceptions are rarely tested. They are seldom chal-
lenged against students’ social realities. Students do not practically experience 
complexities of SSIs, power dynamics that shape them, or possible ‘points of entry’ 
(Fairclough, 2010) for changes. Acting upon SSIs would provide students with pos-
sibilities to ‘falsify’ their new conceptions and adjust them in relation to complexi-
ties of their social realities. It brings these conceptions from abstract levels of 
representation into practicalities of the concrete world (Roth, 2001). As Scott Cook 
and John Seely Brown (1999) argue,

[w]e act within a social and physical world, and since knowing is an aspect of action, it is 
about interaction with that world. When we act, we either give shape to the physical world 
or we affect the social world or both. Thus, ‘knowing’ does not focus on what we possess 
in our heads; it focuses on our interactions with the things of the social and physical world 
(p. 388).

By combining practical with theoretical elements, students get involved in cycles of 
deductive-inductive reasoning, and conceptions are continuously tested and adjusted 
into relatively newer ones. Here, we do not advocate for superiority of ‘scientific’ 
methods or for possibilities to reach particular realities. Rather, we argue that practi-
cal application—such as through activism—should provide essential cognitive 
experiences to learn SSIs from different angles. It also seems worth noting here that 
some forms of student activism, such as service learning, are argued to increase 
students’ understanding of and engagement in subject-matter (Sherrod, 2006). 
Effective activism requires good understanding of topics involved and related 
subject- matter in order to justify and support certain actions and increase their 
effectiveness. For example, learning certain biological concepts, such as genetic 
engineering, DNA replication, or mutation, and their applications and consequences 
is expected for students leading a campaign regarding genetically modified food. 
Hence, students’ socio-political activism is a necessity for individual and collective 
benefits: It allows student involvement in subject-matters, SSIs and democratic life. 
In the complex, interrelated networks of relations, collective societal and environ-
mental benefits are inseparable from individual wellbeing.
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15.3  A Novel Context for STEPWISE

For about a decade, the third author here has been using the ‘STEPWISE’ curricu-
lum and pedagogical framework that he developed in mid-2006 to encourage and 
enable children/youth to critically evaluate fields of science and technology with 
regards to possible harms to wellbeing of individuals, societies and/or environ-
ments. Where they perceive problems, students would usually develop and imple-
ment plans of action to bring about a better world. Most of these efforts have 
occurred in and around Toronto, Canada, where Larry has worked as a science edu-
cation professor since September 1998. When Tomo encountered the STEPWISE 
website, she wrote to Larry, asking if he could help facilitate her development and 
research into effectiveness of teaching/learning strategies. Part of her interest in the 
project stemmed from the fact that she was familiar with curricula in Ontario, the 
site of development of the framework. Larry then asked Majd, first author here, to 
work very closely with Tomo as a democratic facilitator (ultimately, deferring to 
Tomo) of curriculum development and as researcher.

The school in which Tomo was working could be considered an ‘affluent’ private 
school, catering to children of relatively prosperous Venezuelan and international 
families. Many of these families were owners of big businesses. A major attractive 
feature of the school was its provision of International Baccalaureate (IB) pro-
grammes, diplomas from which are recognized—with considerable prestige 
attached to them—around the world. Tomo chose to implement STEPWISE with 
students in her eleventh-grade IB biology course, considering that IB courses typi-
cally involve a student-led project.

Tomo was attracted to a major premise of STEPWISE, positing that students are 
likely to become attached to, and motivated to engage in, socioscientific issues, 
research and actions if they have increasing control over decisions about them. This 
principle is based on knowledge duality theory of Etienne Wenger (1998), who sug-
gested that deep learning and affinities to learning develop when students have sig-
nificant control over reciprocal decisions about translations between ‘phenomena’ 
(e.g., objects and energy) and representations (e.g., drawings, graphs, etc.) of them. 
Through STEPWISE, students are, ultimately, expected to control translations in 
‘research’ (phenomena ➔ representations) and negotiated actions (representations 
➔ phenomena).

Usually, students do not have significant expertise, confidence and motivation for 
self-directing research informed and negotiated action (RiNA) projects to address 
socioscientific issues of interest to them. Therefore, the STEPWISE pedagogical 
schema (Fig. 15.1) encourages teachers to engage students in one or more sets of 
‘apprenticeship’ lessons and student activities until the teacher feels students are 
ready to self-direct projects. Typically, such apprenticeships involve three basic 
phases: (i) with some stimuli by the teacher, students reflect on and express (e.g., 
through writing, talking, etc.) their existing conceptions about socioscientific issues, 
including possible problems and actions to address them; (ii) the teacher actively 
helps students to learn about some different SSIs and research-informed and 
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 negotiated actions people have undertaken to address perceived problems relating to 
them; and, (iii) the teacher facilitates students’ small-scale research and action proj-
ects relating to a SSI of interest to them.

In helping Tomo to develop and implement apprenticeship lessons and students 
activities, it became apparent that at least two major aspects of our suggestions 
about STEPWISE implementation were new to her, as follows: (i) Because students 
(and other citizens) are often unaware of various, often problematic, actants, such as 
government deregulation of businesses, it has been recommended that students be 
encouraged to analyze and evaluate SSIs through construction of actor-network 
maps, which may—particularly through student research and teacher instruction—
lead to awareness of such previously unknown actants (Pierce, 2013); and, (ii) 
Because experiments (forcing changes in independent variables) may lead to prob-
lematic outcomes when studying socioscientific issues, Larry Bencze and Mirjan 
Krstovic (Chapter 7, this volume) recommend students use correlational studies—
in which investigators study relationships between naturally-occurring variables 
(e.g., cigarette smoking vs. cancer rates). With these in mind, Tomo developed and 
implemented two sets of apprenticeship lessons and activities—as outlined just 
below and elaborated later:

Apprenticeship 1: Focusing on Genetically Modified Organisms
• Before introducing the RiNA project assignment, students learned about com-

modities’ life cycles, and some related socio-environmental issues, using The 
Story of Stuff (www.storyofstuff.org) video.

• Tomo then introduced actor-network theory, through teaching students to develop 
mind maps. Students, with the help of Tomo, developed a network map regarding 

Fig. 15.1 STEPWISE pedagogical framework (Bencze & Carter, 2011)
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genetically modified (GM) products and expressed their preconceptions about 
them. The network focused mainly on possible positive and negative effects of 
GM products, and included living and nonliving actants.

• Students then learnt about controversies around GM products using different 
tools, such as the BBC documentary, Playing God, and the TED talk, Waiters, 
there is a gene in my soup! (these and others available on YouTube™). Students 
were also involved in a class debate regarding GM Golden rice (with increased 
Vitamin A production), and developed a more sophisticated actor-network map 
that encompassed different stakeholders, possible relations between them, and 
related semiotic messages.

• Finally, to conduct their first RiNA project, students (in groups) were required to 
pick a GM product of their choice and analyze its life cycle using secondary 
research (e.g., Internet searches) and actor-network theory. Then, with the help 
of Tomo, students conducted primary research—in the form of surveys—and 
developed their socio-political actions on bases of their findings.

Apprenticeship 2: Venezuelan Crisis
• Before the end of the first project, troubles started in different cities in Venezuela 

and students became emotionally and deeply involved in socio-political conflicts 
surrounding them. Maybe one of the most well-known things about Venezuela is 
that it is one of the main oil producing countries in the world and that it depends 
on oil revenue as a main source of national income. It may, however, be surpris-
ing to know that a leading oil producing country, such as Venezuela, is struggling 
from serious economic and social problems, such as scarcity of basic goods, 
electricity shortage, insecurity, and inflation (Cardenas, 2014). These urgent con-
cerns are what Venezuelans were facing when protests burst out in major 
Venezuelan cities, such as Caracas and Maracaibo, in February, 2014. Accusations 
and blame emerged between the Leftist government led by the PSUV (United 
Socialist Party of Venezuela, led by President Maduro) and the opposition—
whose main supporters have been members of the ‘old ruling elites,’ private sec-
tors and, more recently, an increasing percentage of the middle-class (Wilpert, 
2005). On one hand, the opposition argued that the main reasons for these prob-
lems are the government’s socialist reforms (e.g., business nationalization and 
inhibiting private interests), the over-reliance on oil revenue and neglecting eco-
nomic issues in favour of social ones (Cardenas, 2014; Durte et al., 2006). On the 
other hand, the government—which represented the legacy of late president 
Hugo Chavez and gained its legitimacy from support of the working-classes, the 
marginalized and, at different times, the middle-class (Wilpert, 2005)—blames 
the opposition for the current crisis. The government accuses the opposition of 
prioritizing their capitalist interests and intentionally creating problems (e.g., 
basic good scarcity) by hoarding goods, exporting them and manipulating price 
controls (among others) (Ellner, 2013). What the opposition considers as 
‘extreme’ measures (e.g., government expropriation of private property deemed 
to be in the public interest) was viewed by the government as a response to the 
opposition’s and private sector’s maneuvers to avoid governmental regulations 
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(Ellner, 2013). Outbreaks of tensions relating to such differences led us to adjust 
the focus of students’ second project. Students were asked to imagine that they 
are politicians with a strong background in fields of science. They were asked to 
pick and investigate a resource that they thought has potential to improve cur-
rently-divided political/economic/social situations in Venezuela and improve 
wellbeing of individuals, societies and environments. Students would then take 
actions to promote the resource and prepare a presentation to convince the rest of 
the politicians in the government (i.e., their peers) to support their initiative.

• In class, and before getting involved in the project, students brainstormed differ-
ent reasons for the protests in Venezuela. Tomo then used an actor-network 
(Fig. 15.2) to teach students about complexities of one of these issues (i.e., lack 
of basic goods), and emphasized ‘technoscience’ (science and technology co- 
influencing each other; Sismondo, 2008) as an important actant.

• Students then proceeded in their projects; i.e., secondary research, primary 
research, and action.

• For this project, we encouraged students to place themselves and their families, 
in addition to technosciences, as essential actants in network maps.

Fig. 15.2 Actor-network used by Tomo about lack of basic goods in Venezuela
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15.4  Data Collection and Analyses

To study the nature of students’ activism in their specific socio-political context, we 
used qualitative methods. These allow studies of “phenomena in terms of the mean-
ings people bring to them” (Denzin & Lincoln, 2000, p. 3). They provide broad 
spaces for participants to express parts of their entities, and explain how they live 
and perceive these phenomena. The richness of the data allows researchers to better 
understand the cases under study.

For data collection, we used multiple methods to increase the trustworthiness of 
our research. This tack is a form of triangulation, which gives different insights into 
a phenomena (Denzin & Lincoln, 2000). While designing our data collection 
approaches, we considered developing them naturalistically and rationalistically 
(Guba & Lincoln, 2011). While the former allows the emerging of themes and theo-
ries, the latter is more predetermined and aims at examining pre-existing ones. In 
our research, we rationalistically focused on the nature of students’ actions in spe-
cific contexts, and their understandings of complex power-relations in SSIs. 
Naturalistically, we collected data that allowed emergence of unexpected situational 
outcomes, such us the oppositional motifs in students’ actions. Data collected 
includes:

• Projects Work Artefacts: Samples of students’ work (12 students in groups), 
from the two RiNA projects, were collected and examined. These included: SSIs 
descriptions, data collected by students (through primary and secondary 
research), samples of actor-networks, written reports, projects reflections and 
forms of actions (e.g. posters, flyers, videos and Facebook™ and blog pages);

• Projects Instructional Materials: Copies of all Tomo’s instructional and peda-
gogical materials (e.g., handouts, videos, and ANT maps) and Tomo’s reflections 
on her teaching and student learning;

• Digital Recording of Students’ Work: Audio recording of students’ final 
presentations;

• Students’ Questionnaire and Surveys: Seven students volunteered to complete a 
questionnaire at the beginning of the first RiNA project, and 12 students com-
pleted a Slavery (slaveryfootprint.org/) and an Ecological footprints (www.earth-
day.org/) surveys between the two RiNA projects; and

• Semi-structured Interviews: Seven volunteering students were interviewed near 
the beginning of the first RiNA project. Students were interviewed in groups of 
three and four. Each group interview lasted about 60 min (15–20 min/student). 
Three students (out of seven) were also interviewed at the end of the second 
RiNA project. The interview lasted about 15–20 min per student. All interviews 
were audio-recorded and later transcribed.

For data analysis, we used constant comparative methods based on constructivist 
grounded theory (Charmaz, 2014) as our methodological framework. Theories are 
expected to naturalistically emerge from data analysis through interpretation of 
available data, and knowledge is constructed through negotiation of meanings 
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between researchers and participants. By using this method, different key-points in 
the data were coded. Initial codes were then constantly compared for refining and 
development of broader and more abstract categories, and then theoretical themes. 
The emerging themes were then examined by returning back to field work to collect 
further supporting/challenging data. During all these stages, categories and themes 
were continuously negotiated between the three researchers (Wasser & Bresler, 
1996). Rationalistically, we used six indicators of students’ commitment to activ-
ism. These indicators were developed by Larry Bencze, Erin Sperling and Lyn 
Carter (2012), and are: passionate concerns about an issue; clear intention to imple-
ment action; confidence in effectiveness of action; student self-efficacy; detailed 
analysis/planning of action; and number and variety of actions.

15.5  Results and Discussion

Our analysis of data collected revealed three main themes regarding the nature of 
students’ socio-political actions on SSIs. In general, students’ actions took educa-
tive forms to inform other citizens about potential problems and possible solutions 
related to certain SSIs. Perhaps more significantly, students’ motivation to imple-
ment these actions was elevated when real life scenarios were integrated in their 
RiNA projects. At the same time, this increased agency for activism seemed to be 
shaped by students’ affluent social class and the general political stance its members 
usually hold; which coloured students’ actions with oppositional motifs. In the fol-
lowing, we discuss in detail these three themes, factors that may contribute to their 
development and their educational significance.

Educative Types of Actions
Throughout the two RiNA projects, students’ forms of actions (e.g., posters, 
Facebook™ pages, YouTube™ videos, etc.) reflected their tendency to educate the 
public about different SSIs—rather than more ‘aggressive’ forms of actions, such as 
lobbying powerbrokers. Their main goals seemed to be to create awareness among 
the public, and to less extent, to encourage participation of the public in developing 
solutions for the issues or taking actions toward them. For example, when reflecting 
on her GMO project, ‘Viki’ wrote:

The issue being faced in the daily markets when buying the product of GMO Rice is not 
knowing exactly what you’re buying. The way my group decided to help this issue was tak-
ing the action of creating awareness poster. The poster consisted specifically of Golden 
Rice. In the poster, my group listed some of the many negative effects of consuming Golden 
Rice with a title in big words of “Are You Aware?”

Working in another group, ‘Mariana’ was concerned about the lack of public aware-
ness regarding clothes containing GM cotton (a conclusion that she reached from 
surveying different students at her school). Her research-informed and negotiated 
action aimed at creating more public awareness and encouraging members of the 
public to make a change. In her reflection she wrote:
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After our survey, I noticed that I wasn’t the only person that didn’t know much about where 
my clothes come from…. This made me want to do something to inform people about the 
situations the workers labor in [sweatshops], and this is why I made the poster below with 
some facts about our clothes to hopefully inform people about everything….because I know 
if I had known that when I bought the only item I have from them [Abercrombie] I wouldn’t 
have bought it, and so would many people I believe.

Below her reflection appeared a photo of her informative poster with some sugges-
tions to the public to take actions against manufacturers and stores that carry GM 
clothes, Fig. 15.3.

Students’ tendency toward educating the public and/or making personal improve-
ments can be read in different, yet interrelated, ways. It is argued that schools should 
provide students with the tools to succeed in a ‘culture of power,’ teaching them its 
implicit and explicit rules (Delpit, 1988). However, as discussed earlier, dominant 
classroom SSI education practices limit students to discussion and personal deci-
sion making (Levinson, 2010). Taking transformative political actions is a tool to be 
learnt; it is a ‘capital’ that not too many students seem to be able to access. Hence, 
common practices in schools (i.e., debating and taking personal decisions) become 
students’ guidelines and tools to act, and students may feel comfortable and confi-
dent in ‘spreading the word’ and convincing the public with what they know/need 
to know. This is not to ignore the easiness of creating a poster or a page on the social 
media, which may also direct students’ choices about the types of their actions.

Another factor that may direct students’ choices about what should be done 
seems to be their confidence in the effectiveness of their actions and its effect on 
their commitment to these actions (Bencze et  al., 2012). Students may feel that 
educating the public is more effective and can evoke more tangible results than 
addressing people in power or decision-makers. Students may not perceive them-
selves as powerful agents in the decision-making process and, so, tend to gain more 
public support rather than acting individually. In other words, by educating the 

Fig. 15.3 Poster created by a student to educate and evoke public action
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 public, they implicitly attempt to create a ‘collective identity’ (Melucci, Keane & 
Mier, 1989): Shared interests and goals that can be used for further actions. The 
‘Likes’ on their Facebook™ pages, or the ‘followers’ on their Twitter™ accounts 
may give students the impression that their actions are effective and that other peo-
ple share their concerns and goals. Placing posters around the school/city to reach a 
lot of people may appear more effective than addressing an official in the govern-
ment; particularly when considering the social class of our participants and their 
distrust of the government.

Having the tools for actions, as well as the confidence in the ability to act and the 
effectiveness of the actions, seem to be major factors in students’ tendencies to 
educate others.

Increasing Agency for Activism in Real-Life Situations During the first RiNA 
project, students were involved in creative educative actions. However, their agency 
and motivation to implement ‘effective’ actions seemed to be more significant in the 
second project. When issues directly threatening people’s lives (e.g., their consump-
tion of basic goods or insecurity, etc.) were addressed in the second RiNA project, 
many students challenged their anxiety and fear of insecurity and headed toward 
public places to distribute handouts, surveys and flyers (e.g., Fig. 15.4) to educate 
the public and encourage their participation in finding solutions. This feverish pub-
lic interaction occurred, despite the fact that some students had earlier declared that 
insecurity had restricted their social activities and recreations to spend their time in 
their friends’ houses.

We argued earlier that students should have a leading role in research and deci-
sion making. In our projects, this usually begins by choosing the issues they want to 
investigate (which should be related to the unit they are studying). The freedom of 
choice usually ensures students’ interests in their research and their willingness to 
act. However, when real-life scenarios were incorporated in students’ research, their 
concerns were temporally and spatially located in their immediate milieu. The 
blackout, lack of basic goods, or insecurities were directly experienced by these 
students. The close proximity of these issues seemed to increase their urgency and, 
consequently, students’ passionate concerns about them. For example, in response 
to an interview question about the second RiNA project, ‘Fiona’ said: “I really liked 
it because I’m experiencing these problems today. So, I think this was a very inter-
esting project…. [I]t’s my country and its problems that we face every day.” Having 
passionate concerns about SSIs is argued to increase students’ commitment to activ-
ism (Bencze et  al., 2012); which, in our research, has translated into increased 
agency to act.

From a pedagogical perspective, two strategies (in the second RiNA project) may 
have contributed to passionate involvement of students in these real-life situations. 
The first strategy is asking students to place themselves and their families as actants 
in their SSI actor-network maps. For example, before developing and publicly dis-
tributing the handout in Fig. 15.4, students produced an actor-network map showing 
how their family members were affected by food shortages (Figs. 15.5a and 15.5b).
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By asking students to place themselves as actants in their SSI-network maps, it 
appeared that we drew their attention to their personal stakes in these issues. Their 
personal interests became part of the larger societal wellbeing. Realization that 
improvements to wellbeing of others may lead to improvements in their own lives 
(Lehrer, 2001) seems to have motivated students to take ‘effective’ actions to 
address these issues.

The second strategy we used was emphasizing technoscience as a main actant in 
these socio-political issues, and designing a solution-oriented RiNA project. It is 
argued that when approaching a pressing socio-political problem, the implicit/
explicit role of science should always be examined (Simonneaux & Legardez, 
2010). This is a necessity regarding leading roles of fields of technoscience in 
today’s world and complex relations they have with diverse actants in any societal 

Fig. 15.4 Handout distributed by a group of students to the public. Translation: Tired of all the 
queues?…. Problem of [goods] scarcity affect all Venezuelans. For that we shall all work together 
to solve it. The Solution for scarcity is by investing in the field of science and agriculture, especially 
agricultural technology to increase national production. If you want to share your solution, join us 
on Facebook…
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network. We emphasized this point in the second RiNA project because these rela-
tions are less explicit in some socio-political problems and can easily pass unno-
ticed. For example, when examining scientific issues, such as GM products, 
technoscience seems a default key player; the same presupposition cannot be 
assumed in issues like insecurity or food shortage. Therefore, we explicitly asked 
students to include science and/or engineering in their actor-network maps. As a 
result, some students developed new perspectives about possible roles of 

Fig. 15.5a Actor-network map including students & their families as actants

Fig. 15.5b Close captions on students’ involvement as actants
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 technoscience in ‘solving’ socio-political issues. For example, during her second 
interview, and when asked how the second RiNA project may have changed her 
views about the Venezuelan conflict and the world, ‘Lisa’ said: “I thought that it was 
only related to politics and things like that and issues that happen in Venezuela, but 
through the project I was able to see also that science is one way to solve the prob-
lem [Food shortage] that we have right now.” This new conception of the role of 
technoscience in their socio-political problems, and the tangible possibilities of 
finding solutions, may have increased students’ confidence in the effectiveness of 
their actions and empowered them to act rather than feeling helpless. Believing that 
there is something that can be achieved, may have encouraged some of these stu-
dents to enthusiastically apply their actions.

It is important to note that, at the beginning of the second RiNA project, most 
students struggled in connecting technoscience to the socio-political problems in 
Venezuela, and some of them continued to have vague understanding about it. 
Arguably, through science education, students are usually accustomed to examine 
technoscience products/services and how they affect the larger society; however, 
they rarely address an existing socio-political problem and investigate the underpin-
ning roles of technoscience. Perceiving hidden roles of technoscience seems to be 
challenging for many students. Another important point to discuss here is that those 
who successfully developed a clearer perspective about possible relations between 
technoscience and socio-political issues viewed this relation in a positive way and 
mainly perceived technoscience as a part of the solution. This could be due to the 
solution-oriented way we structured the second RiNA project. While developing 
solutions seems to have encouraged students to act, it may have de-problematized 
technoscience; a point that should be challenged and taken into consideration when 
conducting similar types of projects.

Overall, increased agency for activism during the second RiNA project seems to 
be a result of many factors: Perceiving the personal stakes in urgent, immediate 
problems, and feeling capable of making a change.

Political Types of Actions Although most students in our study seemed to develop 
better and broader understanding about complexities of problems they face in 
Venezuela—especially by using actor-network maps—their emotional involvement 
and political resentment to the government did not seem to be affected and, indeed, 
tended to strongly-influence their actions. For example, when answering a question 
about how the second RiNA project changed her understanding, emotions, and 
views about the world, ‘Fiona’ said:

The project changed my understanding but not my emotion…. Because at first I believed 
that it was only the government’s fault of the food shortages, but after doing the project we 
learned that there are the hoarders and they are a huge cause of the problem and also we 
learnt that … there [are] other major stakeholders. But my emotional understanding didn’t 
change because I still resent the government. I think it’s all the government fault. Even 
when the hoarders have a lot to do with it I think if the government had done something 
about it then hoarders wouldn’t be doing what they are doing now…
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And when asked what features of the project brought these changes, she said:

I think the secondary and the primary research because in the secondary research first of all, 
you got to know about all the stakeholders and everyone who is positively or negatively 
affected. First, I thought the government is positively affected from food shortage but they 
are not. They are negatively affected because they lose more money. Because there is no 
food, so they have to buy the food from other places. And in the primary research we got to 
survey people from different ages and genders and we saw the overall picture that all of us 
have these problems and all of us face them every day.

A basic premise of STEPWISE is that students/citizens may be willing to ‘spend’ 
at least some of their cultural capital (Bourdieu, 1986) (e.g., science literacy) to 
benefit other living and nonliving things. As members of affluent classes (and busi-
ness owners) that have been negatively-affected by the government’s ‘socialist’ pro-
cedures (Ellner, 2013; Wilpert, 2005); however, with at least one parent telling his 
child (in this class) that he is afraid to continue production for the fear of having his 
business nationalized, these students seem to hold strong oppositional stances and 
tended to emphasize them in their actions (in spite of the neutral political position 
held and stressed by their school). For example, Fig. 15.6a shows an oppositional 
comic posted on students’ Facebook™ page as part of their action, and Fig. 15.6b 
shows an actor-network map (developed by a different group) with oppositional 
motifs.

Broadly, therefore, it seems that through the second RiNA project students 
started to see societal wellbeing as directly related to their own, personal wellbeing 
(a perception that tended to increase their agency for activism). Nevertheless, their 
views about this societal wellbeing seemed also to be shaped by their social class 
and the political stance they hold. The sincerity of students’ concerns and their 
genuine desire to make a change is not questionable. However, students tended to 
perceive the prosperity of their society in ways that may guarantee their status quo.

Fig. 15.6a Oppositional 
comic posted on students’ 
Facebook Page. 
Translation: Maduro [The 
President]: “The 
newspapers exaggerate the 
little problems of the 
country”
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15.6  Conclusion and Recommendations

Overall, our findings suggest that, when involving students in research-informed 
and negotiated actions to address SSIs, teachers can integrate tangible real-life sce-
narios. Such contexts allow students to be personally and emotionally involved in 
SSIs, especially when students perceive themselves as significant stakeholders. This 
may motivate them to take actions beyond the expected. However, the motivation of 
students to act for societal wellbeing may also be greatly shaped by their cultural 
backgrounds (e.g., social class, political stance, religious beliefs, etc.), which tend 
to determine their conceptions of societal wellbeing. It is well argued that people 
rely on different factors, such as their emotions, intuition, personal experience, and 
family biases (among others) when making decisions about SSIs (Sadler & Zeidler, 
2004). Our participants negotiated some of these factors when developing their 
actions. They aimed at a societal wellbeing that maintains their class interests.

As educators involved in activist science education, we are faced with some chal-
lenges: First, how do we present different SSIs as urgent real-life ones, and bring 
them to immediate concerns of students. Drawing attention to personal stakes using 
actor-network maps does appear to be an effective method. However, other pedago-
gies should be developed to motivate students’ activism. Second, as ‘scientific’ rea-
soning is not the only factor that drives students’ actions, new pedagogies should 
also be developed to incorporate, measure and challenge the other factors in play. 

Fig. 15.6b Actor-network map with oppositional motifs
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It is also important to consider how to manage a balance regarding the role of tech-
noscience in socio-political issues. Students may struggle in connecting technosci-
ence to socio-political issues; nevertheless, comprehending this relation may 
encourage them to search for possible solutions rather than feeling helpless. At the 
same time, the relation between technoscience and socio-political issues should also 
be continuously challenged and problematized to avoid being trapped in the norma-
tive positive perspective of technoscience.

Finally, as argued earlier, the role of schools includes equipping students with 
tools to succeed in and challenge the culture of power (Delpit, 1988). Hence, activ-
ism in its various forms should be part of school curricula, and examining power- 
relation in SSIs should be a ‘point-of-entry’ for that purpose.
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Chapter 16
Science for Citizenship: Using Prezi™ 
for Education About Critical Socio-scientific 
Issues

Darren Hoeg, Alexander DiGiacomo, Sarah El Halwany, Mirjan Kirstovic, 
Christina Phillips-MacNeil, Minja Milanovic, Tomo Nishizawa, Majd Zouda, 
and Larry Bencze 

On the local news last night (August 31, 2015) citizens of Toronto were informed 
that much of the downtown core was closed to the public because the spire of the 
new Trump Hotel was loose, and may fall to the street. The incident stopped com-
merce, tourism, and citizen use of one of the busiest and most important parts of 
Toronto for a full day, as the hotel engineers examined the problem. Many late night 
variety shows in the USA made light of the issue, suggesting Donald Trump, a 
Republican candidate for the US presidential election, had the power to shut down 
Toronto. For Toronto citizens, however, this was no laughing matter. This same 
building shed dozens of panels of glass to the street on more than one occasion, 
closing the same busy section of Toronto. Donald Trump Jr., executive vice- president 
of the Trump Organization, told Reuters that one piece of broken glass doesn’t 
“speak to the rest of the building” (www.theglobeandmail.com/news/toronto/glass- 
falls- from-trump-tower/article5306888/). Yet the growing laundry list of problems 
with the tower suggests otherwise. These incidents adversely affect the daily life of 
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citizens of Toronto, and raise questions about policies and regulations that allow 
apparently substandard construction to take place. The effects of buildings such as 
the Trump Hotel to our common environment emphasises needs for citizen involve-
ment in decisions about how our environment should be used, and who should be 
held accountable for detrimental environmental and social impacts of its misuse.

The Trump Hotel issue can be seen as an example of a Socioscientific issue (SSI) 
(Zeidler, Sadler, Simmons & Howe, 2005). SSIs can be described as social and 
environmental issues connected to the products and practices of science and tech-
nology. Controversies surrounding climate change, effects of food and drugs on 
human health, and industrial pollution are examples of SSIs. The ongoing problems 
with the Trump Tower can also be described as a citizen issue connected to products 
and practices of science, technology, engineering and mathematics (STEM). STEM 
is a science educational reform movement that is generally rationalised by seeing 
merit in integrating science with related disciplines of technology, engineering, and 
mathematics. The value of these reforms, claims some proponents (e g., Rennie, 
Venville & Wallace, 2012), is that this integration will make science more engaging, 
accessible to students, and more contemporaneously relevant to the increasingly 
science and technology oriented society in which we live, resulting in more perti-
nent science literacy for citizens. A second, but perhaps more influential rationalisa-
tion, is that STEM education is needed to prepare students for science and technology 
related jobs that are seen as the basis of the future economy (Pierce, 2013).

When viewed as an issue of citizenship, the Trump Hotel incident is an example 
of what many scholars (e.g., Gough, 2015) have reported as lacking in STEM edu-
cation—an emphasis on the ethical and moral dimension of STEM knowledge and 
practice, and how these might be utilized by citizens in order to understand, and take 
action on, social issues that affect the communities and environments in which they 
live. In this chapter, we present a preliminary study in which we evaluated science 
students’ experiences using the multi-media platform Prezi™, which presented 
information on various consumer-based commodities. We use this as context for 
discussion of the research team’s thoughts on how Prezi™ might be used in science 
education designed to engage students in social action on SSIs.

16.1  Citizenship and Science Education

Citizenship has been a contested notion. Thomas Marshall (1998) frames citizen-
ship as a nationally bounded set of universal legal and social rights and duties evolv-
ing out of the emerging historical and socioeconomic developments of post-war 
Keynesian states. Yet, as Bryan Turner (2001) suggests, a citizen within Marshall’s 
progressive narrative is imagined largely as a passive recipient of rights rather than 
as an active political subject. Zygmunt Bauman (2001), Wendy Brown (2005) and 
Henry Giroux (2008) have analyzed the ‘hollowing out’ of civic life and subsequent 
colonization of citizenship by economic, market-based rationalities and practices. 
This conception of citizenship prioritizes individuals who strategize for themselves 
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among various social, political and economic options, rather than striving with oth-
ers to alter or organize these options to benefit the whole. Concurrent with these 
changes, there appear to be decreases in more traditional forms of democratic par-
ticipation and citizenship.

Science education has struggled with issues of citizenship for decades (Calabrese 
Barton, 2012). Sociopolitical absences in past science curricula have limited oppor-
tunity to develop democratic orientations conducive to a citizenry that sees science 
as something they might utilize in the solution to community-based problems 
(Bencze, 2008). There exists a strong emphasis in science education reform that 
advocates for uses of science in ways that are relevant to students’ lives and trans-
formative to their communities (Mueller, Tippins & Bryan, 2012). A common view 
of what democratic citizenship in science education might look like is one in which 
students, teachers and communities work together to use science to understand and 
address community problems, as opposed to inaction or passivity that often charac-
terizes what it means to teach or learn science (Calabrese Barton, 2012).

Contemporary science education faces ethical and moral questions related to citi-
zenship—such as in terms of the extent to which dominant STEM initiatives may 
prepare students for specific types of employment and provide necessary student 
engagement in more socially participatory and community grounded science that 
may be required for social justice and citizenship education (Calabrese Barton, 
2012). The ability to understand and use science is increasingly an everyday part of 
life for the average citizen. Joe Kincheloe, Shirley Steinberg and Deborah Tippins 
(1992) emphasize that teachers, students and parents come to view the “community 
as a mini-laboratory for democratic participation” (p. 223). These are compelling 
reasons to provide for citizenship and social justice considerations in science educa-
tion. Unfortunately, participative forms of science that prepare students for demo-
cratic citizenship appear to be relatively non-existent in schools, and student 
participation (i.e., caring for a community) is tightly mediated by those already with 
authority—those who set up the questions, the tools and the resources for participa-
tion (Calabrese Barton, 2012). Angela Calabrese Barton (2012), among others, notes 
that place ought to serve as context for, subject of, and driving relationship framing 
the doing of science. Yet, teachers and students are rarely asked to identify with 
place (local environment/community) as a part of teaching and learning science.

Science education connected to citizenship, in the form of SSIs education, has 
existed for about 45 years (Pedretti & Nazir, 2011). SSI education can be a frame-
work for development of skills and knowledge related to uses of science for demo-
cratic citizenship, yet this ideal is infrequently achieved (Levinson, 2010). Instead, 
SSIs education is often an afterthought, if there is enough time, after knowledge and 
theories, products of traditional science, are taught (Hodson, 2009). Pressure to pre-
pare students for exams and assessment, appears to limit potential for leveraging 
political aspirations of students in actual decision making or advocating for social 
change related to SSIs (Activism) (Bencze & Alsop, 2014). An alternative for citi-
zenship education incorporating SSIs is STEPWISE (www.stepwiser.ca). 
STEPWISE is a pedagogical framework that, among other things, encourages and 
enables students to self-direct primary (e.g., experiments) and secondary (e.g., 
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internet searches) research to help inform their decisions about SSIs and take action 
to address problems they perceive.

As illustrated in Fig.  16.1, the framework recommends that teachers provide 
‘apprenticeship’ lessons and activities to help students to develop expertise and con-
fidence to eventually self-direct research-informed and negotiated action (RiNA) 
projects to address SSIs of interest to them. These experiences may result in stu-
dents learning about various stakeholders and entities (‘actants’) connected to SSIs 
under investigation, many of which (e.g., corporations, transnational trade agree-
ments) often are not included in science education. This can be democratizing, 
because of the rich, perhaps more realistic, representations of issues they might 
provide (Pierce, 2013).

After nearly a decade of research, we have concluded that affective engagement 
with SSIs, resulting in taking actions, may develop if students have leading roles in 
determining personal relevance and roles in relationships associated with these 
issues, which can provide motivation to conduct primary and secondary research 
(e.g., Hoeg & Bencze, 2015). One of the challenges of engaging students in learning 
about SSIs is the elusive and hidden nature of the relationships between the stake-
holders involved. The idea that relationships between stakeholders (actants) occurs 
through interconnected networks is a central tenet of actor-network theory (ANT) 
(Latour, 2005). ANT can be described as ‘material-semiotic,’ meaning it considers 

Fig. 16.1 STEPWISE educational framework
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both material (people, groups, non-living material) and symbolic (e.g., the social 
meaning of luxury items) actants in a network, and how these come together to act 
as a whole. Through ANT, students may come to understand the world as one of a 
network, in which they and their consumer based-choices are linked to numerous 
other actants that influence these choices. Students’ recognition of networks associ-
ated with the SSIs, and their role as actants within these networks, appears to be 
important to their development of socio-political (activist) orientations and actions 
(Watts, Williams & Jaggers, 2003). Yet, these networks are often difficult for stu-
dents to see. Powerful actants, such as the producer of a cellular phone, act to align 
other actants toward certain ends, such as making the phone desirable to citizens. 
Actants are not always living; they can be non-living and semiotic (signs, symbols, 
language, memes). This positive-toned chorus enchants consumers, both implicitly 
and explicitly, about the necessity of having the latest cell phone, creating symbolic 
value beyond the phone’s utilitarian purposes. Indeed, many of the actors involved 
in the production-consumption of the phone are immaterial, invisible or, purposely 
hidden from view, so that the phone itself becomes the actant that represents a much 
more complex network about which the average consumer is not aware. This is a 
phenomenon of actor-networks that Latour (2005) terms ‘punctualisation’.

Educating students about the networks associated with SSI’s, particularly so that 
they may be ‘de-punctualised’ should be, we suggest, one of the most important 
aims of SSIs education. We have found that explicit teaching of ANT to help stu-
dents conceptualise relationships associated with SSIs is particularly effective in 
their development of socio-political orientations (Bencze & Krstovic, 2013a, 
2013b).

16.2  Teaching Socioscientific Issues

SSIs are often taught through various forms of visual media, such as videos, 
PowerPoint™ slides, and case studies. These media are effective because they are 
cognitively appealing to students (Fleming, 1995). According to a cognitive 
approach to learning, there are a number of learning ‘styles,’ but three types are 
dominant in classrooms: auditory, visual and kinaesthetic (Ahola, 2004). Videos 
and electronic slideshows are visual and auditory media; case studies are visual and 
possibly kinesthetic. Yet none of these media engage all three learning styles simul-
taneously. These media also often portray a single perspective or point of view, and 
present topics in a linear fashion (Zukerman, 1999). These features can diminish the 
complexity and diffuse nature of the actants associated with SSIs. Criticisms of 
PowerPoint™, in particular, have increased in the past decade. Edward Tufte (2003), 
for example, argues that PowerPoint™ slides lead to over-reliance on a hierarchy of 
ideas, over-simplification, and linear thinking on part of the presenter and audience. 
In surveying classes with and without PowerPoint™ lectures, Dale Cyphert (2004) 
and Karl Kunkel (2004) found that there was no significant difference in student 
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performance or understanding of material. These studies claim that PowerPoint™ 
usage stifled pedagogical creativity and led to poorer audience engagement.

Another issue is that videos, PowerPoint™, and case studies represent forms of 
media that may not be well suited to mental processing abilities of current school- 
aged students, a group often termed digital natives. The term ‘digital natives’ was 
first proposed by Marc Prensky (2001) to represent a generation of people born after 
1980 who are immersed in digital technologies and therefore learn differently from 
previous generations of people. According to Prensky, digital natives reproduce a 
culture of connectivity and online creating and sharing. They have ‘e-lives’ that 
revolve around the Internet, where they access information and interact with others, 
for example blogging, playing online games, downloading music, purchasing and 
selling online and socialising via social media networks. Digital natives are active 
experiential learners who like receiving information quickly, are multi-taskers and 
parallel processers and prefer graphics over texts.

Alternatives to PowerPoint™ and other more linear representations of informa-
tion have been sought that better appeal to contemporary students (Conboy, Fletcher, 
Russell &Wilson, 2012). One of these is Prezi™. Prezi™ is a free, cloud-based 
online visual presentation tool launched in 2009 that allows the audience to interact 
with its content by moving around and zooming in and out on a large canvas con-
tained in separate cells, any number of which can be created (Fransson & Holmberg, 
2012). Each cell can contain various forms of media, such as videos, text, and pic-
tures, which can effectively represent one actor of an SSI network, not connected to 
others. Prezi™ is thought to be more engaging to digital natives due to its ‘net-
worked’ capability and non-linear representation of information (Ng, 2012). Studies 
of Prezi™ are limited, although it has been reported, for instance, that its effective-
ness is influenced by instructor style (Conboy et al., 2012). Others suggest a need 
for teachers skilled in using the software, and adequate preparation for classroom 
use, to optimize Prezi™ effectiveness (Virtanen, Myllärniemi & Wallander (2012).

Prezi™ has some apparent advantages over other forms of media used to explore 
SSIs; its non-linear presentation of information, and the discursive feature of sepa-
rate and independent cells, may make it more suitable to encourage the viewer to 
self-determine SSI relationships, controversies, personal contributions, and deci-
sions, so that exploration of the Prezi™ may be an open-ended, inductive experi-
ence (Lawson, 2005). At the same time, the Prezi™ identifies actants in SSI 
networks, and provides information about them, which may not be obvious to stu-
dents, and may in fact be hidden (e.g., child labor workforce making cell phones); 
so, the learning experience is also instructive, or deductive (Lawson, 2005). The 
personal relevance established by such experiences can motivate secondary and 
eventually primary research that fuels RiNA (Hoeg & Bencze, 2014).

D. Hoeg et al.



365

16.3  Research Methods and Context

The research reported here is based on an exploration of the use of Prezi™ to teach 
students about actor-networks associated with SSIs. This falls within the larger 
STEPWISE rationale of the need to develop democratic citizenship orientations and 
actions in students—ideally, forms of activism toward critical SSIs that are relevant 
to students and their communities. The initial phase of this project involved devel-
opment of several ‘multi-actant documentaries’ (MADs) on Prezi™ platforms by 
members of the research team. Given the personalised and variable ways a Prezi™ 
can be created, specific criteria were provided for this construction, which included:

• The focus is on SSIs/STEM issues that are pertinent to students;
• Inclusion of actants that may not be obvious or well known by students;
• Content of each cell was to be a representation, but certainly not a full represen-

tation of individual actants;
• Each cell was a ‘teaser’, but aimed to give some semblance of the individual 

actants;
• Each cell contained mixed media; at a minimum, words and pictures. However, 

they could also include videos, links to other sites, etc.;
• There were to be no connections shown between actants (yet, at the same time, 

not to mislead students in terms of the networked nature of every cell—actants 
were not to appear as a single, unconnected point).

• The overall focus was on the issue—although the issues themselves are contro-
versial, conclusions related to the controversy were not provided, and;

• Some positive support for each commodity (e.g. from companies…) was pro-
vided— although the whole presentation was intended to be generally critical of 
the commodity.

With these criteria in mind, thirteen Prezi™ based MADs were created (goo.gl/
tRxwz0), based on the following topics: Cosmetics; Drugs; Fast and Manufactured 
Foods; Smoking; Tattoos; Automobiles; Cell Phones; Coffee; Popular Media; Pets; 
Fashion and Clothing; Fashion Accessories; and, Non-recyclable items. The MADs 
were developed as a way to provide a precise of information about a range of actant 
types (i.e., living, non-living, and semiotic) associated with actor-networks of com-
modities of science and technology/STEM. The MADs were meant to provide ‘de- 
punctualisation,’ an expansion and explication of actor-networks associated with 
the commodity about which students may have previously been unaware. Our view 
was that the MADs could be used to ‘teach’ students about these networks, and so 
they were seen as well-suited to the apprenticeship phases of STEPWISE, which 
typically involves more teacher-directed learning experiences.

We conducted research in two science classrooms. Since 2006, Larry has been 
supporting teachers in efforts to encourage and enable students to conduct RiNA 
projects to address SSIs. Among teachers engaged in this work, Mirjan stands out as 
having considerable successes along these lines (e.g., Krstovic, 2014). Mirjan 
Krstovic (author #4, here), a secondary school teacher of science with 8 years 
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 teaching experience, had promoted research-informed actions for three previous 
semesters when he decided to explore the use of MADs to teach his tenth-grade 
‘academic’ (for university entrance) science class about SSIs. Tomo Nishizawa 
(author #7, here), the second teacher involved in this study, has been involved in 
STEPWISE since 2013, and has had noticeable success with her students in both 
years. Tomo’s students, in grade 10–11 Biology at an affluent international school 
in Venezuela, have shown more agency to take actions and developed ‘better under-
standing’ of the complexity of STSE issues and the different stakeholders involved 
after education based on STEPWISE. Both teachers continued to use the STEPWISE 
framework depicted in Fig. 16.1 but, for this study, used MADs on fast food, cos-
metics, cell phones, drugs, and automobiles, during the apprenticeship phase of a 
larger RiNA project. Students were instructed that the purpose of the activity was to 
learn about the actor-networks associated with some common commodities.

We collected data from a total of 28 students. Students were asked to complete a 
survey (Appendix B) on their perceptions of the MADs. The purpose of the survey 
was to get some initial feedback on being ‘user-friendly’ and interesting—along 
with the extent to which they enhanced perception of controversies and actor- 
networks associated with SSIs. The survey was based on the following constructs: 
Visual appeal and comprehensibility; clarity of controversy; relevance; clarity of 
relationships (network) between stakeholders (actants), and credibility/reliability of 
information. The survey consisted of a series of statements to which students indi-
cated a level of agreement on a 10 point Likert-scale. In addition, survey questions 
were asked to provide more depth and detail to students’ responses for each con-
struct. Semi-structured interviews were also conducted with Mirjan and Tomo about 
their views on the use of MADS and Prezi™ in the STEPWISE apprenticeship. 
Data describing the evolution of the Prezi™ project is also present in the form of 
statements made by members of the research team during meetings. Data-collection 
and analyses had rationalistic (survey/interview) and naturalistic (research team 
member statements) characteristics (Guba & Lincoln, 1988). The data were coded 
for categories and then developed encompassing themes—using constant compara-
tive methods based on constructivist grounded theory (Charmaz, 2014). Categories 
and themes were then negotiated between us (Wasser & Bresler, 1996).

16.4  Findings

The Prezi™ format appeared to be a welcome addition by Mirjan, Tomo and their 
students to the more typical forms of media that they have used during the appren-
ticeship stage of STEPWISE. Mirjan generally found Prezi™ s to be easy to use, 
engaging, and informative. One thing that stood out to him was that it “really pro-
vided depth and breadth to the issue, it really showed students the complex web of 
people, materials and ideas that make up these problems” (Interview, July, 2015), 
and Tomo stated “The Prezi™, more than other media, really caused a lot more 
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questions to be asked, and these drove students to ask questions about their contri-
bution to SSIs” (Interview, June, 2015).

Table 16.1 shows a summary of data collected from all student surveys. Averages, 
standard deviation, and variance of student scores for each construct were calcu-
lated for each Prezi™. The same data for an individual Prezi™ can be found in 
Appendix A.

Overall, students rated relevancy of information, credibility/reliability of sources, 
comprehensibility of the presentation, and attractiveness of the presentation very 
highly. Students scored controversial nature and clarity of relationship between 
stakeholders relatively lower, although scores were still quite high for these con-
structs. Lower scores for these constructs might be expected, since each Prezi™ was 
designed so as not to define the controversy or relationships between stakeholders. 
These results, in addition to students’ responses to questions related to each con-
struct, are examined further in the following sections.

16.4.1  Appeal and Induction

Overall, students thought Prezi™ was highly comprehensible and visually appeal-
ing. When asked about how easy the media was to use and understand, there was 
strong agreement that each Prezi™ “was very well laid-out and pleasing to the eye. 
It presented a lot of information in an easy to follow Prezi™” (Sarah, survey). One 
advantage of the Prezi™ over some other forms of media is its ability to be viewed 
offline, and developed collaboratively, and it is therefore perhaps better suited to so 
called ‘digital natives’ (Prensky, 2001). Melissa commented “I liked that I could 
bring the Prezi™ home, it gave me more time to think about the issue and where I 
wanted to go with it” (Survey). Their networking ability is one of the reasons 
Prezi™, and other contemporary digital presentation media, such as Google 
Present™, appear to be more engaging than older forms of media such as 
PowerPoint™ (Ng, 2012).

On the other hand, each Prezi™ contains a significant amount of textual data, 
something about which many students were critical. For example, John said “bring 
information that is more visual” (Survey), Susan thought a Prezi™ could be 
improved by “not having slides that are so jumbled with content” (Survey), and 

Table 16.1 Students responses to Prezi™

Prezi features Average score /10 SD Variance

Controversial nature 7.48 2.08 4.33
Relevancy of information 8.37 1.76 3.10
Clarity of relationship between stakeholders 6.94 2.72 7.39
Credibility/reliability of sources 8.48 1.57 2.49
Comprehensibility of presentation 8.71 1.67 2.8
Attractiveness of presentation 8.72 1.83 3.35
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Cirah said “having less words crammed into each slide would make it better” 
(Survey). The amount of information on each Prezi™ was a key point of discussion 
among the research team. The provision of too much knowledge, can ‘lead’ the 
student, resulting in deductive processes such as knowledge acquisition and appli-
cation rather than the perhaps more inductive process of knowledge construction 
(Roth, 2013). Knowledge acquisition as opposed to knowledge construction is cen-
tral in debates about student learning, constructivism and inquiry in general (Bencze 
& Alsop, 2008). The amount of scaffolding to provide students to support inquiry 
without circumventing student ownership and construction of knowledge is a deli-
cate balance with which each teacher must grapple during learning events (Roth, 
2013), depending on what they see as the purpose of MADs-Prezis™.

16.4.2  Credibility, Relevance and Authority

Students generally found each Prezi™ produced to be a credible source of informa-
tion. Credibility seemed to be closely linked to the type of data in the Prezi™, par-
ticularly scientific types of data. For example, when asked about what would make 
the Prezi™ more credible, students commonly expressed they would need to see 
“more detail and statistics” (John, survey), and “more primary research; by this I 
mean stats, data, and survey results to ensure the information is accurate” (Irtiqua, 
survey). Ciarah agreed with these sentiments, stating “More scientific research from 
different scientific organisations would benefit” (Survey). Credibility appeared to 
be dependent on the perceived ‘expertise’ or authority of the individuals from which 
the data came. For example, Sara stated, “I would like to see more quotes from 
cosmetologists on the issue, since they are experts on this topic and understand the 
harms of toxic chemicals” (Survey). Students appeared to have potentially problem-
atic taken-for-granted trust in authority. Nisura, for example, advocated for “finding 
the quote of a reliable person, saying what you want to get across” (Survey), and 
Ned claimed “I don’t ever doubt the information because it is used for educational 
purposes” (Survey).

One aspect of many Prezi™s about which students were critical was that they 
often presented issues theoretically, or from a perspective that was remote and that 
didn’t establish personal relevance to them. When asked how these media might be 
made more relevant, comments such as “Add data about teens/kids who have cell 
phones and teens/kids who don’t, to show how cell phones are taking over their 
lives” (Jon, survey), “… you could use a few more people from our everyday lives, 
instead of using popular individuals.” (Darcy, survey), and “include more teenagers 
in high school struggling with a drug problem. I would then feel more engaged in 
the presentation” (Jaslan, survey) were made by students. Stephanie added she 
would “Talk about the opinions of different consumers, such as teenagers” (Survey).

The content of many Prezis™ often led students to view the opinion of scientists 
as aligned with those of activists. For example, Ciara stated “activists and scientists 
have a relationship showing marijuana is not that bad” (Survey), and Susan added 
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“If there were an interview between scientists and activists it would be clearer they 
were on the same sides” (Survey). Larry was concerned that these statements sug-
gested students put scientists and science on similar moral and ethical pedestals, 
which may represent a naïve view of the Nature of Science (NOS) because scientific 
data is frequently wielded by powerful actants to support the consumption of 
consumer- based products. On the grand scale, this may be morally and ethically 
problematic because these practices of science may camouflage detrimental effects 
to communities and environments due to consumption of commodities.

16.4.3  Controversy, Relationships and Deduction

The controversial nature of topics and the clarity of relationships were rated some-
what lower than the other categories, and students expressed very simplistic and 
dualistic views of the relationships and controversies. For example, Ana stated after 
viewing the Prezi™ on drugs that she wanted “a clearer comparison and overview 
of both sides of the issue” (emphasis added) (Survey); Isabelle identified only “fast 
food nutrition VS healthy food” (Survey) as the controversy conveyed by the Fast 
and Manufactured Food Prezi™. Jaslan stated, “They did a good job at illustrating 
both sides of whether drugs are OK to do or not” (emphasis added) (Survey). These 
views appear to be preconceived, as many stakeholders (actants) were presented in 
each Prezi™ and connections were not drawn between actants purposely to allow 
students to draw their own conclusions (deductive) about the nature of relationships 
and controversies.

Students’ comments suggest they wanted the controversies to be made clearer; 
essentially, to be clearly given the controversies. For example, Nisura commented, 
“Some of the changes I would make to better illustrate the controversial nature of 
this Prezi™ is by grouping the pros and the cons to put how controversial it is into 
perspective” (Survey). Ron said he would “Give an introduction to explain what the 
issue is” (Survey) and Jaslan stated “I would provide more real-life examples so the 
readers can be clearer about what the controversy is” (Survey). Students also wanted 
the relationships between the various stakeholders presented in the Prezi™ made 
clearer to them. For example, when asked to comment about stakeholder relation-
ships, Michelle wrote “I would find a way to add how one stakeholder’s opinion 
relates to the other stakeholder’s opinions” (Survey), and Susan stated “Create 
arrows indicating how they are related to each other.” (Survey).
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16.4.4  Determination of Actor-Networks and Inquiry

Despite students’ criticisms that many Prezi™ were not explicit enough in regards 
to controversies and stakeholders, data suggests students learned a great deal about 
the actor-networks associated with the SSI featured in the Prezi™ they viewed. For 
example, Ron made explicit reference to actor-networks in his comment:

Cars benefit many people’s lives but they have a large negative one as well. Cars exist in a 
network, which also includes there are jobs, roads, pollution, raw materials, industry, and 
massive business opportunities such as advertisement and marketing. This is all at the cost 
of our earth though as well as other social issues (Survey).

An apparent outcome of their self-determination of actor-networks was that many 
students recognised that actants frequently align to support a common message 
about commodities; for example, Derek stated:

If you have a product and you are producing it in a Third World country, where you are not 
giving people the proper amount of pay and they are living in a low [‘destitute’] place, then 
that society is not doing well – and that is partly due to your product … (Survey).

This suggests the Prezi™ had some effect in inducing students’ awareness of actor- 
networks, but at the same time stimulated inductive self-determination of relation-
ships within actor-networks associated with SSIs. These appear to be important 
components of commitment to activism (Bencze & Krstovic, 2013a).

Identification of controversies and actor-networks proved to be very effective in 
generating further questions, as noted by Mirjan, who said “After watching a 
Prezi™, they (the students) had many questions about the issue, the various actors, 
and their own relationship to them” (Interview, July 2015). Some examples of ques-
tions student had include: “I would like to know what the government had to say 
about the why the FDA does not have to check what goes into those products” 
(Susan, survey), and, “I would like to investigate the ‘what’s inside your cell phone’ 
slide because I would like to find out what’s inside my phone” (Robert, survey). 
This was one of the desired outcomes of the Prezi™; such student generated ques-
tions can become the basis of research informed and negotiated action (Bencze & 
Carter, 2011).

16.5  Discussion and Conclusions

This study was exploratory in nature, meant to guide future development of Prezi™ 
as a vehicle for communicating socio-scientific issues, and research based on their 
use in classrooms. The results of the study highlighted several issues, focusing our 
attention on: i) the amount of content in a Prezi™; ii) the nature of the content in a 
Prezi™; iii) the location of Prezi™ in the STEPWISE learning cycle, and; iv) the 
pedagogy in which a Prezi™ is introduced and learned. These discussions have led 
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to several insights into the creation and use of Prezi™ for SSIs education which we 
present here.

16.5.1  Amount of Content

The amount of content in Prezi™ was a concern of students, and the largest point of 
debate among members of the research team. Many students commented there was 
too much information in each Prezi™. Too much prescribed content can lead to 
issues of disengagement with the material, effecting students’ interest and learning 
(Wood, 1998). On the other hand, students desire for greater clarity and more infor-
mation about the controversy and relationships between stakeholders are in opposi-
tion to our original intention for using Prezi™. Their discomfort supports the notion 
that students may expect to be provided answers, knowledge products, from an 
authority, that they can acquire (Weinstein, 2012), rather than actively constructing 
knowledge themselves through critical thinking and inquiry.

The amount of content included on each Prezi™ was the most contested topic of 
discussion during group meetings. Several group members felt many of the Prezi™s 
that had been produced may be too information-laden. Darren, in particular, was 
concerned that the level of information may hinder inductive processes, such as 
knowledge construction, and affective orientations, such as feelings of ownership 
and commitment, that may be required to motivate further investigation and actions 
on SSIs. Regarding this possibility, Darren, stated “I’m concerned the abundance of 
information in the cells may actually cause students to not ask many questions, 
because many of the questions may be answered to the satisfaction of the students 
already” (Meeting 2). This phenomenon has been noted in other research on Prezi™ 
(Brock & Brohdal, 2013). Christina added to this that “I wonder if a less- informative 
Prezi™ might be better suited to student driven questioning and research?” (Meeting 
2). Indeed, some evidence supporting this was collected. Most of the questions stu-
dents asked, for example, appeared to be defined by the parameters of information 
presented on the Prezi™. In other words, some Prezi™ appeared to set up the 
boundaries of possible inquiry for students. While partially agreeing with this, Larry 
reminded the team that each Prezi™ was, initially, envisioned as a MAD, a vignette 
of a SSI, a teaching tool and form of scaffolding, along with other media, such as 
videos, other presentations, case studies, and science activities, to be used primarily 
during the apprenticeship phase of STEPWISE.  In other words, a Prezi™ is not 
meant to be a stand-alone inductive experience that in and of itself results in RiNA. 
Larry noted, however, a less informative Prezi™ might make sense in the later stages 
of the STEWISE apprenticeship, as the teacher is modelling research informed 
activism, and students are gradually being released from dependence on the teacher 
to provide questions to ask and the resources to answer them (Meeting 2).

The amount of information that should be contained in each Prezi™ is the basis 
of ongoing discussion among the research group. Certainly, different levels of 
 information may serve different pedagogical purposes. However, avoiding student 
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misunderstandings of actor-networks that fail to de-punctualise them, may require 
explicit instruction and teaching. This is a strong argument for the inclusion of 
deductive teaching and learning in pedagogy surrounding the use of Prezi™ (Bencze 
& Alsop, 2008).

16.5.2  Nature of Content

The nature of the content in Prezi™ is a central consideration when deciding how it 
may best be used in education for SSIs. In particular, issues of interpretation, bias, 
and representations of NOS, are important considerations in selecting information. 
Several members of the group thought there was overrepresentation of criticism of 
the commodity in each Prezi™ that was made, and that this bias was a problem. 
Larry expressed the view that although both positive and negative perspectives 
might be represented, the use of Prezi™ represents an opportunity to emphasize the 
stakeholders (actants) involved in the production of commodities that are often hid-
den from view to consumers, and about which consumers might be critical, if they 
were apparent. From social justice perspectives, it may be necessary to give these 
stakeholders greater representation on Prezi™ presentations than those that support 
consumption of the commodity, which are already over-represented in society.

Further muddying the issue of bias were students’ rather simplistic views of 
complex SSIs. These views may be due to the influence of Western worldviews, 
stemming from Judeo-Christian epistemological dualisms; i.e. right/wrong, good/
bad, self/other (Cobern, 1991). In other words, these students may have developed 
mental schema from socialisation in Western society that causes them to interpret a 
Prezi™ in certain (perhaps unintended and detrimental) ways. One of the criticisms 
of inductive learning theories, such as constructivism is that these ‘mental lenses’ 
acquired through socialisation, which often unintentionally reproduce the status 
quo, may be used by learners to construct knowledge (Mathews, 2002). A simplis-
tic, dualistic interpretation of the controversy may act to ‘punctualise’ the SSI, caus-
ing the viewer to see only two sides (e g., critical/supportive), hiding from view the 
complex network, and moral and ethical grey-scale, that is part and parcel of these 
issues. Clearly, this discursive feature of these networks is something SSIs educa-
tion should illuminate. How to embed this complexity in Prezi™ should be an 
important consideration guiding its construction.

Students’ comments also suggest they hold strong and perhaps unrealistically 
positive views about the trustworthiness of those with authority and power, particu-
larly scientists. This is not necessarily surprising, as the non-democratic and author-
itarian nature of school likely socialises students to respond to, and to an extent, 
need, authority figures (Weinstein, 2012). This is problematic in SSIs education, as 
acquiescence to authority appears to be antithetical to ‘speaking truth to power’ and 
other critical orientations that appear to be necessary for activism (Watts et  al., 
2003). Privileging science and other authorities can be problematic because  products 
and processes of STEM, many of which may be detrimental to communities, are 
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often supported by scientific research and others in positions of power (Bencze, 
2008). How NOS is represented in Prezi™ should therefore likely be a central con-
sideration in its construction. Minja, who created a large number of Prezi™ docu-
mentaries, suggested that it was often challenging to find scientific data that was 
supportive of the activist stance. This led the group toward discussion about how the 
NOS needed to be realistically represented in Prezi™. To accurately represent NOS, 
Larry suggested each Prezi™ might contain varying and even oppositional scien-
tific data. Darren suggested scientific data might be absent altogether, which may 
put more responsibility on students to do secondary research on the issue, thus dis-
covering variability in scientific data related to the commodity; this practice may 
provide students with more authentic NOS perspectives (Lederman et al., 2002).

A Prezi™ can be seen to represent a ‘Sign’ of the world (Roth, 2001), including 
the personal biases, subjective choices, and pre-existing beliefs relative to SSIs that 
make sense to the author. This makes the use of specific design criteria for Prezi™ 
important if it is to contain features conducive to learning about complex actor- 
networks associated with SSIs, and contain realistic representations of science. A 
negotiation or provision of criteria may be required if students are involved in con-
structing Prezi™. In addition, teaching about the complex nature of SSI actor- 
networks in general, and NOS, particularly how it is relevant in SSIs, may be helpful 
for students to develop realistic views of these networks and sciences’ role in these 
issues.

16.5.3  Relevance and Location of Prezi™ in STEPWISE

Many group members thought Prezi™ could be used at various stages of 
STEPWISE. The stage in which Prezi™ is used, however, appears to create varia-
tion in its potential personal relevance to students. For example, Madj thought that 
a Prezi™ would work well in the ‘students expressing ideas’ stage. At this stage, a 
pre-produced Prezi™ appears to be required. Yet, Minja, Darren and others pointed 
out the challenge in making a Prezi™ that necessarily appeals to an unknown audi-
ence, which requires a degree of objectivity and generalization. This type of Prezi™ 
may be limited in its ability to present a SSI in a way that is personally relevant to 
students.

Recognising this, Darren and Christina suggested Prezi™ could be used through-
out a complete STEPWISE project to document and communicate various steps of 
students’ inquiry. Prezi™ cells in which students express their pre-existing ideas 
and knowledge relative to the issue, cells that communicate secondary research, and 
cells that communicate primary research could be part of this product. The Prezi™ 
itself could serve as the summative product of a RiNA experience.

Seeing personal relevance in issues is important to the development of socio- 
political orientations and actions (Watts et al., 2003). If an issue is relevant to stu-
dents, it has more meaning, they are likely to be more engaged learning about the 
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issue, and may feel a greater sense of ownership over what they learn (Krstovic, 
2014). These are qualities of transformational learning that can motivate students 
toward taking actions (Bencze & Krstovic, 2013a).

It seems reasonable that the amount and nature of content contained in Prezi™ 
could be variable, depending on where and how it is used in various stages of 
STEWPISE learning experiences. When used in STEPWISE apprenticeship, it may 
be beneficial that each Prezi™ be highly informative, with provision of multiple 
sources of data. However, in stages where students become more responsible for 
knowledge production, there may be value in using a partially constructed or empty 
Prezi™, which students are required to complete. It is important to recognise again 
that Prezi™ was not meant to be a stand-alone experience; the pedagogy surround-
ing its use can and should draw connections between SSIs and students’ lives 
(Krstovic, 2014).

16.6  Implications and Conclusions for Using Prezi™ 
in Learning About Critical SSIs

It became clear during research group meetings that the pedagogy surrounding the 
use of Prezi™ is critically important if it is to aid students in self-determining actor- 
networks associated with SSIs. Aside from being part of a larger context of SSIs 
education, the learning potential of Prezi™ itself may not be met without teacher 
providing scaffolding, such as questions meant to initiate inquiries, and other forms 
of support. Once again, this reinforces the notion that a Prezi™ is not meant to be, 
and likely would be ineffective, as a stand-alone learning event (Roth, 2013) result-
ing in activism.

One important component of effective education about SSI’s may be teaching 
ANT concepts (Krstovic, 2014). Teaching ANT reinforces the complexity of SSIs, 
and fosters a rejection of simplistic and dualistic views of these problems that may 
reproduce punctualisation of SSIs (Latour, 2005). Some suggested topics for teach-
ing about ANT include:

• Individual actants are heterogeneous, composed of influences from other actants;
• Types of actants include: materials (e.g. living & non-living things, inventions, 

inscriptions) and semiotic messages;
• Actants may co-affect each other, with effects that constantly change;
• Actants can align, particularly under influences from powerful actants, so that a 

common semiotic message is supported by all.
• Activism may involve introducing new actants and re-orienting existing ones so 

that dominant semiotic messages change.

Students might learn about ANT before examining a Prezi™; this may give them 
the perspectives needed to realise the complexity inherent in actor-networks associ-
ated with SSIs. Alternatively, Prezi™ might be used to teach students about 
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ANT. Some pedagogical strategies that might be used with Prezi™ are presented in 
Fig. 16.2.

Uses of Prezi™ may provide students with critical ontological insights about 
SSIs and rich, perhaps critical, contexts that can motivated them to construct knowl-
edge about personally relevant relationships and controversies, which appear to be 
needed to facilitate deeper commitments to RINA on SSIs defined by students 
(Bencze, Sperling & Carter, 2012). Our ongoing research suggest, under certain 
conditions, students can benefit from use of MADs in Prezi™ to develop awareness 
of actor-networks of which they are a part, and are associated with SSIs. The result 
of this preliminary study are encouraging, and provide the foundation for future 

Fig. 16.2 Pedagogy involving Prezi™ to teach about critical socioscientific issues
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research to further evaluate how Prezi™ might be involved in education leading to 
student engagement with RiNA on SSIs.

 Appendices

 Appendix A: Individual Prezi™ Student Responses

Cosmetics Prezi feature (15) Average score /10 SD Variance
Controversial nature 7.86 2.13 4.55
Relevancy of Information 8.93 1.27 1.63
Clarity of relationship between stakeholders 8 2.56 6.57
Credibility/reliability of Sources 9.26 0.70 0.46
Comprehensibility of presentation 9.66 0.61 0.38
Attractiveness of presentation 9.8 0.56 0.31
Fast food Prezi feature (5)
Controversial nature 7.4 2.51 6.3
Relevancy of Information 8.4 1.14 1.3
Clarity of relationship between stakeholders 6.1 3.47 12.05
Credibility/reliability of Sources 7.6 2.6 6.8
Comprehensibility of presentation 7.4 2.4 5.8
Attractiveness of presentation 8.4 1.14 1.3
Drugs Prezi feature (6)
Controversial nature 7.5 1.37 1.9
Relevancy of Information 6.83 2.63 6.96
Clarity of relationship between stakeholders 5.5 2.42 5.9
Credibility/reliability of Sources 7.83 1.51 2.26
Comprehensibility of presentation 8.33 1.86 3.47
Attractiveness of presentation 8.12 0.98 0.97
Cell phone Prezi feature (2)
Controversial nature 7 0 0
Relevancy of Information 7.5 .71 0.5
Clarity of relationship between stakeholders 6.5 .71 0.5
Credibility/reliability of Sources 6.5 .71 0.5
Comprehensibility of presentation 1.41 2.0
Attractiveness of presentation 6.5 2.12 4.5
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 Appendix B: Student Survey

 Exploring The Nature of Effective Secondary Research

This activity is an investigation of the important components of secondary research. 
As highlighted in bold below, it is important that your secondary research: 1) 
includes a controversial subject. 2) is personally relevant to you/community. 3) 
illustrates a clear relationship between stakeholders. 4) uses credible/reliable 
sources. 5) includes an appealing mind map presentation.

The following is an example of a sample secondary research using Prezi. First 
explore the Prezi cells in any order you choose, then answer the following ques-
tions. After examining each cell. you can return to the main slide by clicking on the 
Home button (located on the middle right side of the screen).

You may choose to investigate any ONE of the following three Prezis:
Cosmetics: https://prezi.com/0hkdjb31tucw/cosmetics/
Fast & manufacture foods: https://prezi.com/th-fzepweg8w/fast-manufactured- 

foods/
Drugs: https://prezi.com/vbwha24etft3/drugs/

I. Controversial nature of the issue
1. (a) Explain what controversy or controversies is/are represented here.

(b) On a scale of 1–10. overall, how controversial was this Prezi?
(Not Controversial) 1 2 3 4 5 6 7 8 9 10 (Very Controversial)

(c) Explain what changes you would make to illustrate  
the controversial nature of the Prezi.

II. Relevance of information
2. (a) On a scale of 1–10. how personally relevant is this  

presentation to you (or your community)?
(Not Relevant) 1 2 3 4 5 6 7 8 9 10 (Very Relevant)

(b) Explain what you will do to make this presentation  
more relevant to you.

III. Relationships between stakeholders
3. (a) Explain what significant relationship(s) are illustrated between  

the different stakeholders.

(b) On a scale of 1–10. how obvious were these relationships were for you?
(Not Obvious) 1 2 3 4 5 6 7 8 9 10 (Very Obvious)

(c) Explain how you might make the relationships between  
different stakeholders more obvious.

(d) What other stakeholders can be added to this presentation, and why?
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IV. Credibility reliability of sources
4. (a) On a scale of 1–10. how ‘credible/reliable’ (close to the reality  

of the stakeholder’s views) was the information in this presentation?
(Not Controversial) 1 2 3 4 5 6 7 8 9 10 (Very Controversial)

(b) Explain what you would do to make this  
presentation more credible reliable.

V. Presentation of information
5. On a scale of 1–10. how easy the contents of the Prezi were to read  

and understand?
(Not Easy to  
Read/Understand)

1 2 3 4 5 6 7 8 9 10 (Very Easy to  
Read/Understand)

6. (a) On a scale of 1–10. how attractive is the presentation for you  
(and for students of your age)?
(Not Attracting) 1 2 3 4 5 6 7 8 9 10 (Very Attracting)

(b) Explain how you would make this presentation more attractive.

VI. Other considerations
7. What part of this presentation would you like to investigate further?  

Why?

8. Explain what other things you would suggest to make this presentation more
useful to students your age.
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Chapter 17
Battle of the Bands: Toxic Dust, Active 
Citizenship and Science Education

Larry Bencze  and Chantal Pouliot

17.1  Introduction

Many of us live in ‘representative’ democracies, in which we mostly depend on 
leaders like scientists and engineers, government officials (elected and unelected), 
judges and lawyers and others for major decisions. On the other hand, in this age of 
electronic social media, we also can become regularly-engaged in discussions, sur-
veys and questionnaires about matters of public concern. For the most part, how-
ever, we are called on only periodically to vote for elected officials who ask for the 
right to represent our interests for about 4 years. Such systems can work well, allow-
ing individuals to develop expertise in specific fields and provide the whole society 
with numerous benefits. In many societies around the world, however, leaders and 
experts in representative democracies do not appear to be serving interests/needs of 
all their members—and, moreover, their governance seems associated with consid-
erable harms to local and global biotic and abiotic environments.

In our current age, a particular problem appears to be the immense power associ-
ated with vast and complex networks of actants (living, nonliving & symbolic) often 
linked by interests in wealth accumulation by relatively small fractions of societies. 
Income and wealth disparities are widening in many societies and we are experienc-
ing and predicting increases in various environmental problems—including many 
personal, social and environmental harms linked to higher average global tempera-
tures, various health problems associated with chemicals in many products and ser-
vices and compromises to nutrient quality in manufactured foods. Many of these 
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problems appear to involve fields of professional science and engineering—which 
are key to development and management of production and consumption of goods 
and services. Consequently, it seems necessary for citizens to be continually vigi-
lant about actions of politicians, other leaders and experts like scientists and engi-
neers and—where problems appear to exist (or could emerge)—take informed 
actions to try to bring about a better world.

Given roles played by fields of science and technology (and engineering and 
mathematics, etc.) in many problems faced by societies, a logical context for encour-
aging and enabling citizens to become more critical and activist appears to be school 
science (and, perhaps, related subjects). For schools to educate students about citi-
zen engagement in problems and actions, however, they need relatively authentic 
models of citizen participation. Accordingly, in this chapter, we provide a case study 
of citizen engagement in addressing an environmental problem (airborne metal dust 
accumulation) that they believe could cause significant health problems for humans 
and material damage. Through their actions, various entities have been rallied in 
support of reducing/eliminating hazardous dust contamination. In doing so, their 
movement also uncovered evidence that they suggest would have helped sustain, if 
more widely known, a relatively high level of acuteness of community concerns 
about the dust. This case, which continues to evolve, may help teacher educators 
and teachers in schools to enlighten students about relative roles for leaders and citi-
zens in representative democracies and, perhaps, help them to consider societal 
shifts towards greater citizen participation in decision-making in democracies.

17.2  Theoretical Background

17.2.1  Benefits and Limits of Socioscientific Issues Education

Traditionally, science has been taught in isolation from other subjects, a priority 
partly fed by claims that its focus on abstract, decontextualized knowledge makes it 
fundamental to progress in related fields like technology and engineering (Ziman, 
1984). For at least the last four decades, however, educational researchers, book 
publishers, school systems and others claim that it should be taught in relationships 
with many other disciplines (Rennie, Venville, & Wallace, 2012). There have been 
in this period, for example, numerous efforts around the world to integrate or inter-
relate fields of science and technology and societies and environments (STSE) 
(Pedretti & Nazir, 2011). While implementation of STSE education across many 
school science contexts has been difficult (Hodson, 2011), perhaps largely due to 
tendencies of school science systems to prioritize teaching/learning of ‘products’—
such as laws, theories and inventions—of science and technology (Bell, 2006), 
when it has been implemented, a strong tendency appears to be to emphasize con-
troversies in STSE relationships. Known in many places in the world as socioscien-
tific issues (SSIs) (Sadler 2011), students often are invited to debate conflicting 
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positions held by various ‘stakeholders’—including politicians, company execu-
tives, citizens, activists, scientists, and others—regarding possible harmful effects 
of products (e.g., biotechnologies) of science and technology on wellbeing of indi-
viduals, societies and environments (WISE). Approximately paralleling this move-
ment have been foci in France and elsewhere on socially-acute questions 
(SAQs)—which often deal with broader social controversies that may have varying 
degrees of ties to fields of science and technology (Legardez & Simonneaux, 2006).

In dealing with controversies, it is apparent that students are encouraged to nego-
tiate data and claims—frequently in social situations—and then develop highly 
logical personal positions on issues (Levinson, 2010). Zeidler et  al. (2009), for 
example, who have had significant influences on the nature of SSI education, sum-
marize the approach this way:

Central to this approach is the concerted effort to provide opportunities for students to 
reflect on issues in order to evaluate claims, analyze evidence, and assess multiple view-
points regarding ethical issues on scientific topics through social interaction and discourse 
(p. 75).

On the one hand, there appear to be clear benefits of such argumentation-based 
approaches, including: development of students’ socioscientific reasoning skills 
(Sadler et al., 2007); learning of products of science (e.g., laws & theories) (Venville 
& Dawson, 2010) and, learning about the nature of science (Khishfe & Lederman, 
2006). On the other hand, there also may be various problems associated with such 
individualistic emphases on controversies. Students often are, for instance, placed 
in the role of receivers of knowledge from experts and/or people with power—cre-
ating a certain dependency on them. In analyses of socioscientific issues education 
approaches, Ralph Levinson (2010), for example, concluded that most prioritized 
‘Deficit’ (citizens needing to be informed) or ‘Deliberative’ (citizens engaged in 
discussions with fellow citizens) models of citizenship—both of which he claims 
place many citizens in deference to experts and/or people with power. Such learning 
outcomes seem reasonable in representative democracies, in which citizens only 
periodically influence governing—as they, for example, participate in elections of 
leaders every few years (Wood, 1998). However, this can be problematic if leaders 
and/or experts do not provide problematic information and advice.

Although financial and other elite have long had significant power over large 
fractions of societies, such influences have, apparently, dramatically escalated in 
about the last 50 years. According to McQuaig and Brooks (2010), after the second 
world war and subsequent re-building programmes that involved major increases in 
government spending and intervention in economies, it seems that shares of wealth 
enjoyed by the richest 1% of the population dropped from a pre-war level of about 
24% to a post-recovery level of 10%. This seems to have led them to resurrect tra-
ditional pre-war policies of economic liberalism—which advocated individuals’ 
and groups’ (e.g., corporations) rights to engage in economic markets free (liber-
ated) from government intervention. Instead of freedom from government interven-
tion, however, neoliberalism appears to favour government activism to promote 
policies and practices that facilitate private sector desires. For example, new 
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 transnational organizations, like the World Bank, World Trade Organization, 
International Monetary Fund and various ‘think tanks,’ were formed to represent 
economic and social elite—free from obligations to any country or its people. 
Apparently in cooperation with governments and transnational organizations, agree-
ments—such as tax laws and international trade agreements—have been arranged in 
ways to favour for-profit activities by individuals and groups (Ball, 2012).

Apparently key to neoliberal successes are fields of science and technology (and, 
likely, engineering and mathematics) (Ziman, 2000). On the one hand, people are 
grateful to such fields for helping to improve conditions for many living things and 
nonliving environments. Humans enjoy longer lifespans, for instance, through 
developments in medical and agricultural knowledge and innovation. Nevertheless, 
there appear to be many significant potential problems for wellbeing of individuals, 
societies and environments associated with decisions made by powerful people and 
groups influencing fields of science and technology. Particularly in the neoliberal 
era, governments and transnational entities appear to have provided investors with 
many and varied opportunities to enter into contractual arrangements with scientists 
and engineers in ways that often seem to compromise the integrity of aspects of 
topic choice, methods of investigation, conclusions and extent and nature of dis-
semination (Mirowski, 2011). Such ‘business-science partnerships’ often, in turn, 
generate commodities that are linked to many personal, social and/or environmental 
harms. People are concerned, for instance, about various commercial products and 
services, such as: genetically-modified foods, etc. (Kleinman, 2003); household 
cleaning and hygiene products (Leonard, 2010); pesticides (Hileman, 1998); 
tobacco (Barnes, Hammond & Glantz 2006); and, pharmaceuticals (Angell, 2004). 
Many people also expect serious personal, social and environmental problems asso-
ciated with dramatic increases in average global temperatures that often are linked 
to excessive fossil fuel uses (Klein, 2014). People wanting to address such hazards 
may, however, find it difficult to get valid information on which to make judgements 
about them. Financiers and others with vested interests in commercial products and 
services sometimes (or often) have, apparently, taken steps to cast doubt on research 
findings and claims from fields of science and engineering that would perhaps 
expose problematic aspects of for-profit commodities like those listed above 
(Oreskes & Conway, 2010). This claim suggests that many controversies have their 
source, not so much in data or theory (core entities of science) but, rather, in ideol-
ogy. Regarding potential and realized climate change, about which there now is 
considerable corroborating data, there are critics of claims such as: ‘Human activity 
has greatly increased carbon dioxide composition of atmosphere,’ ‘Humans must 
develop new technologies to address inevitable climate change’ and ‘Businesses 
should pay for damages they cause through their ‘greenhouse gas’ emissions.’ Klein 
(2014) suggests that critiques about such claims often depend on one’s level of sup-
port for persistent economic growth and wealth creation as compared to negative 
side-effects of such perspectives and practices.
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17.2.2  Towards More Participatory Forms of Democracy

In light of often-problematic influences of capitalist entities on governments and 
fields of science and technology, there appear to be significant needs for science and 
technology educators (among others) to help generate citizens who may deeply ana-
lyze and evaluate knowledge production and dissemination systems and, where sig-
nificant problems are identified, develop and implement plans of action to address 
them (Hodson, 2011). Using Levinson’s (2010) conceptions of citizenship, this 
implies that students may, through ‘Praxis’ (e.g., self-led research), develop 
‘Dissent’ (e.g., becoming critical of fields of science and technology and their rela-
tionships with members of societies and environments) and develop and engage in 
‘Conflict’ by, for example, developing and enacting socio-political actions that may 
disrupt power relations in ways that may lead to a better world. In George Wood’s 
(1998) terms, students/citizens would be involved in activities associated with more 
participatory forms of democracy—in which power is more widely-distributed 
across populations. In such societies, citizens are highly vigilant and activist.

Despite apparent merits of more participatory forms of socioscientific issues 
education, school science systems seem to have been very slow to adopt them. 
Promotion of many kinds of actions—such as petitions to power-brokers—to 
address issues, regardless of perceived causes (e.g., capitalist influences on techno-
scientists), are rare in school science, as educators often find it easier to facilitate 
student personal decision-making about controversies (Hodson, 2011). There are, 
perhaps, numerous reasons to explain such reticence to promote activism. 
Aforementioned preferences for instruction and assessment of widely-accepted 
claims (‘products’) of fields of science and technology may be a significant factor. 
Perhaps associated with this are tendencies for school science systems to portray 
professional fields of science and technology as, despite periodic disputes linked to 
socioscientific issues, relatively efficient and unproblematic in generating such 
products. It is apparent, for instance, that school science systems routinely avoid 
reference to potentially problematic ‘business-science partnerships’ discussed 
above (Carter, 2005).

In our current era, a significant agent apparently inhibiting more critical and 
activist forms of science education is ‘STEM’ education. To call this a ‘movement’ 
is, likely, a misnomer. There appear to be many forms of and claimed purposes for 
‘it.’ At its base, however, proponents often tout its emphases on integration and/or 
interrelationships among the four STEM fields; that is, among fields of science, 
technology, engineering and mathematics—which is said to be common within 
work among these professional fields (Rennie, Venville & Wallace 2012). Such rela-
tionships are said, not only to be ‘authentic,’ but also essential for societies’ suc-
cesses—particularly in commercial terms. Indeed, there appear to be salvationary 
tones to many STEM initiatives (Pierce, 2013). It is common, for instance, to read 
about proponents’ claims that, without a concerted effort by school systems to gen-
erate more STEM graduates and corresponding workers, jurisdictions (e.g., cities, 
states/provinces, nations, etc.) will suffer hardships in the face of international 
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 economic competitiveness (Zollman, 2012). These kinds of assertions seem, to a 
great extent, reminiscent of Klein’s (2007) suggestion that neoliberal capitalists 
often either take advantage of or create ‘disasters’ (natural or otherwise) that fre-
quently destabilize societies in ways that make them amenable to furtherance of 
neoliberal policies and practices. Claims by STEM education proponents that their 
initiatives will lead to many more jobs and economic prosperity, for instance, seem 
to be somewhat of a ruse. Perhaps more realistically, science/STEM education 
seems mainly focused on identifying and educating relatively few STEM profes-
sionals (scientists, engineers, etc.; but, also, accountants, lawyers, business manag-
ers, etc.) who may develop and manage production and distribution of innovative 
for-profit products and services. This priority, indeed, seems evident in the highly 
influential new US science education standards document:

The primary driver of the future economy and concomitant creation of jobs will be innova-
tion, largely derived from advances in science and engineering.…4 percent of the nation’s 
workforce is composed of scientists and engineers; this group disproportionately creates 
jobs for the other 96 percent (NRC, 2011, p. 2).

Such a vision of social stratification is not new. Nevertheless, divisions between 
rich and poor around the world appear destined for rapid increases (Piketty, 2014). 
Perhaps as worrisome, however, is that campaigns prioritizing wealth concentra-
tion—perhaps like many STEM education initiatives—also appear to bring with 
them relative lack of attention to wellbeing of many individuals, societies and envi-
ronments. Such an ethic, indeed, seems congruent with corporations’ legal rights to 
externalize many of their costs. To maximize profit, in other words, corporations are 
allowed to reduce costs for such ‘ingredients’ in their commodities as materials, 
labour (including benefits for health and retirement) and, as well, costs to address 
negative side-effects of their commodities (e.g., increased cancer rates linked to 
chemicals in foods, etc.) (Bakan, 2004). In terms of STEM education initiatives, 
such ‘externalization’ may be evident in many ways. However, it is apparent that 
many such initiatives studiously avoid reference to matters pertaining to problem-
atic aspects of political economy like those addressed above (Gough, 2015). Related 
to this, there seems to be a concerted effort to continue to portray fields of science 
and engineering as immune to influences from government-capitalist complexes in 
ways that prioritize private profit (Zeidler, 2016). Broadly, in other words, it is 
apparent that much less emphasis has been placed on ecojustice concerns—many of 
which problematize fundamentals of current capitalist systems, including foci on 
continuous growth, competitiveness, individualized entrepreneurialism and perhaps 
less concern for matters of social justice and environmental sustainability 
(Martusewicz, Edmundson & Lupinacci, 2015). Associated with such psychologi-
cal and social conditioning, Clayton Pierce (2013) suggests that much of STEM 
education discourse is aimed at subjectifying citizens (as biopolitical subjects) into 
roles as individually-competitive entrepreneurs, ready to enthusiastically participate 
in various economic interactions and transactions, often with relatively minimal 
concerns about potential negative side-effects on other living and nonliving things.
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Challenging STEM education movements is not likely to be easy. They appear 
omnipotent and omnipresent, successfully rallying many important actants on a 
worldwide scale—including, for example, corporations, think tanks, banks, trade 
organizations (e.g., the World Trade Organization), financiers, pro-capitalist gov-
ernments and universities—all aligned for promoting pro-capitalist education (Ball, 
2012). It seems to be, in other words, a resilient Foucauldian (2008) dispositif (refer 
below); that is, a powerful aggregate of actants resistant to significant change or 
replacement. Given its hegemonic character, it may be that, rather than replacing it, 
reform movements need to work towards providing societies with alternative mod-
els of STEM education dispositifs that focus societies on efforts to promote benefits 
for wellbeing of individuals, societies and environments in participatory democra-
cies (Hardt & Negri, 2009).

17.3  Research Context and Methods

17.3.1  Research Contexts

A pro-ecojustice alternative to STEM education programmes has been developing 
for nearly a decade. As its acronym suggests, the ‘STEPWISE’ framework priori-
tizes ‘science and technology education promoting wellbeing for individuals, soci-
eties and environments.’ A major emphasis of this approach is to encourage and 
enable students/citizens to ‘spend’ some of their educational wealth (e.g., STEM 
literacy), not just on improving their own living conditions, but also on actions to 
bring about a better world for other living things, societies and environments (to 
learn more about STEPWISE, refer to www.stepwiser.ca). Although the original 
framework is arranged as a tetrahedron to acknowledge reciprocal relationships 
among five learning domains (e.g., STSE and Skills Education), work with teachers 
since its inception in 2006 suggests that they have preferred a more linear version of 
the STEPWISE framework (Bencze & Carter, 2011), as indicated in Fig. 17.1.

In this approach, students are first provided with one or more sets (cycles) of 
‘apprenticeship’ lessons and activities to help them gain expertise, confidence and 
motivation for eventually self-directing research-informed and negotiated action 
(RiNA) projects to address socioscientific problems of their choice. These appren-
ticeships are based on basic constructivist learning theory (Osborne & Wittrock 
1985), encouraging teachers to first ask students to explore and express their pre- 
instructional views about STSE relationships and actions perhaps needed to address 
perceived harms for individuals, societies and environments. Afterwards, teachers 
are likely to teach students about STSE relationships to which they may not have 
been exposed, along with research-informed and negotiated action projects that 
have been conducted by others. These would then be followed by small-scale RiNA 
projects to address students’ concerns regarding STSE relationships, with teacher 
assistance where students deem necessary. As indicated in Fig. 17.1, teachers may 

17 Battle of the Bands: Toxic Dust, Active Citizenship and Science Education

http://www.stepwiser.ca


388

provide one or more such apprenticeship lessons and activities, depending on stu-
dent needs, until the teacher believes that students likely have sufficient expertise, 
confidence and motivation to self-direct such projects.

Used in a variety of school, after-school and teacher education contexts since 
about January 2007, the approach illustrated in Fig.  17.1 seems to have enabled 
students (Krstovic, 2014), community youth (Sperling & Bencze, 2015) and student- 
teachers (Bencze & Sperling, 2012) to self-direct primary (e.g., correlational stud-
ies) and secondary (Internet searches) research as partial bases for developing and 
implementing personal and social actions to address socioscientific problems inter-
esting them. It is, of course, impossible to accurately summarize the nature and 
extent of learners’ projects. Nevertheless, we have generally found that, with suffi-
cient support (e.g., apprenticeship and administrative & collegial consent) and moti-
vation (e.g., grades or ‘performances’ [e.g., Parents’ Night]), students have developed 
and often enacted a range of personal (e.g., more recycling, less use of bottled 
water), educational (e.g., posters, videos, Facebook™ posts) and political (e.g., let-
ters to companies and government) actions—such as those illustrated in Fig. 17.2.

Particular successes promoting RiNA projects seemed realized when teachers 
helped students to use aspects of actor-network theory (Latour, 2005) to analyze 
SSIs and plan actions. Speaking for himself and on behalf of other students who 
had analyzed various commodities (e.g., deodorant, deicer, cologne, etc.), an 

Fig. 17.1 STEPWISE Pedagogical framework
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Fig. 17.2 Common RiNA project action types
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eleventh- grade student said: “[I]f you have a product and you are producing it in a 
Third World country, where you are not giving people the proper amount of pay and 
they are living in a low [‘destitute’] place, then that society is not doing well – and 
that is partly due to your product” (Bencze & Krstovic, Chap. 10, this volume). 
Through development, partly based on Internet research, of actor-network maps 
about their respective commodities, students had de-punctualized them (where 
punctualization makes a network of actants seem like a single entity [Callon, 
1991])—thus, exposing, for example, often-unacknowledged or hidden networks of 
problematic actants, such as poor workers labouring under deficient conditions in 
distant countries.

In reviewing RiNA projects conducted by youth/students and student-teachers 
since the beginnings of the STEPWISE project in early 2007, it became apparent 
that, although students had developed considerable expertise, confidence and moti-
vation for self-directing RiNA projects to address problematic STSE relationships, 
projects tended to be relatively ‘confined.’ Frequently, for example, actions were 
aimed relatively locally—at fellow students, teachers/administrators, community 
members (broadly) and family members and friends. In that vein, although projects 
involving de-punctualization may have anticipated involvement of a breadth of 
actants, actions tended to be relatively narrow—aimed at a few of them at a time. 
Often, moreover, actions were relatively ‘terminal’; that is, there often was little 
follow-up to determine effectiveness of actions. Such limitations may, for example, 
relate to confining characteristics of school. Teachers and students, for instance, 
often report that time to address large numbers of teaching/learning expectations in 
set amounts of time limit the extent to which students can develop and implement 
effective actions.

To educate students about other, perhaps more engaging and effective, forms of 
activism, we sought to analyze a ‘real-life’ (and ongoing) case of citizen participa-
tion in addressing potentially problematic dust accumulation in their community. 
Although some such cases—like citizen involvement in municipal water supply 
decisions (Roth, 2014)—have already been developed, citizen engagement in deci-
sions involving fields of science and technology and their relationships with mem-
bers of societies and environments often are highly complex, contextual and diverse 
and, therefore, it seems necessary to search for many and varied cases. A diversity 
of documentaries of such citizenship can benefit teachers and learners—providing 
them with more realistic choices, as seems congruent with democratic principles 
(Pierce, 2013).

In this chapter, we provide a documentary and analyses of an ongoing case 
involving deposits of grey-red dust in urban areas surrounding the Port of Québec 
City and citizen engagement in investigations into and actions regarding these 
deposits. The case outlined below began with actions of two citizens, Véronique 
Lalande and her partner, Louis Duchesne, who responded to a particular instance of 
dust accumulation in their neighbourhood, the borough of La Cité-Limoilou. 
Through their investigations, they concluded that the dust emanated from the city’s 
port, where nickel ore is routinely received from mining areas and then shipped out 
to refineries. Examples of dust deposits in locations around the port are provided in 
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Fig. 17.3. Limoilou is a ‘downtown’ neighbourhood of Québec City and is home to 
approximately 21% of the total population of the city. It ranks first among the city’s 
boroughs for population density (Ville de Québec, 2015). Limoilou proper is, within 
this borough, the sector most affected by the dust in question. Comprising three 
neighbourhoods unto itself, Limoilou accounts for 2% (9.66 km2) of the area of 
Québec City. According to statistics, 48% of inhabitants of the Limoilou sector are 
single-parent families and 46% of people aged 65 years and over live alone. Finally, 
the La Cité-Limoilou borough ranks third in the city for the number of immigrants. 
The Limoilou sector is semi-industrial, being bordered by the White Birch Paper™ 
mill, the city incinerator and the Port of Québec.

17.3.2  Data-Collection and Analyses Methods

As a study of a particular case (i.e., municipal dust deposits) with larger societal 
ramifications (e.g., citizen participation in socio-technical matters), our investiga-
tion resembles what Stake (2008) refers to as an instrumental case study. As such, it 
was necessary for us to collect broad and deep (meaningful) data to understand the 
case and, in doing so, to continually try to relate interpretations of them to 

Fig. 17.3 Indications of dust accumulation in Québec City (Courtesy: www.vigilanceportdeque-
bec.com)
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situations, concepts and principles, etc. from larger contexts (e.g., global economic 
systems). In doing so, we believe this research should have rationalistic and natu-
ralistic characteristics (Guba & Lincoln, 2011). From a rationalistic perspective, 
data were collected and analyzed pertaining, for example, to our contention that 
SSIs are composed of networks of living, nonliving and symbolic entities. More 
naturalistically, approaches common to ethnographic case studies were employed—
with a view to attempting to react to unexpected phenomena as they arose. 
Accordingly, data types collected included:

• News media reports: Over 300 articles published in prominent Québec City and 
Montréal newspapers (Le Soleil and Le Devoir, among others) were collected 
and later analyzed. As well, about 20 extracts from televised news presentations 
about the dust situation—and possibly-related port expansion plans—in Québec 
City were analyzed.

• Activists’ website contents: Text and graphics (videos and stills) appearing on 
the Initiative Citoyenne de Vigilance du Port de Québec website (www.vigilan-
ceportdequebec.com), with material dating from July 2009 to present, were col-
lected. This also was the source of photographs used in Fig. 17.3.

• Interviews of Citizens: Since 2013, citizens Véronique Lalande and her partner, 
Louis Duchesne, have been interviewed by Chantal Pouliot for a total of about 
20 h of discussions. Lalande & Duchesne (L&D) are both well-educated. She 
studied law before switching to a Masters degree in Training Management. He 
has a Masters degree in ecology and directs forest ecology research for the pro-
vincial government. During conversations, L&D provided numerous insights 
into actions taken by them and other citizens regarding the dust situation, along 
with interpretations of actions and positions of various other stakeholders, 
including members of the port companies, port authority and city government. 
L&D also provided critical reviews of a book about the case written for citizens 
by Chantal Pouliot (2015).

From a naturalistic perspective, meanwhile, we also attempted to remain receptive 
to emergence of unexpected findings and conclusions. Indeed, citizen engagement 
in this situation continues and, so, new findings often emerge.

Regarding analyses, each of us coded data for categories and then developed 
encompassing themes—using constant comparative methods based on constructiv-
ist grounded theory (Charmaz, 2014). Categories and themes were then negotiated 
between us to achieve consensus (Wasser & Bresler, 1996). In doing so, as support-
ers of poststructural epistemological conceptions (e.g., Deleuze & Guattari, 1987), 
we were conscious that the case we construct may not perfectly represent the phe-
nomena we studied—partly, for example, due to lack of comprehensive observation 
possibilities, varying and limited theoretical and ideological perspectives and, pos-
sibly, to limitations of human senses. Consequently, claims we make below must be 
seen as tentative, subject to ongoing study and debate.
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17.4  Results and Discussion

17.4.1  A Dust-up

As with any report of material and semiotic phenomena, it is difficult to determine 
when problems and controversies surrounding accumulation of dust in Québec City 
neighbourhoods began. We only know that citizen concerns and government 
responses are ongoing. Nevertheless, as may become apparent from text below, a 
reasonable starting point for this documentary is October 2012. At that time, 
Véronique Lalande and her partner, Louis Duchesne, two citizens living in the 
Limoilou borough of Québec City, noticed significant accumulation of red-grey 
dust on their property and elsewhere in their neighbourhood (see Fig. 17.3). This 
prompted them to call local authorities to investigate the worrisome deposits. 
However, likely for complex reasons (e.g., not trusting governments), they sent 
samples of the dust to a private testing laboratory to determine its contents. Findings 
of these tests were alarming to L&D, suggesting—as indicated in Table 17.1—that 
air in their neighbourhood was a ‘toxic soup,’ comprised of potentially dangerous 
heavy metals, including: nickel, cobalt, arsenic, zinc, copper, barium, lead and cad-
mium. Moreover, the dust ‘signature’ (i.e., Nickel-Cobalt ratio) indicated it ema-
nated from the city’s port lands. At the same time, through secondary research, they 
determined that many other cities had lower metal content in air (Table 17.1) and 
that the nickel ore processed by the Québec City port emanated from a mine at 
Voisey’s Bay (Newfoundland and Labrador) owned by Vale Corp. (www.vale.com) 
(Lalande & Duchesne, 2013a,b,c).

Armed with alarming data about dust accumulating in their environment, L&D 
proceeded to carry out several actions that they felt may lead to reductions in its 
dispersal or, ideally, its elimination. In the months following the beginning of the 
controversy, they produced a very detailed interactive website (www.vigilanceport-
dequebec.com) (and associated page on Facebook™) that provides information 
(text, video and graphics) and commentary (e.g., in newsletters) about the case and 
opportunities for written feedback (blog posts). Over the last 3 years, they produced 
four analysis reports outlining their findings, concerns and recommendations 
(Lalande & Duchesne, 2013a,b,c, 2016). With increasing awareness of their data, 
concerns and actions, L&D also were invited to speak to students in various con-
texts, including: geography and chemistry classes at a local Cégep (post-secondary/
pre-university institutions unique to Québec), university courses in science educa-
tion and a student conference day in urbanism. They organized a major march (June 
2013) (see Fig. 17.4) to remind politicians that they will not be satisfied until dust 
dispersal is eliminated, made public presentations about the situation, formulated 
two class action suits against Compagnie d’arrimage de Québec Ltée (the company 
processing the nickel ore) and the Québec Port administration (submitted in January 
2013) asking, respectively, for compensation for initial damages from the October 
2012 dust episode and asking for an injunction on dust emission from the port.
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17.4.2  Rectifying Actions

Apparently in response to citizens’ actions, city officials (including those governing 
the port and port company) took measures to address their concerns. These included 
purchase of water cannons that were used to dampen open piles of ore at the port, 
and washing of trucks leaving the port area. City streets also were more frequently 
cleaned to remove dust. Perhaps most significantly, the Québec provincial govern-
ment and, more specifically, the Ministère du Développement Durable legislated 
changes to the allowable ambient nickel norm; that is, a daily (instead of yearly) 
quantity of nickel deposits permissible—a change in policy and practice that could 
reduce amounts of dust content in local air.

There are, likely, many ways to explain successes that Véronique Lalande and 
Louis Duchesne experienced in having authorities take actions to address what they 
perceived to be serious threats to citizens’ health. One area of theory and research 
that has appeared to us to be useful in this context is that of Socially Acute Questions 
(SAQ; or, Question Socialement Vive [QSV] in French). These are public controver-
sies that typically involve a broad range of actors (and actants)—often including 
experts and people with power and other citizens—that, due to the social ‘acute-
ness,’ become a subject of discussion and debate in educational contexts (Legardez 
& Simonneaux, 2006). In their investigations into the dust situation in their city, 
Lalande and Duchesne found that public consciousness and actions to address their 
concerns appeared to wax and wane over a several year period. From at least about 
1970, many people in the city seemed to notice dust accumulating on various items 
(cars, windows, verandas). Which members of society were aware of the dust and 
had questions about it is difficult to fully know (e.g., from a poststructural position), 
but—as the ‘story’ (a construction) of the QC Dust case unfolds here, it is apparent 
that after some spikes in acuteness in the early 1980s, social consciousness seemed 

Fig. 17.4 Citizen march concerning Québec City dust pollution (http://ici.radio-canada.ca/
regions/quebec/2013/06/02/003-marche-qualite-air-limoilou-citoyens-craintes-dimanche.shtml)
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to subside until about 2009 when citizens of Beauport, a suburb of Québec City, 
complained to their city council about the dust (youtube.com/watch?v=9FjJJwj90m0) 
and, in 2011, when citizens of Cap Blanc, a borough of Québec City, organized and 
submitted a petition to the city asking for action to eliminate the dust. These citizen 
actions, however, seemed to generate little formal response from authorities. Actions 
initiated by L&D, on the other hand, seemed to have more substantive corrective 
responses (as noted above) from city officials. Again, while reasons for these differ-
ences in responses are somewhat uncertain, fluctuations in levels of ‘social acute-
ness’ seem pertinent. Perhaps, in light of needs for mobilization of awareness, 
understanding and concerns regarding the dust situation, we can turn to Michel 
Foucault’s (2008) concept of dispositif (introduced above). It is apparent, in other 
words, that L&D’s initiatives led to formation of a network of cooperating actants 
(living, nonliving & symbolic forms) that, together, may have increased collective 
public consciousness of the dust situation to the point that city officials found diffi-
cult to avoid. Our study of actions of Lalande and Duchesne and others note, for 
instance, significant media attention (e.g., refer to: www.vigilanceportdequebec.
com) to their actions. Given its focus and goals, this activist dispositif may be called 
a ‘heavy-metal band’ (Interestingly, a Punk band sang about the situation, as heard 
here: youtube.com/watch?v=tzdl1eKwDdA). Using actor-network theory (Latour 
2005), the ‘loudness’ of this band’s messages may be understood in terms of a series 
of translations—in which ideas, perspectives, etc. about the dust situation move 
from one actant to another within the dispositif network, perhaps leading to some-
what common conceptions and motivations (e.g., need for actions to eliminate dust 
dispersal). One caveat with this idea is that, perhaps, due to gaps or inconsistencies 
in these translations (Roth, 2001; also refer below), conceptions and motivations 
may not be unanimous within the dispositif. Using Deleuze and Guattari’s (1987) 
metaphor of the rhizome, translations often are unpredictable due, for example, to 
unforeseen events (e.g., citizen missing a news story). In this sense, we might relate 
formation of a dispositif similar to a bricolage (Roth, 2008); that is, arrangements 
that have more to do with contextual availability of actants than with purposeful 
arrangements – as we might expect if there was a ‘conductor’ (e.g., L&D) – of the 
many actants possibly involved.

17.4.3  Resistance from ‘Developers’

Regardless of questions about the exact nature of any dispositif, further data from 
this study suggests that it is a useful concept. Although a dispositif appeared to be 
developed that raised the level of ‘acuteness’ (consciousness & understanding) of 
the nickel ore controversy that, in turn, led to some rectifying responses from city 
and private sector officials (as above), the extents of responses to the citizen disposi-
tif were viewed in the eyes of activists as limited. In her letter, in which she resigned 
from the committee that included representatives of the City, the Public Health 
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Department, the Port and the company, Véronique Lalande wrote (translated from 
French) the following:

[C]oncrete results in more than two years are slim [...] I will not repeat the observations 
made during the two annual reports. However, the recent announcement of a study on air 
quality, significantly far from requests made repeatedly by citizens and especially negoti-
ated behind closed doors by three members of this committee will really sound the death 
knell regarding us. Our reading is severe and, as such, it seems important to put some facts 
in perspective. As a representative of the initiative, I am prepared to accept that all the mem-
bers of this committee want to eventually solve the problem. Only for the most of them the 
air quality concepts, and atmospheric deposition of dust will remain theoretical concepts 
while they are our daily nightmare. [...] We come to the following conclusions:

Although known, simple and accessible, there is no will of the Port of Québec to engage 
freely in the only way that would solve the problem once and for all [...] For a variety of 
reasons, there [is] no political will, and therefore no will from the authorities to force the 
port to adopt these measures as essential to the actual development of a harmonious 
city-port relationship. Although they would like to see a settlement, the main motivation 
of the authorities and some agencies is first to protect their institution, not to expose 
even if it involves distortions of the truth, whether from assertions or more often from 
silence. We are announcing, you will have guessed by now, that Initiative Citoyenne de 
Vigilance du Port de Québec withdraws from the Vigilance des activités portuaires com-
mittee. We return from now, with serenity and I must say a huge relief, to our primary 
role: whistleblower. The very one that allowed an entire community out of ignorance 
and imagine an alternative (Nov. 20, 2015).

Indeed, in recent years, there has been considerable resistance from stakeholders 
with interests in promotion of handling of nickel ore at the Québec port—including 
the city government (e.g., politicians)—to more citizen involvement in decisions 
about the dust problem, often using various discursive strategies to depoliticize the 
issue and reduce citizen engagement. Indeed, the Mayor said the following to 
journalists:

Québec City will totally support the Port of Québec in its projects of expansion of the port. 
I told him [the CEO of the Port …, “It is clear, we will not back down. I have confidence in 
the Port of Québec; I have confidence also to explain this to the population. We will fight 
any people wishing to decrease the value of the port or thwart its development efforts. We 
sincerely believe, sincerely, in the future of the maritime industry in Québec City, and the 
Mayor of Québec and the city of Québec will be behind you, count on us (November 20th, 
2015).

Despite a relatively long history of dispersal from the port through the air and 
adherence to objects, it appears that public consciousness about the dust has waxed 
and waned. Although some progress has been made—largely, it seems, as a result of 
citizen activism and related emergence of influential data—in reducing dust emis-
sions and augmenting quality standards regarding them, apparent resistance of those 
in support of port development to dramatic reductions in metal dust dispersal sug-
gests that there may be—and may have been for some years—a concerted effort to 
minimize attention to the matter. Evidence for this claim is circumstantial. 
Nevertheless, official documents uncovered by Lalande and Duchesne are support-
ive of this possibility. In 2015, their research revealed existence of two official docu-
ments (from Pluram and Roche Consultants, in 1981 and 1983, respectively) that 
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indicated that the city and port authorities knew as early as 1981 about the dust 
emanation problem, but failed to act on it. This finding suggests to us that, perhaps, 
pro-development stakeholders could have, in effect, acted to align actants in ways 
that formed a quieting dispositif; that is, an aggregate of actants that served to more 
or less minimize—apparently between at least 1981 and 2009—the acuteness of the 
dust controversy. This pro-development dispositif may have exposed many citizens 
to unhealthy environments for the sake of profit. If such a dispositif exists, it sug-
gests that, as depicted in Fig. 17.5, it may be in a kind of ‘cultural clash’ (‘battle of 
the bands’) with the activist dispositif—which, to a great extent, seems to have 
acted in support of ecojustice goals (refer above).

17.5  Summary and Conclusions

17.5.1  Educational Benefits of the Québec City Dust 
Controversy

The case study of ongoing dust deposits surrounding the Port of Québec City 
reported here appears to have excellent potential for those interested in educating 
students about realistic contexts of research-informed and negotiated actions to 
address perceived problems for wellbeing of individuals, societies and/or environ-
ments associated with influences of powerful people and/groups on fields of science 
and technology (and, likely, engineering and mathematics). The case indicates, for 
instance, that citizens can, particularly with assistance from professional laboratory 

Fig. 17.5 Battle of the bands
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services, generate data and findings that can help rally a range of actants to form an 
activist dispositif (Foucault, 2008) that can function collectively to achieve particu-
lar ends. Accordingly, it seems students should be encouraged to analyze STSE 
relationships in terms of actor-network theory and to network their actions; that is, 
to work to align several cooperating actants towards their cause. We can imagine 
some students, for example, after conducting secondary and primary research about 
fast foods, developing activist materials (e.g., posters, petitions, videos, websites, 
Twitter™ feeds, Facebook™ groups) and, to help mobilize facts and perspectives in 
them, interacting with various fast food ‘stakeholders’—including people in their 
schools responsible for food supplies, local media, parent groups, managers of 
sports and recreational centres, teenager groups, local politicians, etc. With enough 
appropriate actants supporting their causes, they may initiate—like Lalande & 
Duchesne—a dispositif that realizes results they desire. In the Québec City dust 
case, it was apparent that two citizens took actions that resulted in alignment of a 
great range of actants—including: data concerning dust content and sources, many 
news reports, an interactive website, a citizen march, and class action suits—all, 
more or less, calling for reductions, if not full elimination, of dust dispersal from the 
city’s port lands. In the sense that their actions were, largely, aimed at asking power-
ful members of their community to take rectifying actions, they were ‘speaking 
[what they perceived to be] truth to power’ (AFSC, 1955).

Based on experiences of activists in Québec City, students may also learn that an 
activist dispositif can be somewhat successful; in this case, with city and port offi-
cials choosing, for example, to: spray dust piles with water, clean streets more fre-
quently and monitor the air for dust particles on a more regular basis. Such actions, 
moreover, can embolden citizens to gain a sense of agency in power relations. 
Véronique Lalande, who seemed so central to development of the activist dispositif 
in Québec City with regards to the apparent heavy metal dust contamination, made 
various statements indicating her increased vigilant-activist stance:

My balcony hasn’t changed since October 26. It’s still covered with dust. But I have 
changed. I am no longer a passive bystander (May 6, 2013, Porter, 2013).

We’re fighting furiously for this – particularly to give people back the feeling of having 
some control over things by showing that science can be used from the citizen’s perspective, 
without feeling intimidated (Sept. 29, 2013, personal email).

I urge you to consider the message that rewarding a delinquent industry with more powers 
would send to thousands of men, women and children who live close to port facilities and 
lack the industry’s resources to plead their case (Nov. 23, 2014, Deposition to Canadian 
House of Commons).

As Ms. Lalande’s May 6, 2013 statement (above) indicates, however, she and 
other citizens of their community were not fully satisfied with officials’ rectifying 
actions. There were still significant amounts of (potentially toxic metal) dust circu-
lating in the Québec City air and, ultimately, the piles of ore at the port (see Fig. 17.3, 
above) were still open to the air. Moreover, city and port officials seemed intent on 
expanding transshipment capacities. However, perhaps most significantly, L&D 
uncovered existence of two reports about the dust situation commissioned by the 
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city in the 1980s that, if more widely circulated and broadcast, may have led to more 
public consciousness and actions. That these reports were not made more public and 
part of community discourse suggests to us existence of a dispositif aimed at con-
tinued or, even, expanded port developments—and perhaps limited and/or opposi-
tional acts affecting dust dispersal across the city. In other words, ‘discovery’ of the 
1980s reports seemed to serve as an agent of de-punctualization (Callon, Lascoumes, 
& Barthe, 2001) of a phenomenon (dust), revealing a network of actants (perhaps a 
‘pro-development’ dispositif) that could be serving to maintain a relatively low level 
of public consciousness of potential health problems linked to the dust dispersal. 
With further de-punctualization, citizens also may gain insights into existence of a 
larger network of actants linked to the dust, such as: port workers, miners, shipping 
workers, mine and ocean environments, transnational agreements pertaining to min-
ing and manufacturing, etc.

As discussed earlier, possible existence of a pro-development dispositif appears 
to align with claims in Oreskes and Conway’s (2010) book, Merchants of Doubt, 
that powerful people and groups may sometimes take actions to cast doubt on poten-
tially incriminating science data and claims for the sake of profit. Also aligned with 
some (or many) capitalist activities, it suggests an ethic of externalization of costs—
in this case, perhaps in the sense of health costs borne by citizens in relation to ill-
nesses stemming from an airborne toxic stew of heavy metals. In the context of a 
STEPWISE-informed programme in science and/or technology education, the 
Québec City dust case would fit very well within the “Teachers Teach RiNA 
Projects” phase of the apprenticeship component of the pedagogical framework 
(Fig. 17.1). As in this article, particular attention should be paid in the apprentice-
ship to apparent struggles between two opposing dispositifs. Apparently driving 
alignment of actants to form ‘activist’ and ‘pro-development’ dispositifs were a 
different set of ideological perspectives—with, broadly, the former erring on the 
side of caution with regards to development and the latter enthusiastically support-
ing it, perhaps willing to sacrifice possible personal, social and/or environmental 
harms for the sake of economic growth and benefits associated with it, such as jobs 
and capital gains. In teaching about such contrasting dispositifs, teachers might 
focus on characteristics of research-informed and negotiated action (RiNA) projects 
evident in the project; that is, as given in Fig. 17.6 (Bencze, Carter & Krstovic, in 
press). Regarding effectiveness of translations between ‘World’ (e.g., dust accumu-
lation) and ‘Signs’ (statements about nickel ore), students could learn about onto-
logical and ideological gaps. The former kinds of gaps are inefficiencies in 
translations due to ontological differences between each entity. For example, it is 
apparent that geographical features (landforms in a country), which are aspects of 
the ‘World,’ cannot fully be represented by maps of them (Signs). This suggests that 
there always will be inconsistencies in such translations. In terms of ideological 
gaps, however, inefficiencies in translations may be—to varying degrees—inten-
tional. Advertisers, for instance, often purposely idealize for-profit products and 
services (i.e., produce idealized Signs for commodities [World]) (Bencze et al., in 
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press). Regarding the Québec City dust case described here, students could be given 
examples of how the two different dispositifs might engage in such translations on 
different ideological bases. For example, for World → Sign translations, activists 
might label dust to be ‘toxic heavy metals’; whereas, pro-development individuals/
groups may say that ‘the dust is relatively harmless iron oxide.’ Meanwhile, for Sign 
→ World translations, activists might recommend costly installation of ore pile cov-
ers; whereas, pro-development individuals/groups may advocate for less-expensive 
periodic spraying of open-air ore piles with water cannons.

In the eyes of activists, individuals/groups promoting economic growth with less 
than desirable attention to wellbeing of many individuals, societies and/or environ-
ments may be considered oppressors (Freire, 1997). Educating students about 
potentially problematic power relations, as may be the case in pro-development 
dispositifs described here, may, therefore, represent a kind of conscientization—a 
critical consciousness about a (and/or one’s own) social milieu (Freire, 1997). At the 
same time, educators in democracies may not want to be guilty of oppression, in the 
sense of providing students with mistranslations of ‘real-world’ documentaries like 
the one here—presenting pro-development individuals/groups in an unrealistically- 
bad light. It seems that no educator can avoid ontological gaps and, likely, ideologi-
cal gaps. Accordingly, Paulo Freire (1997) recommended that, to be free of potential 
oppressors (including teachers), learners need to be given full control over ‘praxis’; 
that is, critical, reflective, practice. Levinson (2010) echoes this call in his discus-
sion of possible citizenship roles in the context of socioscientific issues education. 
This recommendation is, indeed, built into the STEPWISE framework—when stu-
dents are encouraged to engage in student-directed and open-ended (when conclu-
sions are not predetermined; but, rather, determined by learners in the context of 
experiences and their existing theory, etc.) RiNA projects (see Fig. 17.1). Moreover, 
there appears to be evidence to suggest that students may become relatively free of 
teacher influence in their RiNA projects, after having been provided with nurturing 
apprenticeship lessons and activities beforehand (Bencze & Alsop, 2014).

Fig. 17.6 Variations in ideological gaps in RiNA projects
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Chapter 18
Supporting Pre-service Teachers to Teach 
for Citizenship in the Context of STSE Issues

Sarah El Halwany, Majd Zouda, Chantal Pouliot, and Larry Bencze 

18.1  Introduction

Science education for citizenship appears to underlie current conceptualizations of 
scientific literacy (Roth & Désautels 2004). Science education for citizenship 
implies a shift from the traditional role of school science concerned with preparing 
“insiders who identify with the subculture of science” (Aikenhead, 2006, p. 3) — 
that is, scientists and engineers — to a view of science education concerned with 
forming competent outsiders (Feinstein, 2011) who engage in science given its use-
fulness to their everyday life.

In a similar vein, Roberts (2011) outlined two visions for science education. 
Vision I is targeted towards acquiring science knowledge and skills to facilitate 
students’ entry into science-related fields while vision II defines scientific literacy in 
terms of its relevance to students/citizens. For instance, a vision I perspective would 
teach students about the circulatory system while a vision II would teach them how 
to identify and act in case of a hemorrhage (Fourrez, 1997). Recently, Jesper 
Sjostrom, Ingo Eilks and Vania Zuin (2016) proposed a vision III oriented towards 
critical perspectives on technoscience fields coupled with activist dispositions for 
social and environmental justice. One main difference between vision II and vision 
III seems to be levels of politicization of students’ education. Vision II may be more 
interested in forming competent outsiders for personal and humanist reasons while 
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vision III is, perhaps, more concerned with forming competent outsiders willing to 
engage in socio-political actions.

Understandably, for students to engage in socio-political activism on issues 
related to Science, Technology, Society and the Environment (STSE) — such as 
processed foods, pharmaceutical drugs — they need to acquire informed science 
bases, along with skills to critically reflect on STSE issues. Students able to criti-
cally reflect on STSE issues are likely to exhibit aspects of socio-scientific reason-
ing (Sadler, Barab, & Scott, 2007) that consists of: “recognizing complexity of SSI 
issues, examining issues from multiple perspectives, appreciating that SSI are sub-
ject to ongoing inquiry and exhibiting skepticism when presented with potentially 
biased information” (p. 374).

However, merely developing students’ socio-scientific reasoning and allowing 
them to form their own personal positions on STSE issues “will not bring about 
social justice and will not save the planet” (Hodson, 2010, p. 201). Rather, class-
room practices need to be reworked to nurture more critical and activist dispositions 
on STSE issues, in line with a vision III of science education (Santos, 2009).

To prepare students for participatory forms of citizenship, science teachers need 
to be equally supported in reworking their pedagogical practices. In this chapter, we 
explore extents to which a teacher training course — which was structured around 
the STEPWISE framework — influenced pre-service teachers’ pedagogical dispo-
sitions to teach for socio-political activism regarding STSE issues.

18.2  STSE Education and Democratic Participation

STSE issues may be considered controversies or problems stemming from interac-
tions among fields of science and technology and societies and environments. In the 
Canadian educational context, socio-scientific issues are discussed as ‘STSE’ issues 
(Pedretti & Nazir, 2011). Traditionally, science and technology fields have been 
perceived as fundamentally different and unrelated (Gardner, 1999). It was believed 
that, while science observes phenomena of the world and generates representations 
of them (e.g. falling object → conceptions of gravity), technology translates repre-
sentations into phenomena of the world (e.g. conceptions of gravity → airplane). 
More recently, it has been suggested that science and technology fields involve 
cyclical translations between phenomena and representations of them and that, 
rather than seeing them as separate, students need to see them as mutually consti-
tuted (Roth, 2001). The term technoscience (Sismondo, 2008) has been coined to 
characterize this hybridity.

Describing relationships among science, technology, societies and environments, 
Ziman (1987) noted two variations for depicting those relationships that he termed 
internal and external sociology of science. An internal sociology of science refers to 
workings of science taking place independent of the society and where scientific 
knowledge is generated for “its own sake without any thought for its possible appli-
cations” (Ziman, p.  4). An external sociology of science, meanwhile, deals with 
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technological effects of scientific knowledge where theoretical knowledge from the 
‘pure’ sciences is used by technologists and engineers to produce ‘inventions,’ 
which are then used by society. Scientific processes remain hidden from public 
scrutiny and the focus is rather on the ‘instrumental’ capabilities of science (e.g. for 
military, economic reasons). Internal and external sociologies of science may rein-
force a linear depiction of relationships among science, technology and society. 
This linear, unidirectional, relationship is often transmitted through school science, 
subtly positioning science as authoritative body of knowledge and de-valuing tech-
nology as a field of ‘applied’ science (Gardner, 1999). When scientists are repre-
sented as epistemologically superior, citizens become excluded from participating 
in knowledge production and managing STSE issues, limiting their roles to mere 
consumers of scientific and technological products (Rudolph, 2005). In contrast, 
transmitting views that scientists’ work is heavily influenced by their own subjec-
tivities, assumptions, and even vested interests of stakeholders (Venturini, 2010) 
would ‘humanize’ the field, possibly paving the way for students/citizens to see 
their potential role as knowledge producers and decision-makers on STSE issues.

Inviting students, as present political subjects (Alsop & Bencze, 2014), to take 
socio-political actions on STSE issues is believed to increase their political efficacy 
as citizens of participatory democracies (Hodson, 1999). Wood (1998) defines par-
ticipatory democracy as a form of governance whereby citizens take a self- governing 
role in managing public issues (e.g. STSE issues). Consistent with the words of 
Dewey (cited in Wood, 1998), this democracy “is more than a form of government; 
it is primarily a mode of associated living, of conjoint communicated experiences” 
(p. 87) in which decisions are made by those who will be directly affected by the 
decision. On the other hand, in representative democracies, citizens’ participation in 
their own governance is limited to electing representatives who take decisions for 
them.

Participatory citizenship through science education might be achieved through 
models such as “science education as praxis” and “science education for dissent and 
conflict” (Levinson, 2010). Both of those models foreground learning that is: rele-
vant to students and their larger community, embedded in an eco-reflexive stance 
towards STSE issues (Sjostrom et al., 2016) and culminating in collective actions 
for social and environmental justice (Santos, 2009). The teacher ceases to be “epis-
temologically privileged” (Levinson, 2010, p. 83) and scientific knowledge, among 
other bodies of knowledge, is continuously sought in the situated activities of learn-
ers (Roth & Barton, 2004).

If schools were to become sites of knowledge production (praxis) for social 
change (dissent and conflict) (Freire, 1970), roles of teachers need to be re- 
conceptualised from teacher-technician, concerned with implementing prescriptive 
‘teacher-proof’ curricula, to teachers as political agents (Carlone, Haun-Frank & 
Kimmel, 2010). Rooted in traditions of participatory democracies, politicized sci-
ence teachers are those who make salient, through their practice, issues of power 
and social inequities and act to politicize their students as knowledge producers and 
change agents on STSE issues (Alsop & Bencze, 2014). Amidst a fairly ‘apolitical’ 
science education climate that privileges content learning (Bell, 2006) over equally 
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important knowledge domains of scientific literacy, namely nature of science, 
authentic inquiry and sociopolitical activism (Hodson, 2011), science teachers as 
political agents are those who teach against the grain (Cochran-Smith, 1991) to 
“promote a certain type of citizenship and civic responsibility of which transforma-
tion, agency and emancipation are key features” (Pedretti & Nazir, 2011, p. 617).

18.3  Teaching for Democratic Participation: Some 
Challenges

Science teachers who are conscious of their roles in preparing critical thinkers and 
active citizens are likely to detract from controlling students’ learning and from 
teaching them exclusively for the test. Those teachers are likely to favour student- 
directed, open-ended science inquiries followed by greater citizen involvement in 
issues related to wellbeing of individuals, societies and environments (Krstovic, 
2014).

Incorporating student-centered and activist pedagogies into one’s repertoire of 
teaching is likely, however, to be faced with personal as well as structural barriers. 
Some teachers may find comfort in the predictability of familiar teaching strategies, 
leading them to avoid unknown and risky pedagogical approaches (Sutton & 
Wheatley, 2003). Moreover, parents and society in general may ascribe to conserva-
tive views of science education — expecting classrooms to be a place where stu-
dents accumulate scientific ‘facts’ (Lakin & Wellington, 1994). Students themselves 
might be overwhelmed by demands of student-centered learning approaches, per-
haps, as a result of low exposure to open-ended and student-led investigations (Reis, 
2014). Also, overcrowded curricula would deter teachers from implementing 
student- centered activities which could take away from ‘instruction time’ (Reis, 
2014). Those challenges and others are likely to exacerbate the task for pre-service 
teachers who might resist teaching against the grain, especially in the early years of 
their careers (Carlone et al., 2010). Not only are novice teachers unwilling to posi-
tion themselves as outsiders to their communities of practice, their initial experi-
ences teaching in formal classroom settings might further constrain their agency as 
teachers who might, otherwise, teach in non-standard ways and/or for uncommon 
purposes (Hodson, 2009). For instance, Darren Hoeg and Larry Bencze (2014) 
found that while pre-service teachers’ pre-practicum orientations and beliefs were 
conducive to implementation of socio-political activism on STSE issues, their post- 
practicum orientations demonstrated more skepticism in their ability and desire to 
implement such atypical practices. The authors discussed this misalignment in pre- 
and post-practicum experiences in relation to possible influences of a hegemonic 
school culture embodied by the associate teacher. This apparently hegemonic cul-
ture, which prioritises content teaching, is believed to be co-extensive with neolib-
eral structures that position science knowledge as a commodity to be consumed by 
students (Bencze & Carter, 2011). In light of those challenges facing pre-serving 
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teachers to incorporate sociopolitical activism in their future teaching, it would be 
more feasible to prepare beginner teachers to be able to teach within and against the 
system (Campano, 2007). Indeed, reforms in teacher education programmes are not 
to be viewed as static, resulting in ‘teachers as finished products’ (Brickhouse & 
Bodner, 1992); but, rather, as ‘ongoing accomplishments steeped in both historical 
traditions and innovation’ (Roth as cited in Carlone et al., 2010). In other words, if 
teacher training programmes were to prepare novice teachers to teach against the 
grain, in this case preparing teachers for sociopolitical activism, teacher education 
courses may need to support student-teachers to navigate tensions between institu-
tional/political structures and agency (Carlone et al., 2010).

18.4  The Context of the Study

In this chapter, we explore extents to which a teacher education course, entitled 
Science for Democracy, which was structured around the STEPWISE pedagogical 
framework (see Fig. 18.1), might prepare student-teachers to infuse socio-political 
activism in their future practice. The general aim of STEPWISE is to “encourage 
and enable students to apply their science and technology education, including their 

Fig. 18.1 STEPWISE pedagogical framework
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primary and secondary research findings, to take socio-political actions to address 
STSE issues” (www.stepwiser.ca). Actions could include developing and distribut-
ing informational posters, petitions, letters and/or videos targeted to powerful peo-
ple and groups that may assist in reducing environmental and social problems due 
to techno-science applications.

The STEPWISE framework can be operationalized through a pedagogical 
approach that engages students in Research-informed and Negotiated Action 
(RiNA) projects on STSE issues. In the context of this pre-service teacher education 
course, student-teachers led their own RiNA projects in conjunction with pedagogi-
cal learning about RiNA. Prior to the RiNA project, the course typically started with 
an apprenticeship phase, which is mostly teacher-directed. In our study, the course 
instructor (fourth author) and his TA (second author) initiated the RiNA apprentice-
ship by allowing student-teachers to: 1) reflect on and express their preconceptions 
about an STSE issue, 2) learn about RiNA to stimulate discussions on powerful 
stakeholders related to an STSE issue and 3) engage in mini-RiNA projects. The 
apprenticeship is intended for participants to consider various types of actions to 
address potential harms to wellbeing of individuals, societies and environments 
(WISE) due to business-government-technoscience partnerships (Venturini, 2010). 
As its name suggests, RiNA stresses needs for research to inform such actions. To 
model RiNA projects, the course instructor showed a video (www.youtube.com/
watch?v=WhN6PS1GT9c) discussing an STSE issue surrounding makeup and liq-
uid foundation. This video was developed by high school students as one possible 
form of action to raise awareness on problems associated with this industry. Showing 
student-teachers successful examples of student/citizen activism would give some 
sort of visibility that might encourage them to see activism as a possibility in their 
lives. In return, the course instructor was pointing to pedagogical significance of 
using such videos to sensitize students to research-informed activism. The instruc-
tor also made available to student-teachers in this course an array of similar down-
loadable resources to support them in implementing STSE activism in their 
prospective teaching.

Following the apprenticeship phase, student-teachers self-led secondary and pri-
mary research projects (in the form of correlational studies) working in groups and 
planned appropriate actions related to an STSE issue of their choice.

This course was offered weekly (4 h/week) during the fall semester (Sep.-Dec., 
2014). The objectives of the course were twofold: 1) To develop student-teachers’ 
critical awareness about potential problems linked to decisions about science and 
technology made by powerful individuals and groups, followed by designing RiNA 
projects to address problems of their choice and 2) To enable and support student- 
teachers in implementing research-informed and negotiated activism on STSE 
issues in their future practice.

With regards to the first objective, we believe that allowing student-teachers to 
experience a self-led RiNA project first-hand, in contrast to merely ‘telling’ them 
about RiNA, might be a powerful way to support them as active citizens and as 
politicized teachers. Derek Hodson (1999) appears to concur when saying that, “if 
teachers are to politicize students, prepare them for and engage them in  sociopolitical 
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action (…), they, too, must be politicized. They also must have been prepared for, 
and have engaged in, sociopolitical action” (p. 793).

Based on Roth’s (2001) science and technology interrelated model (Fig. 18.2), 
the more individuals have control over dialectical relationships between the World 
(e.g. technological inventions) and representations (Signs) of them (e.g., science 
laws and theories), the deeper and more committed may be their learning. If we 
were to adapt Roth’s model to teacher education programmes and, more particu-
larly, to the objectives of this course, developing teachers’ pedagogical expertise 
and commitment to teaching for socio-political activism might be limited if the 
course instructor solely presented future teachers with pedagogical models and the-
ories about ‘activist’ teaching (Signs) without equally emphasizing reciprocal rela-
tionships (Sign ←→ World). In the case of the course Science for Democracy, 
student-teachers had opportunities to experience a double layering of Sign ←→ 
World transitions. For the first layer, by conducting their own RiNA projects, 
student- teachers transformed their own developed representations (e.g., their pri-
mary research) into the world (as actions). For the second layer of Sign-World trans-
lation, the pre-service course required them to design their own lesson plans about 
RiNA (as a Sign) and implement it in an actual classroom setting (World). Because 
the course was designed to support parallel dialectical Sign←→ World translations, 
it becomes relevant to explore extents to which student-teachers might have devel-
oped deeper and more meaningful connection with RiNA on STSE issues. Indeed, 
previous research suggests that when students-teachers are given opportunities to 
self-direct their own RiNAs, they develop greater emotional attachment and com-
mitment to implement RiNA in their future practice (Bencze & Sperling, 2012). Our 
study attempts to further characterize relative development of those pedagogical 
dispositions.

Consistent with the course’s second objective, we define pedagogical disposi-
tions in terms of student-teachers’ level of confidence, motivation and expertise to 
implement RiNA in their future teaching. The course might have further developed 
student-teachers’ pedagogical dispositions to adopt RiNA (second objective of the 
course) by enabling them to develop their own pedagogical resources based on their 

Fig. 18.2 Science and technology interrelated model (Roth, 2001)
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own RiNA projects, possibly resulting in greater self-identification with their prac-
tice. Moreover, and towards the end of the course, student-teachers were given the 
opportunity to practise teaching ‘against the grain’. Working in pairs and assessed 
by their peers, student-teachers introduced their RiNA project to a group of grade 9 
students at a public high school in Toronto. This short episode of teaching (approxi-
mately 30 min), henceforth referred to as microteaching, consisted — to varying 
degrees — of student-teachers following three pedagogical components: 1) eliciting 
grade 9 students’ existing conceptions about an STSE issue of their choice; 2) intro-
ducing Actor-Network Theory (ANT) (Latour, 2005), whereby actants (both semi-
otic and material) related to an STSE issue are interconnected in complex and 
dynamic ways (see Fig. 18.3 for an example of an ANT drawn by student-teachers 
investigating the STSE issue of cars); and, 3) making use of their own RiNA project 
to incite grade 9 students to consider sociopolitical activism as a rightful/democratic 
option for citizen involvement in knowledge production and decision-making on 
STSE issues.

Engaging student-teachers in this episode of microteaching, albeit short in dura-
tion, was planned to help boost their confidence, motivation and expertise to imple-
ment RiNA in the future by reinforcing translations from Sign to World (Fig. 18.2), 
as described above. Moreover, terms such as undemocratic education (used in the 
context of this course to refer to an education that does not convey to students an 
accurate/complete representation of STSE relations), citizen participation in knowl-
edge production and decision-making were repeatedly used by the course instructor 
and his assistant hoping to extend student-teachers’ orientation towards not merely 
teaching content knowledge but also teaching for social justice and democratic 
participation.

Fig. 18.3 An actor-network map (Venturini (2010); Drawn by student-teachers on the STSE issue 
related to cars)
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Since, this chapter is mainly concerned with research regarding support for 
student- teachers in implementing RiNA in their prospective teaching (second objec-
tive of the course), discussions of findings related to the course’s first objective are 
only highlighted whenever they were found to contribute to increasing student- 
teachers’ pedagogical confidence, motivation and expertise to implement RiNA on 
STSE issues.

18.5  Research Methodology and Methods

To account for how the pre-service course might have motivated and supported 
student-teachers to use RiNA in their future classrooms, we begin by exploring their 
perspectives on whether school science should prepare students to engage in socio- 
political activism on STSE issues. Then, we describe extents to which student- 
teachers perceived that the course helped them to develop their confidence, 
motivation and expertise to teach for sociopolitical activism on STSE issues.

Fourteen participants (50% of class size) consented to participate in this study. 
All participants were pre-service teachers studying at a university in Toronto, 
Canada. They were enrolled in the pre-service course ‘Science for Democracy,’ 
which is an elective course, open to student-teachers from various educational back-
grounds and teaching qualifications. Given space limitation and for more in-depth 
analyses, we focused our study on differential learning outcomes that emerged 
among three main clusters of teacher candidates. Aligned with constructivist lean-
ing theory, individual student-teachers came into this elective course with differing 
educational backgrounds and research experiences that appeared to have an influ-
ence on how they would interact with the knowledge presented to them during the 
course. With regards to participants’ level of involvement in previous research and 
their educational degrees, three main clusters emerged: (1) Science degree and 
research background, (2) Science degree/limited research background, (3) Non- 
science degree/no research background. Those with science and research back-
grounds included some with an advanced university science degree or science-related 
field and some research experience in fully self-directing research (i.e., full control 
over design, data collection, analysis and conclusions). Student-teachers with a sci-
ence background and limited research experience, included those who have a uni-
versity science (or science-related) degree and those who had partial control over a 
previous research (either collecting or analyzing data). Finally, our last cluster of 
student-teachers comprised those with no science degree nor significant post- 
secondary research background. It is important to note here that those categoriza-
tions are not discontinuous and variations within-clusters are evident in our data. 
However, we chose to organize findings according to those three clusters because 
patterns in student-teachers’ overall learning in this course emerged in relation to 
participants’ research experience and science background.

Table 18.1 represents a summary of the three main clusters of student-teachers 
and of the data sources used to analyze their levels of pedagogical confidence, 
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Table 18.1 Description of the study sample on the three clusters

Cluster 1:  
Science and 
research 
background

Highest degree 
earned

Research 
experience

Data sources

Max PhD (2nd year, 
population  
dynamics)

Theoretical 
ecology

STP+ 3 interviews + Teaching 
RiNA and views on citizenship 
survey + Reflections on 
micro-teaching

Luke PhD (cancer 
research)

Cancer research STP+ 3 interviews + Teaching 
RiNA and views on citizenship 
survey + Reflections on 
micro-teaching

Ben PhD (Immunology) Immunology 1 interview
Mary PhD (evolutionary 

biology)
Fungal biology STP+ 1 interview + Teaching RiNA 

and views on citizenship survey + 
Reflections on micro-teaching

Cheryl B.S and M.A 
education

Social studies STP+ Teaching RiNA and views on 
citizenship survey + Reflections on 
micro-teaching

Alan B.S Neuroscience Gender studies 1 interview
Cluster 2: Science degree/ limited research background
Blake B.S Physics Limited STP+ 2 interviews + Teaching 

RiNA and views on citizenship 
survey + Reflections on 
micro-teaching

Ava Bachelor in  
Physical and  
health education

Limited STP+ 3 interviews + Teaching 
RiNA and views on citizenship 
survey + Reflections on 
micro-teaching

Layla M.S Biochemistry Limited STP + Reflections on 
micro-teaching

Hannah Bachelor in 
Mechanical 
engineering

Limited STP+ 2 interviews + Teaching 
RiNA and views on citizenship 
survey + Reflections on 
micro-teaching

Leo B.S chemistry and 
biology

Limited STP+ 1 interview + Reflections on 
micro-teaching

Julie B.S Biology Limited 1 interview
Cluster 3: Non-science degree/no research background
Alexander Hospitality 

services
None STP+ Teaching RiNA and views on 

citizenship survey + Reflections on 
micro-teaching

Lewis Hospitality 
services

None STP+ 3 interviews + Teaching 
RiNA and views on citizenship 
survey + Reflections on 
micro-teaching

All names are pseudonyms
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 motivation and expertise to use RiNA. Note that data sources for all fourteen partici-
pants are not the same given their various degrees of consent to participate in aspects 
of this study.

We analyzed participants’ learning experiences based on the following five data 
sources:

 1) Cathleen Loving’s (1991) Scientific Theory Profile (STP) was used with student- 
teachers before and after the course to determine whether their views about 
knowledge trustworthiness and knowledge production changed over the period 
of the course. The STP is composed of a grid with the x-axis referring to meth-
ods for judging theory. Philosophers on the Rationalist side of the x axis view 
that science is a rational process and that scientists make decisions about their 
work in systematic and logical ways (despite that they might acknowledge out-
side influences, those philosophers say that scientists are able to reduce outside 
influences to work in objective ways). Philosophers on the Naturalist side view 
that science theories are influenced by inside/outside factors (gender, social, eco-
nomic, cultural, etc.). The y axis relates to the truth value of scientific theories 
(or the extent to which scientists are able to achieve the truth). On the Realist 
side are those philosophers who say that scientists develop claims that match 
phenomena while the Anti-realists think that scientists can never reach absolute 
truth and that there will always be uncertainties and doubts about any claim. 
Between the Rationalist and the Anti-realists are Instrumentalists who say that 
scientists can develop laws and theories that serve as tools or instruments that 
work for the time being but do not necessarily represent the truth. The course 
provided pre-service teachers with many opportunities to reflect on nature of 
science, including but not limited to: designing and conducting correlational 
studies (primary research), classroom discussions surrounding critical STSE 
issues and playing a NOS card exchange game (Cobern & Loving, 2002). In this 
game, student-teachers convinced their peers to trade cards containing single 
statements about which they least agreed (e.g. ‘scientific knowledge corresponds 
directly with reality’) with statements/cards that most resonated with their per-
sonal views (e.g. ‘scientific knowledge is our understanding of reality’).

 2) Interviews: The first author conducted interviews with participants before and 
towards the end of the course (without the instructor knowing the identity of the 
interviewees). The interview instruments included items from the VOSTS 
(Views on Science-Technology-Society) questionnaire (Aikenhead & Ryan, 
1992), follow-up and probing questions derived from students’ written artefacts 
(namely the “Teaching RiNA and views on citizenship survey”, see below for 
description). The interview questions also were designed to allow student- 
teachers to express the extent to which they feel that their confidence, motivation 
and expertise to implement RiNA have developed. After the course grades were 
submitted, the fourth author (course instructor) met with some pre-service teach-
ers, who consented to a follow up interview, eliciting their views on the course 
in general, on the STP, and their level of commitment and expertise to prepare 
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student-activists. All four authors met regularly to discuss and revise all inter-
view instruments.

 3) Teaching RiNA and views on citizenship survey: This survey was developed col-
laboratively by all four authors. Almost all student-teachers in this course com-
pleted this survey as part of class work assignments. Participants rated their 
views AND justified their opinions on the extent to which they feel that it is 
important for science teachers to promote science activism on STSE issues and 
the extent to which they feel able to promote RiNA on STSE issues, among other 
items.

 4) Reflections on micro-teaching: All student-teachers were required to submit a 
1–2 page(s) reflection following their microteaching. Those reflections typically 
included a general overview of the lesson and their opinions about its strengths 
and its weaknesses. Student-teachers also incorporated in those reflections their 
peer assessment and some even used those assessments as bases for further 
reflections on their practice.

 5) Researcher’s field notes: The first author observed almost all classes (6 out of 7) 
and took field notes from classroom interactions and from 30-min microteaching 
sessions (per pair of student-teachers). Also all four authors had access to class-
room lesson plans through an online forum that student-teachers used to post 
assignments and access resources related to RiNA.

To determine participants’ views on science education’s role in preparing citizen- 
activists and on whether the course supported them to incorporate RiNA in their 
teaching repertoire, we coded data from all the five sources, listed above, for recur-
ring themes using constant comparative methods (Charmaz, 2014). Themes were 
continuously negotiated between all four authors to ensure further validity. Some of 
the themes seemed to be consistent on the three previously mentioned clusters of 
student-teachers. Other themes materialized as a result of within-cluster, as well as 
across-cluster, analyses.

18.6  Findings

To account for extents to which the course politicized student-teachers, able to help 
their future students become citizen-activists, we begin by exploring whether the 
course influenced participants’ conceptions of STSE relationships and nature of sci-
ence. Next, we report their opinions on whether school science should encourage 
students to design and conduct RiNA projects on STSE issues. Later, we examine 
their perceptions on the extent to which they considered the course to have had an 
influence on their dispositions (in terms of confidence, motivation and expertise) to 
implement RiNA apprenticeships and student-led projects.

Views about Science: Towards a Critical STSE Education Science teachers’ 
understanding of nature of science (NOS) might influence their students’ NOS 
views (Abd-El-Khalick & Lederman, 2000). Teaching explicitly about NOS was 
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not, however, an end by itself but rather a vehicle towards critically questioning 
STSE relationships for increased democratic participation. Given that the 
STEPWISE pedagogical framework prioritizes greater citizen involvement in 
knowledge production and decision-making on STSE issues, this pre-service course 
was tacitly rejecting a linear view positing science as prior to and essential for tech-
nology design for societal uses (Ziman, 1987) and, rather, promoting more fluid and 
reciprocal relationships, as depicted in Fig. 18.4. At the end of the course, some 
participants seemed to espouse this, rather dynamic, view of STSE  — in which 
Science and Technology, as interactive fields (Roth, 2001), are permeable (as indi-
cated by the dotted lines) to outside influences. While we acknowledge that such 
influences may be considered positive or negative, a critical understanding of STSE 
relationships warrants the view that “technological and scientific developments are 
inextricably linked with questions about the distribution of wealth and power and 
that problems of environmental degradation are rooted in societal practices and the 
values and interests that sustain and legitimate them” (Hodson, 2010, p. 200).

Such interactive and reciprocal relationships among fields of science and tech-
nology and societies and environments implies a Naturalist view of nature of sci-
ence (Loving, 1991), whereby scientists’ work is perceived to be subject to many 
influences by powerful people and groups (see examples in Fig. 18.4 that are based 
on participants’ aggregated responses). We even argue here that promoting Naturalist 
views about science may be conducive to greater citizen engagement in decision- 
making on techno-scientific issues. In contrast, Rationalist-Realist views (Loving, 

Fig. 18.4 STSE relationship model
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1991), whereby scientists are thought to work in systematic and disinterested man-
ners to discover ‘the truth,’ might be conveying the message to students that scien-
tists with superior skills, attitudes and knowledge (Allchin, 2003) are better 
positioned to take decisions for them.

Student-teachers who had an advanced science degree (PhD) and who spent 
some time doing empirical research in their fields (cluster 1) identified themselves 
as ‘scientists,’ given their formal training; e.g., “I don’t think of myself as a social 
scientist but rather as a scientist teaching” (Mary). They felt that the course merely 
reinforced their previously-held views that: 1) science leans towards Naturalist- 
Anti- realist side (Loving, 1991) and that 2) science and technology fields are 
embedded in political, economic and social structures (Fig. 18.4). With regards to 
their views about nature of science, one participant within cluster 1 revealed domain- 
specific views on STSE issues, perceiving physics to be more rationalist than biol-
ogy since, according to him, less funding goes into physics, which would in return 
makes it less susceptible to outside influences.

Physicists are more rationalist. Science in average is slightly to the naturalist side of things 
for reasons that biology is much more naturalist, more funding goes into biological research, 
more funding (and biotech) anything that is much more readily applicable has more poten-
tial for being influenced… Geologists reaching the past could be more rationalist than 
geologists predicting the future (Max).

As the course progressed, some of the participants in clusters 2 and 3 shifted 
their views about nature of science towards the Naturalist end on Loving’s (1991) 
spectrum.

Science is on the Naturalist side (…) before the course, I might have been closer to the 
middle (…) doing the card exchange game (nature of science) and listening to everyone’s 
inputs in class discussion and why they stand where they do had a great influence on my 
views (Ava).

Since I took this course it changed a bit, so now it’s more towards naturalist (…) From a 
Naturalist perspective, just doing the correlation study, we had some perspectives, we were 
looking for some types of information (…) Also, seeing the projects in class that kids did, 
the one on makeup, it had a great impact on me, it was great to see how the kids push back 
against this industry (Lewis).

Engaging with the video developed by high school students on makeup and liquid 
foundation, constructing actor-network maps, designing and conducting the corre-
lational study, and playing the card exchange game related to nature of science are 
some of the major factors that student-teachers in clusters 2 and 3 considered to 
have had an influence on their views. There is, however, not enough evidence to 
suggest that the course changed student-teachers’ views on the truth value of sci-
ence (Realist vs. Anti-realist).

Other participants, namely from the second and third cluster, felt that the course 
enlightened them to roles of various ‘hidden’ actants (Latour, 2005) who might 
influence work of scientists and engineers; e.g., “I never paid much attention to how 
government and society might affect decision-making and policies on STSE and 
how I was blind to those external factors” (Ava). Those participants valued how the 
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course primarily empowered them to reconsider their role as present political sub-
jects. The course might have somewhat developed their political interest:

Thank you for opening my eyes wider to STSE issues (…) I was rarely involved in STSE 
issues before this course. As a citizen, I always had the thought that someone else is han-
dling these problems. Some may view these STSE issues as government problems and feel 
they are not capable of changing the issues or do not know the avenue on how to become 
part of the solution. The non-trust of citizens on joining STSE groups is based on corrupt 
organizations who ask for funding to solve problems of society, but in turn use these profits 
for personal gains such as CEO’s of large ‘non-profit organizations’. Perhaps this is a social 
justice issue in itself (Alexander).

School Science’s Role in Research-Informed Activism on STSE Issues When 
asked whether school science should prepare students to do their own research AND 
take actions on STSE issues, almost all participants agreed that developing stu-
dents’ critical engagement with knowledge and increasing their sense of social 
responsibility should be promoted through school science.

I think it is absolutely critical that students learn how to think for themselves when it comes 
to science and technology-based issues (…) I also think that students are ready to tackle 
issues head on, and to feel engaged through more meaningful mediums like problem solv-
ing around real-world issues, leading campaigns of change, developing relations with local, 
national and international partners, finding a sense of motivation through their own 
community- oriented work, and I think that RiNA projects have the potential to offer this 
type of learning atmosphere for students (Cheryl).

Having students go through the process of researching a problem, identifying key actants 
within a system and formulating a plan of action will help develop their skills in critical 
thinking. Ultimately, I believe that teaching science can be considered “gateway activism”, 
whereupon students acquire the basic skills to research issues, whether they pertain to sci-
ence or not, and come up with their own views and plans of action (Ben).

However, others believed that it is mainly “the scientists’ job” (Ava) to produce 
knowledge, since citizens lack technical equipment, are not formally trained as sci-
entists and have other commitments. Student-teachers seemed to rationalize the 
relative exclusion of laypeople from processes of knowledge production with rela-
tion to division of labour (Michael, 1996). Still, they believed that it’s important for 
students/citizens to critically evaluate knowledge from secondary sources in Ava’s 
saying: “I think we should teach students to question the information they are get-
ting, it would be more realistic to prepare them to be critical than do primary 
research”.

There is some evidence that suggests that some student-teachers (mainly from 
cluster 2) may not have recognized possibilities that by teaching students specific 
skills they will be simultaneously teaching citizens. Asking them the question, 
‘Should we be encouraging the society to do their own research?’, Julie replied: “I 
never thought about it in that sense (…) I think that primary research is important to 
teach to students but to citizens, I never thought of that...” Some of those pre-service 
teachers from cluster 2 seemed to view their role in preparing students to identify 
with the subculture of science as insiders rather than outsiders (Aikenhead, 2006), 
such as Leo who said: “I think it’s a good thing to teach students how to do their own 
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research because maybe you will hit those who are interested in becoming scien-
tists”. Many student-teachers mentioned that correlational studies, as approaches to 
knowledge production, are more accessible to citizens than experiments and that 
citizens can nowadays more readily engage in data collection facilitated through 
social media, online surveys and other technological tools. Lewis particularly 
expressed this latter view: “I think already the world is fascinated with surveys, 
everything you see on Facebook… People are always investigating what they eat in 
their daily routines”.

Pedagogical Dispositions (Confidence, Motivation, Expertise) to Implement 
RiNA In an attempt to ease student-teachers’ anxiety and possibly increase their 
willingness to implement RiNA in their prospective teaching, the course instructor 
made sure to highlight that STSE activism doesn’t necessarily oppose the mandated 
curriculum but, rather, reorients its purpose:

Everything we are doing is part of the Ontario curriculum, the only thing we are adding is 
for students to actually test their plan of action. The Ontario curriculum stops at developing 
a plan of action without testing it (Larry, Field notes, class 5).

Such a strategic comment could be considered a way to prepare student-teachers to 
work within and against the system. Although actions are a supplement to tradi-
tional STSE teaching, emphasizing sociopolitical actions underlines critically 
examining the status quo of societies and roles of citizens in representative democ-
racies. Thus, ‘adding’ an action component to STSE teaching is not to be under-
stood as a superficial revision but, rather, as a basis to question roles of schooling in 
a democracy for a democracy (Carr, 1998).

Student-teachers’ level of confidence and motivation to implement RiNA in their 
teaching varied. Some seemed to be committed to adapt RiNA into their teaching 
practices.

I am already considering methods to incorporate a study like this into a hospitality program. 
It is a great way to inform and motivate students to seek answers to challenges the world 
faces. Students need to see that they can impact the world. This project (RiNA) empowers 
students to consider activism as a possible method for dealing with STSE issues (Lewis).

Moreover, those who considered themselves ‘activists’ in their everyday lives 
seemed to strongly endorse preparing active and informed citizens through science 
education — such as is indicated in a comment by Mary:

I consider myself a citizen activist and spend a lot of time involved in public education 
programs, and lobbying and advocating for policy reform (…) I will always make this type 
of education (research-informed activism) at the forefront.

Most participants mentioned that while they believed that it is important to promote 
attitudes of critical thinking and social responsibility among students, they noted 
various challenges that might hinder those efforts: (1) students might not be moti-
vated enough to take actions mentioning apathy as a symptom of individualistic 
societies (2) primary research is hard to implement, (3) structural challenges (e.g., 
school/department cooperation) and (4) RiNA takes a lot of time since it needs to be 
consolidated over various loops of apprenticeships across various curricular units 
(refer to Fig. 18.1), a bit overwhelming for beginner teachers.
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In my practicum, I thought how would I be able to do RiNA if I have all this material to be 
covered, especially if you are new teachers (Hannah).

RiNA is hard for new teachers…you need lots of expertise in teaching students the basic 
stuff and then to teach them how to think critically….I think I will teach the content first 
(Leo).

Leo was very explicit saying that as a beginner teacher, he might prioritize teaching 
science content over critical thinking.

Some participants in the first cluster (science and research background) men-
tioned that their advanced science background, coupled with taking this course, 
gave them increased confidence and expertise to teach about RiNA:

In schools now there is no connection between primary, secondary research and action. It is 
important in the future to make connections between them. Having gone through this course 
and seeing how they connect to each other, I can now construct a yearlong project that 
incorporate all of these. It takes time to do and it takes different levels of knowledge and 
skills to do each step. Maybe other teachers are not prepared to do this but having taken this 
course and having a science background, I feel better able to take students through all those 
steps (Luke).

I came into this course with a wealth of information about misappropriations of science, the 
course gave me a framework to work with those ideas with students (Alan).

Some other participants, regardless of their educational background and research 
experience, revealed some pedagogical dispositions to implement RiNA as a result 
of doing their own RiNA projects but also as a result of the microteaching:

I felt more confident teaching RiNA after the microteaching after seeing how students were 
excited about the things that we did (Hannah).

I think I could really work the RiNA framework into my own curricular design. Now that I 
have been through my own project, understood the pitfalls and my own misunderstandings, 
as well as having some experience working with the framework in a high school classroom 
(i.e. micro-teaching), I can build on this knowledge to better inform my pedagogy in the 
sciences (Cheryl).

We have more expertise in our project to use it as pedagogical resource and also possibly 
more emotional/personal investment in it, we know the challenges (like coming up with 
questions) we have expertise (…) to be able to talk about our successes and failures and tell 
students what to expect (Lewis).

Furthermore, some expressed views that using their own RiNA project to inform 
their pedagogy increased their emotional attachment to what they were teaching 
and, as a result, they felt they could motivate their students to lead similar projects.

By using your own RiNA as a pedagogical tool, you take ownership, it motivates the stu-
dents in that they will be doing something that you did yourself and you can tell them about 
the limits, weaknesses as you have experienced them, and you can relate more personally 
to the topic (Blake).

I feel having done it, especially if I were to teach RiNA….if I can do it, you can do it….it’s 
a doable project and it made me more passionate teaching about it (Hannah).

However, with additional prompting, most participants revealed that they might 
not have developed enough pedagogical expertise to implement such projects in 
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their classrooms especially that the microteaching was limited to implementing the 
first phases of the STEPWISE framework.

I would have been less prepared to engage students in RiNA if I didn’t take this course but 
I don’t see myself very well prepared (Max)

The course was so focused on the RiNA project at the expense of the pedagogy (Lewis)

I don’t feel quite prepared. I need more practice, the micro-teaching was not enough (Ava)

While their pedagogical dispositions to implement RiNA might not have fully 
developed, participants demonstrated better pedagogical dispositions to teach about 
complex relations that might exist between science, technology, society and the 
environment. Almost all participants emphasized components of ANT teaching in 
their microteaching lesson plans:

There was evidence that students had positioned themselves in the material, when they later 
drew themselves into the ANT Map, and also began comparing their own perceptions on the 
STSE issue, with what they thought their parents would think. We purposely highlighted 
hidden actants that students would find surprising (Cheryl).

Since almost all participants emphasized ANT teaching in their microteaching les-
son plans, this might serve as an indication that they have developed some peda-
gogical commitment to using a ‘networked’ approach when teaching about STSE 
issues. Specifically, Layla developed a lesson plan addressing the problem of plastic 
bag pollution as a global issue based on local problems associated with plastic bag 
pollution in her own home country, Somalia. Pairing with Luke, she started her les-
son eliciting grade 9 students’ preconceptions about plastic bag pollution as an 
STSE issue. Layla gave students the following cards: landfill, delegates, plastic 
bags, pirates, manufacturers, and asked them to arrange them as they find appropri-
ate. Students initially arranged the actors “in a linear, one-way fashion” (field notes, 
Layla’s reflection). She then introduced ANT and the case of plastic bag pollution 
in Somalia. Below is an excerpt from her reflections indicating that she might have 
been successful teaching about ANT:

For the second activity we have given students the same picture cards and asked them to 
arrange them again (…) we were surprised how quickly they understood how these are 
interconnected and how these connections are not linear.

18.7  Discussion

Our findings are grounded in participants’ subjective reflections on their own learn-
ing experiences in this course. Mirroring a democratic dialogue, this chapter 
attempts to put in conversation participants’ views of their learning (and of them-
selves) and our understanding of those views and experiences. While student- 
teachers were primarily implementing the STEPWISE framework, they were invited 
to evaluate this ‘activist’ pedagogy to inform their own practice, as evidenced in 
Max’s saying:
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Most of the learning goals associated with the RiNA project should be incorporated in the 
curriculum, and important for students to know. I would rather incorporate those in smaller 
lessons. I don’t think RiNA is the only way of reaching those goals.

Max’s reflection on RiNA allowed him to take ownership over his future practice by 
envisioning himself teaching for socio-political activism beyond the STEPWISE 
framework.

A major finding of our study seems to be that student-teachers’ educational back-
ground and research experience influenced the extent to which the course had an 
influence on their views about STSE and NOS, as well as on their dispositions to 
teach for socio-political activism. The course allowed participants, mainly in clus-
ters 2 and 3, to begin to think critically about STSE issues while simultaneously 
shifting their views about how scientific knowledge is generated. Since we have 
limited data regarding students’ views about truth value of knowledge from the sci-
ences, future direction for this course might be to make more explicit the notion that 
democratic participation on STSE issues involves an appreciation of the open- 
endedness and interpretive nature of scientific knowledge.

Participants in cluster 1 (Science and research backgrounds) were slightly more 
assertive of their willingness and ability to engage their students in research- 
informed and negotiated activism compared to participants from clusters 2 and 3. 
This finding partly resonates with previous research that suggests that the likelihood 
of pre-service teachers using inquiry in their classrooms is increased for those with 
significant research background and advanced science degrees (Windshitl, 2004). 
Some participants (regardless of their belonging to a specific cluster) mentioned 
that doing the RiNA project followed by the episode of microteaching contributed 
to developing, to a certain extent, their pedagogical dispositions to implement RiNA 
in their future practice. There seem to be at least two possible explanations for this. 
First, as a result of having control over the reciprocal translations from Sign to 
World and World to Sign (Roth, 2001), student-teachers might have developed 
deeper and more meaningful connections with RiNA on STSE issues (Bencze & 
Sperling, 2012). This personal identification with their own self-led project might 
have resulted in greater pedagogical commitment and expertise to implement RiNA 
in their teaching. A second explanation could be that student-teachers were deliber-
ately making use of their metacognitive skills to reflect on how their own experi-
ences doing the RiNA project might help them address future concerns that might 
come up with their students.

Although the course was intended for pre-service teachers to reconsider their 
roles in teaching citizens and not only students, some participants in cluster 2 
revealed that they might still ascribe to a traditional model of schooling that primar-
ily values content teaching over preparing critical and active citizenry. On the other 
hand, the course seemed to have influenced student-teachers’ pedagogical disposi-
tions to teach about Actor-Network Theory (ANT). In contrast to an isolationist 
portrayal of science that might alienate citizens from participating in decision- 
making (Rudolph, 2005), allowing students to see complex relations among actants 
regarding STSE issues seems to be an important step to institute change (Pierce, 
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2013) and to design effective action plans that target specific stakeholders. Layla’s 
ability to present complex relationships surrounding plastic bag pollution in a famil-
iar context (Somalia) might be further indication of her pedagogical expertise to 
teach about ANT.  As a foreign teacher in a Canadian context, Layla’s personal 
investigation and emotional attachment to this STSE issue (Bencze & Sperling, 
2012) being both a global and local concern afforded a space to connect with her 
students by bridging geographical and cultural boundaries. As a result of this pre- 
service course, she might have become empowered as a ‘glocalized’ citizen (Luke 
1994 cited in Vasquez, 2013) infusing the local with the global and the global with 
the local (Local ←→ Global) to act and push students to act on environmental prob-
lems that ultimately affect everyone.

Given its open-endedness and its emphasis on self-directed learning, the 
STEPWISE framework is aimed at increasing students’ political efficacy for well-
being of individuals, societies and environments, while simultaneously valuing the 
cultural backgrounds and experiences of students and perhaps, as evidenced here, 
those of teachers. Going back to Roth’s (2001) dialectical model of World-Sign, 
Layla’s ability to critically read her World (deconstructing the local issue of plastic 
bag pollution in Somalia) allowed her to read her word (Freire, 1987). This is evi-
dent in her ability to design a personally relevant lesson plan (Sign) that somehow 
informed her creative approach when teaching about ANT (World).

Contributing to student-teachers’ limited pedagogical dispositions to teach for 
socio-political activism are some perceived challenges in the school system that 
mainly stresses science content teaching. Although the course instructor underlined 
that research-informed and negotiated activism does not necessarily oppose the cur-
riculum, the course needs to develop further strategies to support pre-service teach-
ers as both insiders and outsiders to the hegemonic culture of teaching and learning 
(Carlone et al., 2010).

18.8  Implications

This pre-service course could be viewed as a model to prepare science teachers to 
reconsider their roles in democratizing their classrooms as sites of authentic inquiry 
and action on STSE issues. Since student-teachers’ backgrounds were found to 
influence their learning outcomes in this course, it might be important to tailor 
teacher-training programs to individual student-teachers’ experiences and levels of 
education. The course could have further supported pre-service teachers to use 
research-informed and negotiated activism in their practice if it engaged them in 
multiple translations from World to Sign and Sign to World (Roth, 2001). For 
instance, student-teachers might have better consolidated their knowledge, attitudes 
and skills to conduct research-informed and negotiated actions if the course was 
designed over various loops of apprenticeships as part of a spiral curriculum. Also, 
the course needed to ideally balance engaging pre-service teachers in designing and 
conducting RiNA projects and teaching about research-informed and negotiated 
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activism in actual classroom settings. Lastly, student-teachers’ pedagogical disposi-
tions and commitment to use socio-political activism in their prospective teaching 
might have been improved if they had multiple opportunities to practice teaching for 
participatory citizenship, beyond the microteaching.
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Chapter 19
Teaching Girls to Fish?: A Case 
of a Co-Curricular Food Justice Education 
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19.1  Introduction

Sustainability education requires understanding of complex systems and skills to 
investigate and actively address challenges within systems in the short term with an 
eye on long range impacts (Tilbury & Wortman, 2004). Often involving controver-
sial aspects of fields of science, such challenges are sometimes called socio- scientific 
issues (e.g., Sadler et  al., 2005). Issues such as climate change, food insecurity, 
access to fresh water and natural resources are some examples of how sustainable, 
systems-oriented citizen actions are required. Thus, within the field of sustainability 
education, there is impetus to engage learners with knowledge and skills of scien-
tific, social and economic systems and their interrelations. This impetus is a founda-
tion from which citizens can begin, as agents of change, to address challenges that 
have arisen in opposition, either intentionally or not, to the wellbeing of individuals, 
societies and environments. Sustainability education (among many types/approaches 
to environmental education) offers a particular and more holistic view of the human 
as a part of ecosystems (Shiva, 2005). Such a view may be considered an integral, 
but not necessarily central, piece of the ‘science, technology, society and environ-
ment’ (STSE) education paradigm that is promoted in some parts of the world 
(Pedretti & Nazir, 2011). Some STSE relationships may involve controversy and, in 
that sense, be comparable to socio-scientific issues. A holistic view, in partnership 
with an action orientation and engagement, can offer hope for wellbeing from a 
sustainability standpoint, and may include opportunities to consider injustices per-
petrated through social inequities, such as classism, racism and sexism (Martusewicz, 
Edmundson, & Lupinacci, 2011). In previous studies that engaged students through 
a research-based, action-oriented curriculum (i.e., Bencze, Sperling, & Carter, 
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2012), it was concluded that there are certain constraints in formal, institutional 
schooling that inhibit youth from full participation in civic engagement with sus-
tainability issues. Among these, limitations of time in combination with an official 
science curriculum that does not explicitly require student action around issues, at 
least in the Ontario context, caused disconnection between best intentions of sus-
tainability education and reality. Accordingly, this chapter considers that non- formal 
educational encounters can be rich sites of citizenship development around STSE 
issues, and can work in supporting development of strong citizenship attributes in 
youth that emerge through STSE issues.

There are multiple ways that youth are engaged in non-formal educational expe-
riences. Broadly, non-formal education has historically provided ‘real-life’ experi-
ences for youth, by meeting them in their communities, often in a form of place-based 
education (Gruenewald & Smith, 2008). Educational experiences that, either inten-
tionally or not, connect to realities of youth (or any learners) have been noted as 
being very successful ways of engaging them in learning and collaboration (Rahm, 
2010). There is a sense of freedom found in non-formal education that allows for 
localized, youth-driven curriculum that may inherently work toward sustainability 
by (learning to) knowing one’s own environment, physically, emotionally and 
socially (Barton, 2003).

This chapter explores a case of non-formal education that provides several 
opportunities for youth to explore many outcomes for sustainability education— 
intersecting science and citizenship education, in partnership with the university- 
based research team using the ‘STEPWISE’ (Science & Technology Education 
Promoting Wellbeing for Individuals, Societies & Environments) framework (www.
stepwiser.ca). In this case, as defined by us in reviewing objectives of local social 
justice organizations (e.g., via its website and advertising materials), we contacted 
an organization offering community-based programming that: provides access and 
exposure to conflict and structural power imbalances (that is perhaps more obvious 
than in the formal system); organically creates spaces of culture (as opposed to forc-
ibly); works at creating strength through localized, community-based scientific and 
other knowledge forms (uncited to protect anonymity for ethical purposes). This 
ideology works in concert with the STEPWISE program, which, as we see in other 
chapters of this and other publications, is a framework for organizing instruction in 
science & technology education that encourages and enables students/citizens to 
use their literacy to try to bring about a better world. The framework features rela-
tionships among common learning goals, including learning ‘products’ (e.g., laws 
& theories) of science and technology and developing science inquiry skills, 
and self-directed student research-informed and negotiated action (RiNA) projects 
to address potential problems related to decisions made by powerful people/groups 
about fields of science and technology, all working toward the wellbeing of indi-
viduals, societies and environments. How and why youth become engaged in these 
processes and to what degree they are able to create and use science knowledge 
through a sustainability action project were analysed from data gathered through 
this ethnographic case study.
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There is need for attention to socioscientific issues (SSIs) associated with prob-
lems stemming from relationships among fields of science and technology and soci-
eties and environments (STSE), such as physical and mental health, impacts of 
manufactured foods, power allotted to mega-corporate pharmaceuticals, and radia-
tion from electronic devices. Often because of associated threats to the wellbeing of 
individuals, societies and environments, many scholars and citizens urge educational 
systems to actively address SSIs. As such, school science needs improvement in 
many ways related to SSIs (MOE, 2009). Too often, it is oriented towards content 
instruction (e.g., facts, laws, theories) that can compromise education in other impor-
tant learning domains, such as skills and attitudes (Bell, 2006). Through repeated 
experiences of working with teachers in formal education systems, despite some suc-
cess (ie. Sperlng, & Bencze, 2010), it has become apparent that there are many chal-
lenges to pedagogies that can support and enhance student learning and action around 
SSIs. Particularly difficult to promote in such environments are student- led research-
informed and negotiated action projects (Bencze & Sperling, 2012). The outcomes of 
this project may contribute to the body of knowledge surrounding the growing need 
for youth to become engaged as citizens addressing issues of local and global import.

19.2  Theoretical Background

There is a great body of research literature suggesting that each of us is in dynamic 
relationships, to varying degrees, with other living and non-living entities on earth 
(Latour, 1999). From this perspective, many scholars strongly suggest that educa-
tors encourage and enable students to accept more collectivist epistemological 
stances and take actions that may contribute to improvements to wellbeing of indi-
viduals, societies and environments (Hodson, 2010). One approach to understand-
ing and implementing educational experiences that lead to collectivist ideology of 
wellbeing has been identified through use of socioscientific issues-based (SSI) edu-
cation. SSI education exposes students to ideas, information and knowledge through 
issues that are ideally, but not always, connected in some way to the lived realities 
of the students. The contextualization of content, in this way, provides more authen-
tic connections to experiences of learning and doing science, as well as focusing on 
empowering students to consider how issues reflect and engage with their own lives, 
as well as the physical and social world around them (Zeidler, Sadler, Simmons, & 
Howes, 2005). When students are exposed to and have begun to create knowledge 
about issues, they may also formulate action plans to undertake in response to the 
information that has been gathered (Bencze & Alsop, 2009).

Student actions can take different forms, which may result in or be directed by 
different targets and goals. Actions they might take include: educating others (e.g., 
via presentations, posters and pamphlets), lobbying power-brokers (e.g., via peti-
tions and letter-writing campaigns), imagining and developing potentially-improved 
products and systems (e.g., organizing a school food program) and/or making 
 personal improvements (e.g., using a travel mug), as well as others (Bencze & Alsop, 
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2009). In previous research, we have noted success in student self-efficacy and out-
come expectation around their involvement in actions (Bencze, Sperling, & Carter, 
2012).

In several cases, learners have shown some benefit from student-directed 
research, engaging in various primary and secondary research practices (see other 
chapters in this book), and using findings to inform personal and social actions to 
address perceived problems. Knowledge that is produced by learners, based on their 
own set of inquiries, helps to support their understandings of other knowledges, as 
well as their impetus for taking action around SSIs. Students benefit from RiNA 
when they have more control over both directions of RiNA; that is, representing 
phenomena and using negotiated representations to self-direct actions on the world. 
For example, we encountered students who investigated bottled water as an STSE 
issue within their science curriculum, and found that tap water was the best option 
based on an analysis of ten different bottled and tap samples. These results led them 
to champion a campaign to drink from the tap using reusable bottles (Bencze et al., 
2012). That being said, despite some successes, in many cases, this type of student- 
directed research-informed and negotiated activism programming has been difficult 
in school-based contexts. This seems linked to economic forces on science educa-
tion systems, which seems to favour selection and education of small numbers of 
students who may become scientists and engineers and other producers and manag-
ers of knowledge (refer to Bencze, 2010, for more about this). Outcomes related to 
self-efficacy and agency of the youth participants were based on knowledge duality 
theory (Wenger, 1998), which suggests that deep attachments to ideas and actions 
arise when people have personal involvement in dialectical relations between phe-
nomena (e.g., food-related choices) and representations (e.g., drawings and graphs) 
of them. In the study outlined below, we attempted to provide youth with opportuni-
ties to self-direct primary and secondary research that may significantly inform, 
motivate and direct actions taken to address SSIs related to food justice and 
security.

Formal and Non-formal Learning There are potentially different goals, struc-
tures and possibilities through non-formal education settings that can lend space 
and flexibility to youth-led concerns and initiatives. We imagined that there may be 
fewer constraints in community group programming, due to fewer requirements to 
implement standardized evaluation and, therefore, more focus on community well-
being, which is more participant- and issue-oriented than a traditional, formal 
school-based curriculum. In particular, non-formal education can, as Ann Higgins- 
D’Allessandro (2010) suggests, provide:

learning programmes to immerse youth in community problem solving [that] promotes the 
development of youth cognitive and social capabilities as well as enhancing civic under-
standing and the willingness to work for social justice. Working for social justice enfran-
chised youth (p. 572).

With these understandings in mind, we turned to a local CBO as a pilot study in 
a non-formal education setting. The partner CBO is not-for-profit, multifaceted 
(educational and provisional), and is issues-based in its form and function around 
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issues of food security. To paraphrase from its website, it attempts to provide more 
access to healthy food while addressing dignity, community building and disman-
tling of inequality. Because of the situated nature of socio-scientific issues, we con-
sider that place-based pedagogy offers an opportunity to engage with complex 
realities that people are facing in tangible ways, from local impacts of industry on a 
watershed, or of climate change, whether fruit crops are pollinated in a given year 
or what food choices and costs are available in a particular neighbourhood. This 
way of approaching education also acknowledges social, economic, physical and 
cultural realities and dynamics of youth as a particular segment of society. This is 
often different from the dominant, or hegemonic, cultural discourses, and thus cre-
ates tensions that may impact on learning and outcomes, and desire of these. 
However, place-based education, rather than de/constructing identities through dif-
ference, “deconstructs and reconstructs identities through the construct of relation-
ship” (Gruenewald & Smith, 2008, p. 147). Our sense of place and attachment to it 
bring about change in the world through processes of decolonization and reinhabita-
tion (Gruenewald, 2003). These seemingly esoteric notions can become very tan-
gible in thinking through neocolonial issues and injustices at a local level. For 
example, discussing and addressing the spatial colonization of the grocery shelves 
by mega-corporations calls for a decolonization of our food spaces, away from 
those who use the power of money to take ownership of our visual inputs, and lead 
a charge toward real choices beyond product placements, to support our health, 
farmers and local food systems (Winson, 2013). Using place-based pedagogy may 
prove to be the most integrative way of understanding and enacting the intersection 
between citizenship empowerment and a transformative model in science education 
as it exists in food.

Food as Pedagogy The notion of food as a particular site of cultural, social, envi-
ronmental concern and intersection brings an additional richness to questions and 
understandings of this project. Popular writer Michael Pollan (2008) wrote that 
food is “about pleasure, about community, about family and spirituality, about our 
relationship to the natural world, and about expressing our identity...culture as [well 
as] about biology” (p. 8). We all have relationships to food and we are all impacted 
by it; to what degree and with what degree of agency in food-related SSIs are both 
interesting concerns to consider within the context of sociopolitical markers, 
oppression(s) and knowledge sources. Food provides a platform to address numer-
ous social and environmental inequities and to provide tangible opportunities for 
transformative learning. As Jennifer Sumner (2008) stated, in relation to her work 
with adult learners, food “goes beyond formal learning by highlighting various 
forms of learning in both the home and the community...it politicizes transformative 
learning to deliberately deal with questions of power” (p. 37). There is a gap around 
the questions of how youth engage in food as pedagogy, within a pedagogy of place, 
toward action on socioscientific issues and impacts on individuals’ sense of civic 
identity. With all of this in mind, it is time to consider how this research project 
comes to the table.
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19.3  Assembling the Ingredients

After reflecting on difficulties that educators have had in encouraging and enabling 
students in school contexts to address socio-scientific issues, we explored such 
activism in the context of after-school youth groups. Students’ performances in such 
optional clubs are not evaluated to nearly the same extent as in schools, and expecta-
tions and outcomes are more often student- or community-centred in such settings. 
For similar reasons, Derek Hodson (2010) also has recommended such an approach.

This qualitative, ethnographic, action-research project took place at one main 
site (CBO community kitchen) and three secondary sites (CBO community garden, 
a local high school and an urban university campus). The program took place for 2 
h after school each week, from October to May, and included an intensive four-day 
spring break camp. The primary researcher took on the role of researcher-facilitator, 
working closely with the CBO program facilitator to provide curriculum and facili-
tation support as requested, as well as ongoing data collection. As a researcher- 
participant, working with the facilitator through an ongoing negotiation process, our 
goal from the research perspective was to determine ways and means of infusing — 
in negotiation with CBO personnel — student-directed research-based activism into 
the program. The research emerged through both naturalistic and rationalistic per-
spectives, in the sense that we had initial understandings of expected outcomes, 
based on discussions with the CBO facilitators and directors, and then as the pro-
gram unfolded several unexpected outcomes occurred, which are discussed in detail 
in the findings.

The CBO offers a diverse range of programming for community members. These 
range from a drop-in for those in need to come in days a week for healthy hot meals, 
to community advocacy groups to bring issues to the attention of powerbrokers. 
There are pre- and neo-natal nutrition programs, a cooking group for Indigenous 
peoples and an afterschool program for elementary-aged kids. The particular pro-
gram for youth with which we worked was founded 2 years prior to our involve-
ment. The program founder described that it.

… is aimed at high school girls who are from the community who can benefit from oppor-
tunities to learn about cooking, food issues and gain self-confidence to address issues for 
themselves and their families. ... It is meant to be a welcoming space where youth could 
learn about and develop agency around food issues …where girls could have the necessary 
social support to develop … skills [and] gain confidence to think of themselves as leaders 
on food issues within their social group and beyond (uncited for confidentiality purposes (if 
this makes sense)).

In each of the 2 years of study, 2010–11 and 2011–12, eight female youth partici-
pants ranging in age from 14 to 17 were from three different high schools in the 
community. They were recruited from local public and Catholic board high schools 
early in the school year through awareness activities, such as organized lunch time 
presentations or information tables in the main hallway set up by the program facili-
tator at the school. Ideally, the participants were not involved in many other activi-
ties which would inhibit their participation in the food program. There were eight to 
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fifteen participants throughout the year, with eight attending semi-consistently, who 
gave informed consent to participate in the research.

Multiple data sources included observational data, audio-recorded discussions 
and interviews, artefacts of participants’ work, multimedia material, and public 
documents produced by the CBO about or referring to the youth food program. Data 
were collected from facilitators and participants with three group interviews, record-
ings and transcriptions, field notes, ten interviews with staff/facilitators, photos 
taken by participants and researchers, documents created by the CBO and by the 
youth, including paper-based and multimedia documents. Four action-oriented vid-
eos were produced by participants each year. All names of people and organizations 
have been changed to mask their identities as much as possible. We have used 
constant- comparative methods in order to find some themes and codes of analysis 
of the rich and deep amount of data, including over 100 h of audio and video record-
ing (Charmaz, 2014) as well as hundreds of photos taken by the participants. 
Ultimately we were trying to understand the ways that youth take self-directed 
action around STSE issues, and what are some of the factors that influence their 
outcomes. All names have been changed to protect anonymity.

19.4  Placing the Meal on the Table

19.4.1  Outcomes

We have observed, documented and uncovered a number of outcomes as a result of 
participation in the STEPWISE-CBO program relationship. Both entities are plainly 
interested in educating youth about socio-scientific issues related to food security. 
We have noted several examples of guided activism and we observed increased self- 
efficacy as well as leadership among youth. We also encountered some challenges 
to the expected changes in youth, apparently including lower levels of outcome 
expectancy among them.

19.4.1.1  Guided Activism

There were several examples of guided activism. One student, Alison, commented 
about her experience of the program: “Knowing what’s really in our food and where 
it comes from or what it was made with has changed my opinion about eating in a 
lot of different ways”. This also shows a certain degree of understanding about the 
complexity of food systems. She chose to have this quote published in the zine at the 
program end that the group collaboratively produced. Guided activism projects 
included the following: video-making to share with the community and the public; 
presenting new knowledge and experiences to the school groups; making presenta-
tions to their parents and other community members; a student-written article in 
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CBO end-of-year report; and, the production of a ‘zine.’ We can evaluate in some 
capacity these activism outcomes through Hodson (2003) who addresses the politi-
cal nature of issues-based scientific literacy in a four-level framework. Each level 
moves through a degree of STSE sophistication of student attainment: Level 1, 
appreciating the societal impact on scientific change; Level 2, recognition of stake-
holders in scientific decisions and the link to wealth and power; Level 3, develop-
ment of individual views and establishing valuepositions; and Level 4, preparation 
for and taking of action. For these participants, knowledge of STSE relationships 
was displayed most prominently through levels 1–3, for example by acknowledging 
the carbon footprint of industrial farming, and having repeated discussions on the 
impact on farmers and migrant workers, and who uses food banks.

An important climax and highlight of the guided activism aspect of the program 
was when they created activist videos, which involved both taking political action 
based on a position and accepting a leadership role. These were created in the con-
text of apprenticeship activities provided by us. In doing so, we encouraged them to 
conduct secondary and primary research to learn more about food issues and use 
their findings to develop activist videos that made sense to them. The youth chose, 
as a group, to investigate food based on a theme they developed; that is, “What is the 
true cost of food?” As shown in Fig. 19.1, after learning about materials and energy 
costs of generating beef, one group conducted a study of males’ and females’ uses 
of local fast food and fresh food restaurants (M = male; F = female and Fr = fresh 
food; Mc = fast food) and based on their findings (from second and primary 
research), developed a video to educate people about relative ‘costs’ of manufac-
tured vs. whole foods. This group, along with the others, then used their videos to 
tell other students and their families about food-related STSE issues. Many of these 
youth also expressed desire for making change in their own choices and for their 
peers and community. ‘Karole,’ for example, said that before the spring camp, “I 
never thought I would have been able to make a video to show other people, but now 
I totally think I could do my own and I will!” She also confidently spoke to other 
students from her school at a large assembly, and explained both the video develop-
ment process and its message to over 100 of her peers.

19.4.1.2  Self-Efficacy

Increased self-efficacy is an important marker for youth programming. One partici-
pant during our first year with the program wrote that “We have all gained confi-
dence and are not scared of changing something in a recipe to make it ours”. Cathy, 
a program alumna, was enlisted to recruit new participants for the following year’s 
program. At the outset, she was very shy and reserved, often having to be asked by 
a facilitator to contribute to group discussions. One year later, and only months after 
the program ended, she spoke with great enthusiasm about her participation in it and 
her current aspirations to be a chef. This was a direct change from when she began 
the program a year previous and was very hesitant and nervous about being in the 
kitchen, talking to others about food and nutrition and had little to no knowledge of 
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food systems. She talked to potential participants at her school about her view of the 
importance of learning about our food systems, with passionately delivered state-
ments, such as “Corn is in everything! Did you know that?!” This reference to corn 
was part of the learning about the industrial food system and processed foods. 
Another student, Patti, wrote in her program journal about effects of her 
involvement:

On our big day [presenting at their school] we were nervous because we had more than 100 
grade nine students staring at us, expecting us to say something amazing.... Through this 
presentation and the other activities we did, [the program] has made us test our ability to 
lead. To become a leader you have to really know yourself before you can guide others 
towards positive goals. We are definitely on our journey towards healthy food leadership.

This was reiterated in an interview with her at the end of the program. “I saw myself 
as a leader before, in some ways, but not in food. Now I do”. This exhibits a degree 
of positive outcome expectancy [this is self-efficacy] that increased as a result of 
participation in the food justice program.

Karole also wrote in her journal and said in a group meeting that “The videos we 
made could seriously change people’s minds about the food they eat. It’s changed 
my perception about food for sure. This makes me feel good about teaching others 
something new.” Based on these many positive outcomes, where we see that the 

Fig. 19.1 Screenshots from an activist video about foods
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girls took up positions around food justice and STSE issues, and then felt confident 
to speak to and educate others through actions about the issues, such as with the 
videos they made, the guided action could be called a success. There was repeated 
acknowledgement by the participants that they felt their actions with the videos 
could impact their peers and the choices they might make, however, several partici-
pants also expressed caution in terms of addressing sites of power.

Patti, a student who exhibited a great deal of quiet leadership throughout the 
program, and Karole, who was initially quite shy but became much more outspoken, 
both spoke on separate occasions about their sense that their school’s principal 
would not be interested in hearing from students about food (or other) issues, such 
as recent changes to the cafeteria that eliminated healthy choices for students. 
Ironically, from a facilitation perspective, their school principal was very engaged 
and supportive of the students’ involvement and outcomes in the program! But there 
was a common sentiment among the participants of “Why would they listen to me, 
I am just a kid.”

19.4.1.3  Change and Challenges

Generally, we observed quite a lot of change and engagement with the youth partici-
pants over the program. However, our desired engagement with the group was based 
on an end goal of student-led action on STSE issues. And this did not completely 
come into being. We could describe this with the euphemism that “Girls were taught 
to fish but not encouraged to fish.” Indeed, the participants were not presented with 
opportunities for entirely student-led actions. While it seemed feasible in develop-
ment, with the right trajectory, unfortunately there were many challenges that inhib-
ited the full experience/project from the perspective of the STEPWISE team. While 
moving along the trajectory, it was a much slower process than we imagined. 
Perhaps we as researchers were judging it through the lens of school-based prac-
tices where there are certain control practices over students; with evaluation and 
mandatory attendance, culturally and systemically enforced structure, and relatively 
more contact time.

Basically, while we observed guided activism, a large component of the 
STEPWISE model, there was little room for youth-led activism to take place. While 
some youth-led, community-based activism took place, such as one of the partici-
pants volunteering with seniors, and recruiting her friends, in a community garden, 
we are working toward a longer term review of the impact of the program on partici-
pants. At this point, we are only one to 2 years past the youth participation in the 
program; thus, some ideas may take longer to settle into one’s consciousness, and 
may be taken up at a later date (Freire, 1970).
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19.4.2  Factors Influencing Outcomes

Three themes emerged from the data and experience of participating in the project 
as a framework for understanding factors that influenced the outcomes. These are 
(1) the paradigmatic differences between the CBO and the research group, (2) the 
contextual or situated conditions, and (3) the nature of the youth. Each of these 
themes is explored through different categories.

19.4.2.1  Theme 1: Paradigmatic Discontinuity Between the CBO 
and the Research Group

The first theme that emerged is seen as the paradigmatic differences in approach to 
education between the CBO and the post-secondary institution-based research 
group. This became apparent through two main categories: pedagogical approaches 
and understandings of curriculum, and orientation to science.

Pedagogy and Curriculum
Differing approaches to pedagogy emerged as a challenge to ensuring mutual attain-
ment of learning goals for the youth in the CBO program. From our perspective as 
STEPWISE researchers, we had attempted to work with the CBO to elicit more 
participant, versus facilitator, control over their experiences, which was more preva-
lent in the weekly delivery of the program. Through implementation of the 
STEPWISE framework, we have found that learners take greater ownership of their 
learning, and also their actions when they are engaged in cycles of student-directed, 
open-ended research informed and negotiated action projects (Bencze et al., 2011), 
as opposed to teacher-directed and -delivered learning and activism projects. We 
observed a strong preference for knowledge transmission versus community-based 
research, which we also noted as a focus on content more so than skills, which can 
be seen as problematic to the overall outcome expectation of student ownership as 
well (Krstovic & Bencze, 2012). We believe that this was the case partly because the 
CBO has built up so many resources and information that are connected to their 
mission that is very important to them to share and disseminate as directly as they 
can, with the short time they have with the students. However, this was in contrast 
to one of the tacit goals of the program. Because it was voluntary to attend, the 
facilitator repeatedly expressed that to keep the youth returning, “the programming 
is based on the interest of the students”, and thus could not be altered to a great 
degree to push a particular agenda if they did not express interest in it. This created 
considerable tension in the planning and delivery of the program, in attempting to 
base it on interests of the youth that attended most regularly.

An additional challenge in the form of pedagogy was through the lens of technol-
ogy. Specifically, while there had been an initial and ongoing discussion about the 
youth using video cameras and computers to document issues raised through their 
experiences in the program and in their homes, there was some reluctance to give 
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the participants the cameras to take home. The facilitator also expressed resistance 
to using the technology herself, often stating that she did not know how to use the 
video cameras or software. She also voiced concerns surrounding possible losses or 
damages to the cameras. Perhaps this influenced decisions to provide less time and 
space for the youth to create their own projects. This seemed to highlight a resource 
imbalance between the CBO and the research team, that a resistance to the technol-
ogy as a pedagogical and action tool was not considered but rather emerged through 
the program.

Orientation to Science
Within the culture of the CBO, there was a certain degree of discrepancy between 
seeing oneself as a ‘scientist’/researcher or ‘user of science’ which impacted the 
openness to having students do their own community-based research and activism. 
There was a tendency towards accessing others’ research (secondary research) ver-
sus conducting one’s own research, relying on documentary films and other prod-
ucts of the professional food justice community to access information. Science as a 
body of information or a discipline was positioned outside or as a marginal set of 
information in relation to the food justice curriculum. Supporting this claim, the 
facilitator said “I am not going to get into the carbon cycle here” when presenting 
the idea of the overabundance of corn in processed foods. Science and scientific 
research was often presented as outside the scope of what the CBO was trying to 
achieve, thus the youth were not encouraged to draw connections between food and 
science, despite what we as researchers perceive to be strong and important 
connections.

As a result of these discontinuities, there was at times a sense of incommensura-
bility of different educational cultures. For the first author, this meant that in order 
to build and maintain the research relationship, she acted as a culture broker, atten-
dant to various demands and ownerships of such a position (Aikenhead & Jegede, 
1999). While Glen Aikenhead’s work is mainly in reference to indigenous and non- 
indigenous cultural boundaries, we use this idea in acknowledging the cultural dif-
ferences of the university space and the community space, particularly with regard 
to youth research. These factors highlighted the difference of conceptions despite 
goals, to bridge the cultures of two spaces which we tried to accommodate, using 
the first author as a boundary agent in the role of as participant-researcher. There 
was a lot of pressure for Erin to align with the needs and desires of the CBO pro-
gram and to release academic goals, which was a challenging position.

19.4.2.2  Theme 2: Contextual – Situated Conditions

The particular context of this research presented issues, strengths and challenges to 
the outcomes. These manifested through the negotiation of the context, in food as a 
thematic issue and in the nature of the youth participants.
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Negotiation of the Context
Collaboration between the research and CBO group began, after a pilot year in 
2010–11, as a more formal program in early October of 2011. We did not begin our 
research relationship until late October, once the program was running with partici-
pants and already had a loose curriculum planned, with room for expansion. The 
STEPWISE project has its own history and traditions. It is likely that because we met 
once the program was running with our offer of research and program support, in our 
excitement we did not put enough effort into negotiating details of the arrangement. 
Discussing ideas with the organizers, such as student-directed research and video-
making for action-taking, early in the program calendar, was mainly an abstract con-
cept that we found was harder to put into practice in reality later in the year.

Additional challenges to the context included the schedule of weekly, voluntary 
meetings for only 2 h that were often in competition with other demands in stu-
dents’ lives, such as Leadership camp and sports teams, as well as homework and 
evaluations for the older participants who were more aware of the impact of their 
school performance. A positive impact in this non-formal context was that many of 
the youth were able to get volunteer hours toward their school record (a mandatory 
requirement for the region of their formal schooling) for the hours they spent doing 
service with the program, including the activist videos they created and shared with 
their peers. This also created a stronger link between the non-formal CBO program 
and the various schools that the participants attended. This meant that of the four 
feeder schools, those with teachers or administrators with stronger connections to 
the program facilitator seemed to have greater participation by their students, and 
were more open to the participants sharing their work back in the school, which 
reinforced the leadership experience for the students.

Food as a Context
The pedagogy of food became a powerful emerging theme in this research. Warren 
Belasco (2007) describes a rich narrative when he wrote that “Food is an ‘edible 
dynamic’ binding present and past, individual and society, private household and 
world economy, palate and power” (p. 5). Enacting this edible dynamic means put-
ting the community in control and at stake of food sovereignty, in that the local is 
the site of food power, thus it is changeable from site to site — that not every com-
munity has the same needs, resources, or capabilities. “Power is exercised through 
everyday mundane activities and processes, what Foucault calls technologies’, 
[which are] hybrid assemblages of diverse forms of knowledge such as advice, tech-
niques, judgments, experts, texts, and sanctions” (Flowers & Swan, 2012, p. 535). 
These sites of power are units of change in the food movement and seeing them as 
part of the food system means we must also teach about them, and not marginalize 
or undermine them. Thus, from a pedagogical perspective, the edible dynamic 
means adaptability, recognizing socially constructed contexts, and teaching skill 
sets instead of disembodied content. In other words, the pedagogy of food means 
critical thinking, collaboration, participatory democracy and accessing resources. 
Each of these is apparent at moments of the food program that was observed and 
participated in, with the greatest focus on critical thinking and collaboration.
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Within the food program, the edible dynamic offers particular opportunities that 
are unique. Systemic or abstract issues can become tangible to participants, such as 
understanding the complexity of inputs and energy required to produce an end prod-
uct of a granola bar or fast food hamburger. An example of this occurred when the 
youth first created their own food stories posters, which they then placed in a net-
work of themes with each other. Themes of family, garden, heritage and friendship 
were identified by the participants. This activity gave participants a context for mov-
ing between the specific to the abstract, through their memories and histories of 
food that were shared in the group. This also provided a context for deep community 
building within the group.

19.4.2.3  Theme 3: Nature of the Youth

Regarding our goal of promoting student-directed open-ended research-informed 
and negotiated actions (RiNA), there were strengths and challenges in terms of the 
nature of the youth in the program. Students are seen as ‘digital natives’ with ease 
of use in computing and other digital technologies, embedded in the phones they use 
daily. They had an overall comfort-level and not a lot of help was needed. For exam-
ple, Karole commented: “I have used iMovie™ before to make movies” ... “but not 
to show other people”. Using Actor-Network Theory (ANT), we can understand 
how technology was a productive mediating tool for the outcomes, while being a 
detrimental factor to the facilitators (van Eijck, 2010).

The youth expressed self-confidence and expertise in food-related issues and 
actions, which was supported by their apprenticeship — guided step-by-step at first 
in doing primary research and then offered some freedom in how they would pro-
ceed with their findings. This also was enhanced in their taking leadership roles to 
teach each other. Using ANT, we can theorize that these positive changes were asso-
ciated with who is facilitating, role models, the type of apprenticeship, location at 
and status of the university, the modelling of other videos like watching Food Inc., 
and overall, the relationship building, between the facilitators and the students, and 
among the students. The specific culture of apprenticeship was in many ways a spiral 
curriculum — thinking and rethinking of food in new ways, and considering what do 
we have and what can we do (Bruner, 1966). The participants became more con-
scious of different types of actants (commercialization, corporatization, industrial-
ization) connected to the foods they prepare/consume which may have impacted 
their impetus to act on behalf of the issues. For example, one group of participants 
became very interested in why food at McDonald’s™ was so attractive to teenagers. 
They were especially concerned after learning about some of the contents of the 
products and observing that many more teens visit the fast food chain over a health-
ier option in the same neighbourhood. This resulted in several awareness videos 
being produced in the group that included the statement “What is the REAL cost of 
food?”, showing a deeper or more systemic understanding of food. From an ANT 
perspective, we consider this moving from punctualization (Callon, 1991), where 
people perceive of an actant as a single, independant, actant — e.g., a chocolate 
bar — unaware of contents, manufacturers, labourers, etc. toward depunctualization, 
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through greater exposure to and opportunities to deconstruct the actant to  recognize 
the multiple associated components. This curriculum in food justice can be seen as 
constructed to understand individual and community relationships to and knowledge 
of food; it became unpacked, like a picnic basket, building the youth confidence 
from early steps of basic cooking to the greater, more complex systemic issues. 
Cathy was a participant who went from “I don’t know how to cook anything” to 
applying to go to chef school, as well as being very shy at the beginning to being 
very vocal about food issues with her friends and peers, such as health and commer-
cialization. This was also the case with primary research for all participants, which 
was not a comfortable tool initially, but some strides were made along the way. This 
was cut short however due to the challenges we mentioned earlier. In addition, this 
program was more of a survey of what the organization does and it was claimed by 
several staff members much later in the program that it was not meant to offer expe-
riences in activism, as we were told “there are other people who do that” at the CBO. 
This was unexpected and challenging to the researchers.

19.5  Summary and Conclusions

There were many important moments of growth for both the members of the CBO 
as well as the research group in relation to the outcomes achieved by the youth par-
ticipants. Both the program facilitators and the researchers felt at different times 
confined and free within the paradigm of an extra-curricular, non-formal education 
setting. We have been able to identify some key influencing factors, such as the situ-
ated context of food as the curriculum, discrepancies in pedagogical approaches that 
were and were not negotiated, and the nature and commitment of the youth them-
selves. Upon reflection that programs such as those offered by the CBO have 
emerged out of perceived gaps in the schooling opportunities based on the desired 
curriculum of the CBO, it is worth considering whether the curriculum of commu-
nity organizations are challenged by similar constraints to the formal schooling 
experience, such as in terms of time and access to authentic resources. Further, the 
CBO seemed constrained by inherent institutional challenges — such as funding, 
accountability to funders and space. Some theorization points to a deficit of avail-
ability and overall comfort with research-informed and negotiated action program-
ming on the part of the facilitator and the CBO. It is worth considering that there are 
deficits due to both a lack of possible scaffolding from the formal school space, as 
well as from the CBO funding accountability and expectations to be met to other 
stakeholders. There is a need to co-develop, from the beginning, programs with the 
CBO, with a reflection of Habermas’ (1971) emancipatory, versus practical and 
technical interests.

The outcomes of data analyses suggest a hesitation by the CBO to support youth- 
led research, apparently associated with a focus on didactic pedagogies, despite 
outward social justice intentions. Greater opportunities for informal research- 
informed activism would in fact support locally-focused CBO work. Proponents of 
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participatory action research in community settings would find similarities and 
 benefits of RiNA from a social justice perspective, which is ultimately in line with 
CBO objectives  – with regard to the development of participant ownership and 
empowerment of and by data, leading to locally focused actions (see for example 
Torre, Fine, Stoudt, & Fox, 2012). Given challenges of enacting the full breadth of 
research- informed and negotiated actions in both formal and non-formal sites, we 
see a need to encourage this sort of pedagogy and have it become normalized, rather 
than marginalized. To this end, we are beginning to formulate possible strategies for 
future collaborative endeavors to create a space for SD-OE research-informed and 
negotiated actions based on SSIs. Our initial findings indicate a more pronounced 
need to identify core goals and methods, early on in the collaborative relationship 
and, in fact, recruit and nurture a partnership based on core goals and methods. 
Finally, a substantial possibility is to form one’s own community group in response 
to the complexities and pressures of collaboration. It is yet to be determined, in this 
case, if the benefits of the collaboration outweigh the challenges. This case is 
explored further in another chapter of this publication. In recognition of the growing 
social and ecological challenges our world is facing, it is perhaps more prudent to 
collaborate, share and merge in partnership than to split our resources.
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Part III
Commentaries

 Overview

The chapters in this section provide theoretical and practical analyses and evalua-
tions of STEPWISE frameworks. Authors in this section have published educational 
reports in various contexts and work in various parts of the world, including: 
Australia (3); Brazil (1); Canada (19); France (2); United Kingdom (2); and, United 
States of America (5). In some cases, authors report examples of educational experi-
ences they have provided students that align well with STEPWISE principles and 
practices. Others discuss, in broad terms, how principles and practices can be ana-
lyzed and evaluated with regards to particular theoretical perspectives, such as bio-
politics and poststructuralism. Among such discussions are suggestions for ways in 
which aspects of STEPWISE perhaps need to be revised. Many such suggestions 
may be useful for ongoing development of educational programmes that encourage 
critical and activist forms of citizenship.

 



448

 The Chapters
20 Actor Network Theory and STEPWISE: A Case Study on Learning About Food 

Justice with Plants
Clayton Pierce

21 Rebuilding Community Spaces: Integrating Resilience into STEPWISE
Cassie F. Quigley

22 Socio-scientific Issue-Based Learning: Taking Off from STEPWISE
Ralph Levinson and The PARRISE Consortium

23 “Preach or Teach?”: An Ongoing Journey to Becoming STEPWISE
Mellita Jones

24 “I Had to Take Action Straight Away.” Preservice Teachers’ Accounts of Pro- 
environmental Action
Lyn Carter and Jenny Martin

25 Science Education for a Better World? Reflections on Embodiment, Language and 
Sensitive Action
Laura Colucci-Gray

26 WISE Preservice Teachers Discussing Social and Economic Disparities During a 
Discussion Game Dealing with Nanotechnologies
Audrey Groleau and Chantal Pouliot

27 STEPWISE as a Vehicle for Scientific and Political Educ-action?
Laurence Simonneaux and Jean Simonneaux

28 Understanding Opportunities and Contradictions in the Grammars of Activism and 
Schooling
Matthew Weinstein

29 In Which Ways Can (Science) Education Promote the Well-Being of Individuals, 
Societies and Environments?
Isabel Martins

30 ‘STEPPING’ Toward a Critical-Activist Science Education: Dialoguing Subjectivity, 
Social Ontology and Multiplicities
Jessie Bazzul and Shakhnoza Kayumova

31 Countering the Neoliberal Ontology of Nature: The STEPWISE Option
Ajay Sharma

32 STEPWISE: A Societal-Historical Activity (Activism) Theoretical Perspective
Wolff-Michael Roth

III Commentaries



449© Springer International Publishing AG 2017 
L. Bencze (ed.), Science and Technology Education Promoting Wellbeing for  
Individuals, Societies and Environments, Cultural Studies of Science Education 14,  
DOI 10.1007/978-3-319-55505-8_20

Chapter 20
Actor Network Theory and STEPWISE: 
A Case Study on Learning About Food Justice 
with Plants

Clayton Pierce

20.1  Introduction: Learning Alternatives to the Corporate 
Management of SSI’s

Over the past year we have witnessed two contradictory milestones in the modern 
history of science and society. On the one hand, the International Panel on Climate 
Change (IPCC), comprised of the world’s top climate scientists, provided the public 
grim data showing how the earth’s CO2 threshold will be broken by 2030 if nations 
(especially the U.S. and China) continue to produce CO2 emissions at the present 
rate (IPCC, 2014). On the other hand, with a Republican majority now in place in 
the U.S. congress and the election of Donald Trump, the governments of Canada 
and the United States are continuing to pressure policymakers to push through the 
building of the Keystone XL Pipeline that will carry millions of tons of raw tar 
sands across North America and a multitude of ecological regions, First Nations and 
American Indian land, and countless towns and cities in the U.S. and Canada. This 
latest petroleum industry mega project is important because the latest study on the 
impact of burning the fossil fuel carried by the Keystone XL Pipeline is estimated 
to increase the world’s total output of carbon dioxide emissions by 121 million 
tons—compared to the 36 billion tons of carbon dioxide which is currently the 
world’s total emissions output (Erickson & Lazarus, 2014).

The Keystone XL pipeline controversy is emblematic of a socioscientific issue 
(SSI) that pits science (expert produced evidence) against society (government/cor-
porate groups and deceptive media campaigns that shape public knowledge around 
SSI’s). It also perfectly illustrates how two sets of experts are largely determining 
the outcome of a controversy that, in this case, has catastrophic planetary 
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 ramifications; one group provides the data (though among this group are also scien-
tists hired by the petro-chemical industry to provide its own version of the facts) the 
other disregards or selectively utilizes these facts depending on how they fit within 
the economic development plans of corporations that drive public policy in the U.S. 
and across the globe (Bencze, 2008). What I focus on this chapter is how using an 
actor network approach to teaching science and technology within the STEPWISE 
framework can move away from the gridlock created through the expert scientific 
and corporate governance model to one that promotes democratic public engage-
ment with urgent SSI’s.

As creator of STEPWISE, Lawrence Bencze has defined the science education 
framework as “an educational and research project aimed at encouraging students to 
apply their science and technology education, including their primary and second-
ary research findings, to take socio-political actions to address ‘STSE’ (‘socioscien-
tific’) issues—such as controversies surrounding merits of nuclear reactors”.1 In this 
chapter, I look at how using pedagogical spaces such as community gardens can 
lead to STSE actions rooted in students and communities’ own practice of research 
and knowledge production into relevant public problems as a way to highlight the 
use of ANT within STEPWISE approaches to science education. Just as the 
Keystone XL pipeline, thought of as an actor within a complex set of socio- 
ecological relationships, could be studied as a way to map a whole host of interre-
lated controversies from species extinction to well-water poisoning to atmospheric 
overload of pollution, I use community school gardens as an example of a 
STEPWISE laboratory that can connect existing social movements against neolib-
eral governance of humans and nonhumans across the globe. Grounding research 
and learning in school community gardens where food justice issues frame inquiry, 
I argue in this chapter, leads to a much more democratic approach to science educa-
tion as well as deeper learning about a reality riddled with complex problems and 
unequal power relations that determine, among other things, how we eat and learn. 
In this sense, both STEPWISE and ANT offer a non-deterministic and more demo-
cratically open learning approach to conducting student and community led research 
around pressing SSI’s.

20.2  Actor Network Theory and STEPWISE

One of the biggest challenges facing the STEPWISE framework’s broader adoption 
across science and technology education contexts, as Lawrence Bencze points out in 
the introduction to this book (Chap. 2, this volume), is that it fundamentally chal-
lenges the dominant STEM education reform movement in North America that is 
deeply entrenched within the economic development plans of nations focused on free 

1 See Lawrence Bencze’s website that provides an overview and examples of how to apply the 
STEPWISE approach in classrooms available here: www.stepwiser.ca/ Also please see Chap. 2 in 
this book for a more detailed description of STEPWISE as a science education approach.
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market expansion. The field of science and technology education, in other words, 
needs to be contexualized within the ‘flat world’ economic policy framework of 
states that frame STEM education as a national security problem and economic 
recovery tool (Pierce, 2012). There is not an advanced industrialized nation that does 
not promote rapid development of more STEM workers as part of its economic 
recovery plan where a high tech workforce is seen as the competitive field where 
success will be measured against other competing nations. Yet just as the example of 
the Keystone XL pipeline and countless other socioscientific issues (SSI) highlight, 
teaching and learning science and technology now more than ever needs to focus on 
the wellbeing of individuals, societies, and environments (WISE) if we are going to 
have a chance of changing the path of planetary catastrophe we are currently headed 
down. In this sense STEPWISE as an approach to science and technology pedagogy 
might be viewed as an example of John Holloway’s suggestion for individuals and 
communities to work within the ‘cracks’ of capitalism to create alternatives to the 
exploitative and destructive values capitalist society requires people to embody and 
reproduce (Holloway, 2010).

In this chapter, I use actor network theory (ANT) to offer an example of a science 
and technology learning context that allows the STEPWISE framework to work 
within the ‘cracks’ of neoliberal society. Actor network theory (ANT), developed in 
the work of science studies theorists Bruno Latour (1987), Michel Callon, and John 
Law (1992) is predicated on the idea that in order for science to enter into demo-
cratic relation with the public (or communities), human and nonhuman agency must 
be accounted for in politic life and not treated as objects to be interpreted and con-
trolled by scientists/experts (Latour, 1993) . Moreover, as Latour (2005) points out, 
ANT can be understood as a “political epistemology” in that gaining better knowl-
edge of controversies and public debates that center around science/society prob-
lems (such as genetically engineered food) requires that communities develop ways 
to map complex arrangements of actors (both human and nonhuman) that create 
controversies in the first place (Latour, 2005).

Over the past decade STSE educators have been drawing on actor network the-
ory as a way to disrupt dominant approaches to teaching science and technology 
that fail to take into account the agency of things (called nonhumans) like oil pipe-
lines, genes, plastic bottles, or plants. Mathew Weinstein (2008), for example, has 
argued that teaching science in schools enrolls students into the modern scientific 
project in ways that reproduce the nature-culture binary and thus anti-democratic 
learning about science in society. Others (Bencze & Carter, 2011) have also argued 
that science education in the service of consumer society fails to teach students how 
scientific networks in neoliberal society are unsustainable. Yet others (Bencze & 
Alsop, 2014) have suggested that it is precisely the corporate actants shaping how 
science is practiced in society that science education should be focused. Pierce 
(2007) has also argued that ANT can be used to broaden the epistemic horizon of 
science education to take into account nonhumans as democratic actants.

The public controversy around the engineering and building of the XL pipeline 
is a good example of how an ANT approach to science education is both richer and 
more democratically attuned. For instance, an ANT perspective would involve a 

20 Actor Network Theory and STEPWISE: A Case Study on Learning About Food…



452

mapping of the entirety of actors that create the political power necessary to assem-
ble such a massive engineering and energy project. In the case of the XL pipeline, 
prominent actors that would need to be mapped through an actor network approach 
include the TransCanada corporation, various agencies in the U.S. and Canadian 
government, tar sands, environmental scientists, climate scientists, petro-chemical 
scientists, engineers, a multitude of investors, the oil refinery industry in Texas, all 
of the impacted ecological zones the pipeline runs through, CO2, and so on. However 
more than just a listing of actors involved in bringing together one of the largest 
fossil fuel extractive projects in history, an actor network mapping of the XL pipe-
line provides a more comprehensive and accurate understanding of how the contro-
versy is managed by separating nature from culture—the way scientists and policy 
experts in other words speak for ecological regions or the earth’s atmosphere thereby 
maintaining a political monopoly over how the public is to understand and respond 
to the controversy. By focusing on the actors themselves (say tar sands) without the 
mediating power of corporate and scientific experts, communities can come to their 
own conclusions and decisions regarding the mobilization of tar sands into the 
energy lives of people across the continent and globe. Mapping actor networks such 
as the ones that comprise the XL pipeline helps citizens and communities better see 
and understand the type of power relations involved in orchestration of controver-
sies and ways in which powerful corporate and governmental actors have con-
structed a networks capable of realizing untold amounts of wealth for the fossil fuel 
industry and its investors while also speaking for all the nonhumans involved. Yet, 
in addition to highlighting the constructed actor network and power relations main-
tained through the corporate/governmental actors organizing the XL pipeline, an 
actor network approach can also help identify the ‘cracks’ in actor networks from 
which to destabilize the necessary power relations holding the assemblage together.

In the following section I provide an example of an actor network approach from 
my own research in 7th and 8th grade science education that I put into conversation 
with the STEPWISE model of STSE education. Specifically, I use the example of a 
school community garden where I have been doing work with students, teachers, 
and community members over the past 5 years as a case study of sorts for applying 
ANT within the STEPWISE model. In doing so I take each phase of the STEPWISE 
model for teaching STSE education, skills education, products education, students’ 
research, and STSE actions and discuss how each phase occurs during research on 
a community problem (or a SSI) through the learning context of a community gar-
den. I argue that one of the pedagogical strengths of using an ANT approach within 
the STEPWISE model is how it encourages learning critical literacies capable of 
understanding how corporate and state governing strategies are constructed and 
maintained in society in ways that limit and regulate public debate and action around 
SSI’s. Community concerns around food justice and community health problems 
such as type II diabetes and access to healthy and affordable food, using ANT to 
map and generate the scaffolding for critical food literacies in ‘food deserts’, it is 
the hope of our research, resituates where scientific knowledge and action is pro-
duced—empowering communities to name both the SSI problem and appropriate 
(and just) responsive actions. Put differently, one important potential of using ANT 
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as a learning theory within the STEPWISE model is that students, teachers, and 
communities can begin to identify ‘cracks’ within the governing structures that 
organize, for instance, how communities and students access food and sites of its 
production that are more just, sustainable and healthier than the ones administered 
by state/corporate food actor networks. Let us now look at each phase of the school 
garden research framed by ANT through the STEPWISE framework of STSE.

20.3  Food Justice and Community Health as STSE 
Education

Centering a community problem or controversies (SSI) as the point of departure for 
science and technology education is an approach developed by a number of critical 
science educators over the past two decades (Hodson, 1994, 2003). One of the 
unique features of an STSE approach is that it situates knowledge production (or 
how we understand phenomenon or problems in the world) within student learning 
and their connection to place and community (Mueller & Zeidler, 2010). Put differ-
ently, it is an educational practice that places development of scientific literacy as 
something that moves from the ground up—expert knowledge around a community 
problem or controversy is decentered as supreme power (Roth & Barton, 2004). 
STSE education embraces the fact that student and community produced knowl-
edge is equally if not more important than expert scientific knowledge for under-
standing problems created by the fields of science and technology in society (Bencze 
& Sperling, 2012). Problems facing communities in the STSE model, in other 
words, are liberated from highly controlled and many times ideologically distorted 
scientific enterprises (i.e. XL Pipeline) and instead set into horizontal relationships 
of scientific research with students and communities. In the context of my research 
with communities and students using a school garden as a site of STSE education, 
the SSI (or controversy/community problem) chosen to guide research was food 
access/production in the community and school and the related health concern of 
type II diabetes. Here there is also an important intersection with work in the field 
that has bridged science education with ecojustice education (Mueller & Zeidler, 
2010) models where science education moves away from the traditional ‘gatekeep-
ers’ of science literacy (work force development for example) and instead is set 
within the context of environmental justice problems facing communities (Mueller, 
2011). The choice of food and community health as an SSI to guide STSE research 
with 7th and 8th grade students was identified by members of the community gar-
den comprised of largely Latina mothers who also work in the school’s community 
center. For this group of community members, who also played a central role in the 
construction of the school garden, having access to healthy, affordable food and a 
place for their children (of which many are students at the school) to learn and con-
tribute to growing healthy food is an important problem facing the community.
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In our role as university researchers and teachers in a classroom, myself and two 
graduate students (one of which is a teacher in the classroom in which we are con-
ducting the research) have designed a critical food literacy curriculum to implement 
with 7th and 8th grade students over a semester that builds out from the identified 
community SSI—access to healthy food and related community health concerns. In 
our design of the critical food literacy curriculum we framed the project within a 
food justice model that adopts the position that

the food justice movement is an analysis that recognizes the food system itself as a racial 
project and problematizes the influence of race and class on the production, distribution, 
and consumption of food. Communities of color and poor communities have time and again 
been denied access to the means of food production, and, due to both price and store loca-
tion, often cannot access the diet advocated by the food movement. Through food justice 
activism, low-income communities and communities of color seek to create local food sys-
tems that meet their own food needs (Alkon & Agyeman, 2011).

By situating the critical food literacy curriculum around a food justice framework 
our hope is that, as co-researchers with students and community members, the ques-
tion of food access and community health can be connected to other local move-
ment networks also working toward greater food justice in underserved communities 
in the area. In this sense, the particular SSI chosen to animate STSE education in our 
case has the potential to learn from and work with other community run groups who 
are creating their own sets of knowledge and practices.

This broader goal of the critical food literacy curriculum, however, is also one 
that will not be artificially constructed but instead organically take place through 
research conducted by the students themselves. The primary goal of the critical food 
literacy curriculum is to start with students’ current food literacy practices they use 
in their daily lives that then can be used as a baseline from which to engage in 
research geared toward developing critical food literacies.2 The critical food literacy 
curriculum is comprised of three phases or research focus areas. The first focuses on 
issues of food pathways in the students’ community/school. In the beginning of the 
semester students will be asked to create food maps and answer questions about, for 
example, where food comes from that students tend to eat on a daily basis; what or 
who determines the kinds of foods that are distributed within their communities/
school; how such a food network impacts food decisions students make and factors 
that go into this decision making process; How does food access in your community 
compare to more affluent-white communities across the city? The second focus area 

2 In the design of the critical food literacy curriculum project we as researchers are not starting 
from a rigid or clearly defined definition of what a critical food literacy will look like for each 
student. Instead, following ANT, critical food literacy may mean different things to different stu-
dents depending on the actors and specific type of inquiry they follow as well as the local context 
from which the research is being done. However this is not to say that there will not be generaliz-
able aspects to what a critical food literacy should include. For example, as our framing of the 
curriculum itself reflects, emphasis on research within a food justice framework that uses ANT as 
a method of analysis gives great importance to the actor networks that govern students and com-
munities’ food lives such as high-end grocery corporation’s decision to not build stores in working 
class and communities of color.
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of the curriculum organizes student research around food related community health 
problems. During this phase of research students will be asked to identify existing 
community health problems related to diet and evaluate scientific data on such prob-
lems as type II diabetes, obesity, and long term heart and cardiovascular health. The 
third and final research phase focuses on inquiry around food production—what is 
the dominant way food is produced in the students’ community; do the students 
have experience producing their own food; and what alternative food production 
models exist currently in the community/school?

From these three general research areas that comprise the critical food literacy 
curriculum and the inquiry it promotes, greater specificity or fine-grained analysis 
will be provided through a focus on specific actors. For example, in asking students 
to research food pathways they will be prompted to map out their usual food con-
sumption habits, how they access their favorite foods, and what people/actors are 
involved in shaping their food choices. If, for instance, soda is identified as a food 
type that is consumed regularly by a student, then soda will become a key actor from 
which students will conduct further research into how it is a prominent food choice 
in their daily lives by mapping out the dominant pathway it takes as a food commod-
ity. Questions such as who or what produces soda, what ingredients are used in 
making it, what type of manufacturing or growing practices are associated with soda 
production are all possible question avenues students can use to chart the food path-
way of their food example (or actor). Here emphasis will be on having students map 
out systems of food access and distribution in their communities and who controls 
the sites of access and distribution within their communities. Moreover, local gro-
cery stores and the school cafeteria will be sites where students can research what 
the construction of food pathways look like in their everyday lives and a number of 
actors who are involved in co-constructing the network at their final distribution 
point.

Building out from the food pathway map of particular food actors, students will 
be asked to connect their analysis with health problems in the community and spe-
cifically if their food example is associated with any of the identified top health 
concerns. If soda is the food actor they are tracing, then students will be asked to 
find and analyze links made by science between diseases such as type II diabetes 
and obesity and roles their food actor may or may not play in the health issue. 
Finally, students will be asked to include in their maps of specific actors where and 
how they are produced. The focus on food production of their food actor will even-
tually be compared to alternative food production sites in the community (specifi-
cally the community garden at the school) as a way to evaluate the different interests 
and values comprising the two food production models (corporate/Big Agra and 
local, community produced food). Below, as a way to further draw out how ANT is 
a particularly useful pragmatic learning approach for engaging SSI’s in STSE con-
texts, I work through each area of the STEPWISE framework as it relates to the 
critical food literacy curriculum project described above. I think it is useful to con-
sider what an ANT emphasis in each phase of the STEPWISE framework looks like 
because it can illustrate the strength of such a pairing in STSE contexts and the 
complex socio-ecological settings being fundamentally transformed in a  biocapitalist 
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society. Put differently, now more than every STSE approaches need to be thinking 
about and experimenting with ways to pedagogically engage with problems that 
stem from products science and technology have created by changing nature into 
new commodities such as GE food.

20.4  Students’ Research: Follow the Food Product

One of the main reasons ANT is an excellent method to use for STSE education is 
because it is suited particularly well for the complex socio-ecological problems that 
exist in the biocapitalist societies in which we live (Bencze, 2014). In other words, 
within the current phase of capitalism known as neoliberalism, all manner of forms 
of life have become a part of the production and exchange of commodities in soci-
ety. Genetically engineered food, for example, created through rDNA manufactur-
ing in genetic laboratories (the spliced gene sequences used to recode plant and 
animal organisms into new commodities) have created entirely new challenges that 
STSE should be at the forefront of confronting. In biocapitalist society creating 
cognitive maps with students around SSI’s is a powerful educational tool that can 
help students and communities better understand ways in which an actor (say a GE 
corn plant) is not a singular object existing in nature (Pierce, 2015). Rather ANT 
ignores the modern idea of unitary objects existing in nature that can only be under-
stood by the scientific expert (who is the gatekeeper of knowledge for the public’s 
understanding of objects) and instead lets inquiry into an actor dictate the way we 
understand and think about its social and political agency Moving away from mod-
ern scientific explanations of things like GE food and toward more democratic ones 
involves tracing networks of power relations that constitute the lives of things like 
GE corn in society. So, thought of from an ANT epistemological standpoint, actors 
are best understood when they are set into relation to the constellation of other 
actors that shape our thinking about and experiences with things in the world—
largely in ways that preclude democratic political relationships from forming 
between human and nonhuman actors (Latour, 2004). In other words, human agency 
is dialectically constructed through corporate and expert understandings of public 
problems in ways that promote an engagement with nonhuman actors such as air 
pollution particulates in undemocratic relations. How the public understands some-
thing like air pollution is almost always shaped through channels of power (pollu-
tion scientists-state bureaucracy-extractive industries) that deny the public coming 
to their own understandings and types of democratic practices around the problem 
of air pollution particulates because they are not the experts nor would it be benefi-
cial to one of the most powerful industries in the world to allow knowledge of public 
problems to be generated from below (Harding, 2008).

Schools, as Matthew Weinstein (2008, 2009) has pointed out, are a particularly 
important site where dominant modern scientific literacies are maintained and thus 
non-democratic relations with actors and the controversies they are involved in are 
guarded through scientific/government/corporate gatekeeping mechanism—such as 
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the way we learn about scientific enterprises like GE food. In this sense, as Weinstein 
points out, schools “are part of the networks that constitute science: takeaway 
schools and the population of bodies that are interested in science (in the sociologi-
cal sense, i.e., as future scientists or as boosters, funders, etc.) become curtailed. In 
Latour’s language, schools have been enrolled in the general enterprise of science 
(for a general history of this enrollment, see Montgomery, 1994)” (Weinstein, 2008, 
p. 400). Weinstein’s ANT analysis of the way schools enroll students and the public 
in general into the modern scientific enterprise points to the importance of develop-
ing ANT practices within schools, teaching and learning about science where learn-
ing about something like food literacy using ANT can be seen as “shift[ing] the 
intentions from science as a deferred practice/authority (good or bad) to materially 
present and life-shaping set of social structures that constitute being a student, 
working in uneven ways both inside and outside the space-time of ‘science 
education’”(Weinstein, 2008, p.  400). Weinstein’s characterization of schools as 
incubators of non-democratic relationships between the public and the enterprise of 
science points to the importance of using ANT as mode of student research, a way 
to learn about the complex actor networks that governing things in our everyday 
lives such as the food we eat. It can become a way where, through student designed 
research around a food actor in this case, alternative political relationships can be 
established within the practice of STSE around SSI’s such as food justice in a com-
munity. Let me give an example within the critical food literacy curriculum project 
of how ANT moves away from modern, anti-democratic ways of knowing and 
understanding controversies and the actors involved in their construction.

One of the design features of the critical food literacy curriculum project that 
uses ANT as a pragmatic learning approach and method of inquiry focuses on how 
particular food actors’ agency has changed within different socioculture contexts 
and over time. For instance, if student researchers are studying corn (as a primary 
ingredient to soda) they are asked as part of the mapping research to think of the 
food actor in three ways: in its bioregional origin and the dominant relations it had 
with humans in that place; how the food actor moved from this context to other food 
systems (i.e. through migration, industrialization, etc.); and finally to describe and 
characterize the agency of the food actor in its dominant form today (such as in 
soda, condiments, bread, etc.). The point of emphasizing these three phases in the 
history of a food actor is that it encourages student researchers to understand how 
the agency of actors (in this case corn) change within different sociocultural and 
political contexts. In other words, one important lesson students can learn from 
researching the history of food actors is that actants such as corn are tied to local 
contexts differently; food desert communities, for instance, are saturated with 
industrial food products loaded with corn and corn byproducts such as high fructose 
corn syrup. As food actors such as corn get wrapped up and integrated into larger, 
more complex systems where science and technology play a bigger role in their 
social existence, students learn, the further removed people and communities are 
from determining what the relationship between the nonhuman actor and them-
selves looks like. To even ask the question of whether or not GE food is healthy and 
poses great risks to humans, communities are ushered into a maze of scientific 
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debates and arguments where both their agency and that of the food actor are effec-
tively neutralized by the terms established by the governing powers of food system 
networks. Here we can see, in terms of how students’ research fits within the 
STEPWISE framework, that inquiry into SSI’s such as food actors allows for a 
deeper level of literacy to develop that challenges the modern scientific assumption 
that objects in nature (corn in this case) have always been inert things waiting for 
scientists to come along and discover and explain their secrets (as well as their risks) 
to the unknowledgeable public. By following the plant, and more specifically differ-
ent moments of its agency within sociocultural contexts where disagreements have 
emerged between the public and science (such as whether GMO food products 
should be required by law to be labeled), student research within the STEPWISE 
model builds in its practice an immunity (or least developing immunity) to modern 
scientific views of nonhuman actors such as corn that stymie more democratic rela-
tions between humans and nonhumans.

Here it is important to point out however that ANT and the STEPWISE frame-
work both emphasize and encourage students to conduct research on controversies 
or disagreements around SSI’s in a way that is not deterministic or a ‘one size fits 
all’ approach. That is, a pedagogical strength of ANT and the STEPWISE frame-
work as learning tools is that it teaches students, teachers, and communities how to 
construct their own knowledge around a problem or disagreement that very well 
may be unique due to the differences particular actor networks have upon certain 
local communities. Consider again how industrial food products disproportionately 
affect food desert communities—researching the problem of the actant corn, in 
other words, looks different in food desert communities than it does in more affluent 
communities with greater access to healthier and fresher food.

20.5  Skills and Products Education: Digging 
into the Practices that Shape Food Actors

One of the important emphases of the STEPWISE framework is a focus on how to 
encourage students to develop skills (skills, attitudes, and ideas) and products (i.e. 
laws, theories, and inventions) in a variety of ways from research conducted on an 
SSI such as GMO food actors (Bencze, 2014). Within the particular context of our 
most recent work with 7th and 8th grade students, one of the primary skills the 
research project focuses on is developing critical food literacy relevant to the par-
ticular community from which the students are a part. I refer to ‘food literacy’ here 
as both a skill and type of knowledge; learning about food systems in one’s com-
munity for instance translates to food habits and decisions made by individuals. Our 
research project and lesson plans define critical food literacy in the following way: 
an ability to critically assess and evaluate how food decisions in student lives are 
made and what actors and sets of food governance policy shape these decisions. 
Thought of in this way, critical food literacy, as we are operationalizing it in the 
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study and through research with students, asks students to begin to create an actor 
map of three areas of impact on their own food lives.

The first area (or phase of research) framing student inquiry and the development 
of a critical food literacy within the broader framework of the study is a food desert 
analysis of their community. The term ‘food desert’ is one that has been used by 
food justice activists and researchers as well as governmental agencies such as the 
United States Department of Agriculture (USDA). As Nathan McClintock (2011) 
points out, the USDA defines food deserts as areas “with limited access to afford-
able and nutritious food, particularly such an area composed of predominantly 
lower income neighborhoods and communities” (p. 89). Yet, as McClintock also 
points out, this institutional/governmental definition is seriously lacking in that it 
does not take into account structural ways in which capitalist and racist economic 
and social policies create the very conditions of a food desert in the first place. 
Adopting McClintock’s more comprehensive definition of food deserts our study 
has students research both access to affordable and nutritious foods (i.e. fresh foods 
that do not contain high amounts of fats and processed sugars) and what actors play 
the most influential role in shaping food policies for low income neighborhoods 
such as the one in which the school is located. In other words, the way we are fram-
ing the food desert analysis conducted by the students on their own community is 
interested in both understanding access and distribution of quality fresh/healthy 
foods and corporate and governmental policies that have manufactured and profited 
from these food landscapes.

The skills accompanying or rather that are developed during this phase of the 
critical food literacy research are the ability to (a) engage in a geographic mapping 
and assessment of food distribution sites in the surrounding community of the 
school and (b) a cognitive map focused on key corporate and governmental actors 
that construct and maintain food desert conditions (or what Larry Bencze has called 
‘mind maps’ in his STSE action project with science students charting actors 
involved in cell phone actor networks) (Bencze, STEPWISE webpage). It is impor-
tant to note that the skill developed within this phase of the critical food literacy is 
generated from an ANT approach that, again, allows for a more comprehensive way 
in which to understand a socioecological problem such as food justice and equity in 
this case. Students, in mapping the food geography of their community alongside 
the cognitive mapping of actors that put into motion and enforce food landscapes 
within communities we are hoping that students cultivate a level of critical thinking 
that penetrates the neoliberal rationality that frames food justice issues as a matter 
of personal responsibility and sound economic decision making. Food justice in 
communities, put differently, has more to do with levels of investments and deficit 
views of working class communities of color by government and corporate actors 
than it does with students working hard in school so they can obtain a high enough 
paying job to shop at Whole Foods. A food desert analysis helps students develop 
skills and critical thinking abilities that rejects such neoliberal assertions about rela-
tionships between access to and production of healthy affordable foods in under-
served and disinvested communities.
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The second phase of research guiding the critical food literacy project zooms in 
focus to food actors themselves. If the scope of the food desert analysis discussed 
above is on broader spatial and policy food systems, this second phase uses particu-
lar food actors to guide inquiry. Specifically, as the curriculum relates to the devel-
opment of a critical food literacy, students will choose a food product they identified 
through an initial survey on current food eating habits to study from an ANT per-
spective. Here the results of the survey show that most of the foods identified as part 
of students’ daily eating habits contain processed sugars (such as high fructose corn 
syrup) and saturated fats, trans-fats, preservatives, salts, and so on. From the point 
of departure of students’ daily eating habits we are hoping that by following and 
creating an ANT map of key ingredients to the identified food products such as soda 
and pizza students can see how these actors are connected to important community 
health problems such as type II diabetes, obesity, and heart disease. In this sense the 
students’ ANT research connects to aspects of the food desert analysis conducted in 
phase one. Food products that make up a large portion of the industrial food system 
of the US are high in sugars and saturated fats (among other unhealthy ingredients) 
and are also overrepresented in urban areas. For example, a recent study of Detroit’s 
food desert regions showed that “over half a million Detroit residents live in areas 
that have an imbalance of healthy food options. They are statistically more likely to 
suffer or die prematurely from a diet-related disease, holding other key factors con-
stant” (Mari Gallagher Research & Consulting Group 2007, p. 5).

Set within the context of health-related illnesses caused by food desert environ-
ments, students’ ANT mapping of everyday food products such as soda become 
connected to larger community health problems. What’s more, through fine grain 
foci on food products such as soda, students are also able to make relevant connec-
tions between ‘hidden’ ingredients such as high fructose corn syrup and type II 
diabetes that is a leading cause of shortened life spans in food desert communities. 
What an ANT mapping of a food actor might look like (and what has been mapped 
in previous work I’ve done with science students) in the classroom could be as fol-
lows. Starting with a can of soda, students are asked to identify the second most 
abundant ingredient after water. Once high fructose corn syrup is identified as the 
prime actor, students are asked to investigate these research lines of inquiry: where 
and how is corn grown in the US; who owns and controls how corn is grown in the 
US; and finally what ecological and social problems are known to be attributable to 
the massive amounts of corn that exists as a base food product within the industrial 
food system of the US?

One of the strengths of using an ANT mapping approach within the STEPWISE 
framework to study a food actor is that, as a learning approach, local community 
health issues such as type II diabetes can be connected to larger actor networks. As 
multiple students take on researching these guiding inquiry questions a comprehen-
sive actor map comes into being from a collective research approach that is highly 
relevant to a community disproportionately affected by the industrial food system. 
That is, investigating a food actor such as high fructose corn syrup involves a com-
plex assemblage of actors that would be hard to capture through one student’s con-
struction of a map—instead through a collective research process where multiple 
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students may be focused on the same food actor there stands a much higher chance 
that key actors that bring high fructose corn syrup to the food lives of students will 
be traced and analyzed. Because the food actor of high fructose corn syrup is con-
nected to highly complex systems such as industrial farming practices and policy, 
GMO corporations, the creation of huge ecological ‘dead zones’ in the Gulf of 
Mexico from fertilizer runoff that seeps into the Mississippi river, community health 
problems, industrial livestock farming, the exploitation of migrant farmworkers, 
and a host of other actor networks, a collective research format provides a much 
needed comprehensive view (and knowledge) to complicated actor networks. In 
short, creation of ANT maps by students on food actors such as high fructose corn 
syrup create an epistemic landscape that is both a complex and highly accurate man-
ner in which to understand how the food lives of communities are involved (and are 
constructed by) complicated yet comprehensible power relations. Within this phase 
of the critical food literacy project, one knowledge and related skill that hopefully 
emerges is an epistemic standpoint from which to participate in more meaningfully 
and effectively in public debates around community health issues for instance. This 
is an important knowledge and skill, what we might call actor network critical 
thinking, because it provides students (and citizens of communities) with knowl-
edge and vision in which to reject and counter simple and misleading corporate/
governmental explanations of food justice isuses/controversies such as ‘its your 
own responsibility to manage your eating habits and buy healthier foods’. Armed 
with an ANT analysis of food actors, students and citizens would immediately know 
that the issue of food justice is much more complex than they might think. Students 
would, instead, know that it is framed and constructed by powerful actors (who 
many times take on the role of expert) who have other driving interests that are in 
direct conflict with that of the health and wellbeing of a community and the ecosys-
tems in which they are nested.

The third and final research phase of our critical food literacy project focuses on 
questions and knowledge around the school garden itself. In particular, in this final 
phase of student research that incorporates findings from the food desert analysis 
and an ANT study of a particular food product, we are asking students to think about 
food production in their community and from where knowledge about food produc-
tion might come. In the context of this phase of critical food literacy research stu-
dents will conduct a survey of the accessible land where food can be produced 
legally within the school boundary of the district. Here, again, how land and green 
spaces in the community will be analyzed is through an ANT approach. Now let me 
explain the two primary goals of this phase of research in order to make the ANT 
approach clearer.

The first goal, as indicated above, is to have students create a working map of the 
immediate area around and adjacent to the school—focusing on land and space 
where food could be grown. Once students identify what land/space is suitable for 
growing food (framed by questions such as: is it paved land, is it polluted in any 
way, is it private property?) they will then be asked to research whether or not there 
are any legal or governmental policies that would prevent the land from being used 
to grow food. The key point to this aspect of research is for students to determine 
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how land/space is governed by different, interlocking governmental and private 
entities and how difficult it would be to gain access to this land for growing food for 
the community. The hope in framing this line of inquiry around land/space mapping 
is for students to make connections between privatization (both of public land and 
private land) and how this system of land/space governance ties into the industrial 
food system of the US that the students analyzed in the first two phases of research. 
One important question we want to raise, in other words, is how control of land and 
space in communities limits what can or cannot be their food lives. Utilizing an 
ANT approach, in this case, is a highly useful tool because it helps students con-
struct for themselves a working map of the land/space in their community that leads 
to a focus on what power relations regulate potential growing space. Land/space, 
put differently, set within the context of this phase of research cannot be thought 
about in isolation but rather in relation to policies and laws that serve interests of 
industrial food distribution within communities.

The second connected goal in this phase is to have students identify alternative 
models of food production within their community. Here, the school garden will be 
the central focus of research; but, so will local ethnic markets, farmers markets, and 
other food distribution sites where fresh, healthy, and affordable food is made avail-
able. Important to this line of inquiry is for students to identify what types of knowl-
edge are being used in the garden and by whom. For example, in the school garden 
where our food literacy research is taking place there is a strong and united group of 
committed community members who have run, organized, planted and harvested, 
and generally taken care of the garden for the past 3 years. From this organizational 
context, where a committed group of Latina mothers have been working and run-
ning the garden for 3 years, we will ask the students to determine what types of 
knowledge are being used in the garden to grow food. To determine what kinds of 
knowledge is being used in the garden students will interview the parents that run 
the school garden and ask questions such as “how do you decide what type of plants 
to grow in the garden?”; “where did you learn how to grow food and care for 
plants?”; “what is the difference between food from the garden and food from the 
grocery store?”. Once students have collected their survey data from the parents 
who run the garden, students will then be asked to compare these answers with simi-
lar queries about dominant sites of food distribution in the community such as a 
grocery store. That is, are these simple questions about food production even ones 
that make sense within the dominant industrial food system? The hope here is that 
students will be able to see and contrast what types of knowledge and agency can be 
used and enacted in community gardens versus what the dominant industrial food 
paradigm requires: a passive, consumer model where cultural knowledge such as 
the Latina mothers at the school garden are not valued and in fact are barred from 
participation.

From a skills and products vantage point, this third phase of research offers mul-
tiple lines of development. For the land analysis students will be asked to measure 
and quantify how much land is needed to produce enough produce for a family of 
four. Students will also be doing soil analyses (checking the pH level for example) 
of soil taken from different areas on the school grounds including in the garden. 
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Particular scientific laws/concepts included here will be defining and setting into the 
context of the school garden decomposers, producer, and consumer. Lastly, guiding 
the research in this phase will be an emphasis on what constitutes good data collec-
tion and how to present in visual terms data to audiences such as the maps students 
will create in this phase.

20.6  STSE Actions: Growing Alternatives to Industrial Food 
Practices

One of the important and distinctive qualities of the STEPWISE framework is its 
emphasis on integrating the practice of science education with civic engagement 
around identified community problems. In this sense, STEPWISE is a model of sci-
ence education that is an alternative to hegemonic models of science education that 
focus on developing human capital skills as part of the broader neoliberal economic 
development project (Pierce, 2013). It is a model of science education that is inher-
ently democratic in this sense; it allows the learning about and production of scien-
tific knowledge in the service of communities as opposed to dominant top-down 
models of science education that comprise most approaches in schools in the U.S. 
and other advanced industrialized nations. STEPWISE allows for a practice of sci-
ence education that looks a lot like what, in the context of Europe, has been called 
the science shops movement which has focused on providing access to research in 
institutions of higher education in ways that serve community needs instead of 
profit growth for corporations (www.livingknowledge.org/livingknowledge/). In the 
example I have offered here of a school garden and the connected critical food lit-
eracy research project, there are a few STSE actions that I think are important to 
highlight and that are made allowable by the STEPWISE framework for science 
education.

Taking a problem such as food injustice in a community is a complex one that is 
difficult to research in one semester of class. Moreover, the way the industrial food 
system has been normalized over the past century in the US makes it challenging to 
get students (as well as teachers and community members) to question how and 
from where we get our daily food and in what ways this system threatens our health 
and wellbeing while simultaneously creating windfall profits for some of the most 
powerful corporations in country. Yet this is precisely the type of question the 
STEPWISE framework is designed to deal with as a science education model. In 
particular, through the phases of research described above, students and community 
members will participate in research that hopefully has a direct impact on their daily 
food lives while also generating alternatives to the industrial food system that sur-
rounds their community. One important STSE action that is built into the critical 
food literacy research project is to have students present and discuss their findings 
to the community garden board rooted in the family center at the school.
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Specifically, by the end of the semester of research students will have created a 
comprehensive actor network map that incorporates each phase of research through 
use of Mental Modeler software (www.mentalmodeler.org/). The MentalModeler 
software was designed by environmental science and political science researchers 
interested in developing a better way to conceptually map socioecological problems 
in a way that included community stakeholders within the research process. In other 
words, one of the most important virtues of the software is that it lends itself to col-
lective decision making based on data collected by researchers and community 
stakeholders—thus breaking down the usual expert driven research model practiced 
in the academy and the sciences more broadly (which also agrees with ANT). Our 
goal in using the MentalModeler software as a visual method for presenting the 
students’ research is to provide a collective platform from which to make evidence 
based actions in the community around food justice concerns. For instance, if stu-
dents’ research during the critical food literacy project suggests that expanding the 
size of the existing school garden so more fresh food could be offered in the school 
cafeteria as a way to offset the daily consumption of industrialized, highly pro-
cessed food then we could run this scenario through the MentalModeler software to 
see what would be needed in terms of land use and production levels. One of the 
strengths of the MentalModeler software is that it can be used as a tool to show, 
through visual graphs, positive, negative, or neutral impacts on different proposed 
scenarios such as increasing the yield of food grown in the school garden to replace 
highly unhealthy food (negative impact) from the school’s cafeteria. In this sense, 
students not only get to drive the research around questions of food justice in their 
community and school but they also are given the opportunity to present in a com-
pelling and accurate way the data collected throughout the semester to community 
stakeholders who are interested in enlarging the school garden’s growing area. The 
principal and the school garden board have already doubled the size of the garden 
recently and hopes to do the same in the near future—research produced by students 
who are studying food justice in their community, it is hoped, will provide compel-
ling evidence to realize garden expansion.

Finally, in addition to using MentalModeler software to build conceptual maps 
where the impact of increasing the size of the garden can be visualized and mea-
sured, students will also be working in the garden itself, learning about different 
plants and growing practices from the community members who run the garden. So, 
in this sense, the garden, at the end of the final phase of research, will become a 
learning laboratory in which to develop alternative food literacies at the level of 
food production habit formation. Production of food, cultural knowledge about how 
to grow different types of plants and specific practices (such as how to plant corn 
seeds in small mounds of soil), and what the nutritional value of the food compared 
to the food actors students already studied are all part of the learning experience 
students will engage at the end of the research project. Because the particular class 
of 7th and 8th graders with whom we are working with are enrolled in a service/
civic engagement class focused on the Latino/a community in the area, students are 
going to be asked what role the school garden can play in providing an important 
resource for the community. Here we hope to generate dialogue with students about 
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the different production model of food practiced in the school garden and that of the 
food distribution sites they studied in their community. Who and what, in other 
words, have direct relations with food production in each model and which is more 
democratic in its organization?

Within the context of the school garden, then, STSE action is focused on stu-
dents’ interaction with the garden, community members, and the productive rela-
tions that construct this learning space. I think it is also important to emphasize this 
experimental learning space where students can learn growing and eating habits 
within the garden because it demonstrates another dimension to the STEPWISE 
model and in particular what STSE action can look like science education contexts: 
it also can include and foster the development of alternative habits and values to 
heavily schooled spaces (think highly standardized, industrial schooling) that are 
more in line with healthy communities and ecosystems. STSE actions, put differ-
ently, can provide the pedagogical space where alternative value systems to indus-
trial models of school and food can be developed, one that Dilafruz Williams and 
Jonathan Brown’s work on learning gardens have pointed out (2012). Using ANT 
within the STEPWISE framework thus allows for not only the epistemic (how we 
create knowledge) room to learn about complex food actor networks and the ways 
they maintain food injustice but also educational spaces for learning alternative hab-
its to industrial schools and food systems. Freeing both our communities’ body and 
minds from these industrial delivery systems of food and education needs to begin 
from somewhere. STEPWISE is one such exit point for us to learn our way out 
problems that now require complex thinking and empowered communities espe-
cially when those problems are guarded by the scientific experts of the education 
and food industries.
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Chapter 21
Rebuilding Community Spaces: Integrating 
Resilience into STEPWISE

Cassie F. Quigley

Communities across the globe are encouraging progressive, citizen-driven environ-
mental practices. In his book, Blessed Unrest, Paul Hawken (2007) discovered over 
two million organizations work toward ecological sustainability and social justice 
worldwide—most occurring on a very small scale in classrooms, homes, and back-
yards. He calls this movement, ‘the largest social movement in history that no one 
saw coming’ and carefully connects it with an ideology focused on improving life 
through social, economic, and environmental justice—similar principles to the 
wellbeing of individuals, societies, and environment (WISE). That said, I concur 
with Neil Adger and his colleagues (2001), who say that environmental changes at 
the local level are largely obscured because of larger dominant discourses from 
policy makers and government officials. This rhetoric is almost entirely subjugated 
by impressions that environmental issues are only resolved through globally- 
coordinated action(s)—as documented during the Stockholm Conference in 1972, 
Club of Rome in 1973, the World Conservation Strategy in 1980, Rio in 1992, 
Johannesburg in 2002, and the present-day Earth Summits. Motives for this rhetoric 
are varied, and include economic and cultural globalization—meaning those in con-
trol of the global ‘solutions’ will advance financially and influence culture world-
wide often without consideration of local knowledge (Quigley, Dogbey, Che, & 
Hallo, 2014). Dismantling dominant rhetoric is difficult. It requires forces that reject 
top-down government approaches enforcing specific actions that are counter to val-
ues of local communities. That said, we honor the work in schools and teacher 
education programs that are infusing STEPWISE-informed approaches. 
‘STEPWISE’ (Science & Technology Education Promoting Wellbeing for 
Individuals, Societies & Environments; see: www.stepwiser.ca) is a curricular and 
pedagogical framework that conceives educational domains, such as skills and 
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knowledge, as co-dependent—while arranging such domains in ways that promote 
personal and social actions to try to rectify perceived problems associated with 
fields of science and technology.

As a high school, environmental science teacher, I incorporated a STEPWISE- 
informed approach while teaching at an international school in Southeast Asia. The 
students voiced concerns about residue left on their desks from frequent mosquito 
spraying that occurred in the school; they were worried about dangers of the chemi-
cals. Coincidently, we were beginning individual inquiry projects, and the students 
asked if they could research the mosquito spraying practices in order to examine if 
there would be alternative strategies to spraying. As a teacher who readily incorpo-
rated place-based/project-based instruction, I jumped at the opportunity to have a 
project that was not only student-driven, but had potential to impact the health of the 
school as well as the local environment. The students invited the pest control com-
pany, Pest Busters™, to class and asked them to present the types of chemicals used 
in order to learn more about their pest control practices. Importantly, the students 
created a list of pre-questions surrounding content necessary to hold a meaningful 
discussion with Pest Busters employees. As discussed in Chap. 2 of this book, this 
step, Students’ Research, was critical to inform any actions they could suggest in 
place of mosquito spraying. Some questions included, “What is the life cycle of a 
mosquito?” and “What diseases are spread by mosquitos?” and “What is the anat-
omy of a mosquito?” After explorations regarding Students’ Research, we held a 
discussion with employees who presented the types of chemicals used (i.e., cyper-
methrin, thiamenthoxam, and chloropyrifos). The students discovered most of the 
chemicals were being used in drains despite warnings to not use in any water source 
for potentially contaminating water sources. Additionally, almost all of the chemical 
containers warned against use in areas where children were present. During our 
discussion, Pest Busters™ admitted they felt the chemicals were being overused 
and had warned the school board about risks of chemical resistance in mosquitos. 
Despite these concerns, the chemicals were being sprayed, misted, or spread in 
crystal form, twice a week.

As the discussion came to a close, the students began to conduct Students’ 
Research, to understand the toxicity levels by the World Health Organization, and 
alternative uses for chemicals. Additionally, using various sampling techniques, the 
class determined the relative densities of mosquitos (both larval and adult) in differ-
ent habitat types around the school. The focus was on the Aedes mosquito, as this is 
the primary way Dengue fever is spread, a major health concern for the community. 
Therefore, a portion of the Students’ Research was on identification of Aedes and 
learning structures of the insect. The students became interested in the transfer of 
other diseases through insects, such as Lyme disease through ticks; and, therefore, 
a subset of the class explored this topic. After obtaining initial data of the relative 
densities, the students plotted the largest densities on a map to look for patterns. 
Then, they began the activist portion of study, which was to work to reduce the 
numbers of mosquitos by covering drains and creating systems for drying up pooled 
water. They then created a list of high-risk zones, areas that were still problematic 
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and intervention was needed. The students recommended landscaping and draining 
to prevent further pooling of water—a breeding place for Aedes.

After a 3-month investigation, the students analyzed the data and found powerful 
results. They were able to reduce the number of mosquitos in a target area by almost 
30%, which was higher than the reduction rate of Pest Busters™. In addition, 
because the students were also preventing breeding of mosquitos instead of reduc-
ing the number of live adults, they predicted the numbers to continually decrease. 
However, the exact prediction could not be calculated precisely given our small 
sample.

Next, the students presented their findings and alternative solutions at the school 
board meeting. The school board listened as the students presented and then asked 
questions about Dengue fever and the ability to target the Aedes mosquito. The 
students responded with evidentiary support about the ability to remove breeding 
grounds by reducing the amounts of standing water. The school board persisted and 
said, “We need a guarantee the Aedes mosquitos would be killed.” Then the school 
board president stated, “In the 8 years we’ve used Pest Busters™, we’ve never had 
a reported case of Dengue on campus.” At the end of the conversation, as their sci-
ence teacher, I was proud. The students effectively and clearly communicated their 
results and responded to the questions with scientific evidence. Despite this success, 
I realized I had not prepared my students for one element of activism—rejection. 
We were so thrilled by our results that I forgot our audience was a group of busi-
nessmen and women who were running a profitable school. As we walked back to 
the classroom, I could see the disappointment on my students’ faces and realized 
that STEPWISE-informed practices required something else of students—resil-
ience. As an environmental scientist, I understand the resistance towards change, 
but also understand needs for persistent activists. So, a question becomes, ‘How do 
we evoke persistence of activism in our science classrooms?’

Connecting scientific knowledge to activism begins and is strengthened in our 
classrooms. Even in the standards-driven United States curricula, activism remains 
a part of the goals of science education (National Research Council, 2012). Social 
activism involves taking personal accountability and actions in solving societal 
problems, but also influencing actions of others—including parents, friends, neigh-
bors, local businesses, and in our case, the school board (Lester, Ma, Lee, & 
Lambert, 2006). Louise Chawla (1999) studied motivations of environmental action 
and found one of the most influential aspects was education especially when it 
involved a sense of agency, student voice, and belonging.

As I examined the STEPWISE-informed practices in my classroom, I noticed 
student voice, belonging, agency was prevalent. For example, during the mosquito 
project, the students had voice in topic of study, voice in the way in which they 
conducted the study, and because of the legitimacy of situation. This was a real situ-
ation that affected the students. Social justice was present in the form of student 
agency—the act of influence and effect in a specific circumstance—in opportunities 
to be agents of change in their school by working to improve conditions in their 
school. Dana Mitra and Stephanie Serriere (2012) found students, particularly mid-
dle schoolers, valued their schooling the most when teachers privileged their voices. 
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The concept of belonging includes developing relationships marked by supportive, 
positive experiences with teachers and peers. This includes opportunities to learn 
from one another (Mitra, Serriere & Stoicovy, 2012). Belonging increases student 
attachment to peers and teachers but also their broader community. This is critical 
to STEPWISE-informed practices, as they are situated in  local, relevant socio- 
scientific or ‘STSE’ (Science, Technology, Society, Environment) issues. This sense 
of belonging helps to motivate students and provides a support system when faced 
with challenges in their activism (Mitra & Serriere, 2012).

Two days later, when I walked into school, I witnessed this persistence. Posted 
on almost all of the classroom doors were handmade signs that read, “No Pesticide 
Zone. Children Learning” and “No Spraying in Our Classroom.” Without my 
knowledge, the students had talked to all the classroom teachers, presented informa-
tion they discovered about the toxicity of the chemicals used in the spraying and 
risks of long-term exposure to high-risk groups such as children. One by one, the 
teachers were convinced and posted signs asking the company not to spray. The 
school board ignored the resistance but the company listened. The company stated 
it did not feel comfortable spraying in areas where employees were asking them not 
to do so. As a result, the school board issued a statement, “Teachers have the author-
ity to not have his/her classroom sprayed and the pest company will not spray on 
any classroom with a sign. The teachers do not have authority beyond their class-
room walls. Thus, any shared space, such as offices, cafeterias, etc. will be sprayed 
according to the guidelines established by the pest company.” When discussing this 
victory with the students, they felt vindicated but understood decisions the school 
board made were not guided by scientific evidence. This frustrated them but also 
motivated them. They talked about a sense of belonging to a problem that was situ-
ated squarely in their school and, armed with their voice, knowledge and a sense of 
obligation to continue, the students persisted despite the school board’s decision.

When students are activists, they often face barriers. But during these challenges, 
leadership can provide pathways to persist. Mitra and Serriere (2012) explored stu-
dent voice in an elementary school, highlighting the case of “Salad Girls,” three 
young students who evoked changes in the food choices at their school cafeteria. By 
conducting an inquiry that involved gathering data school-wide and communicating 
results to the decision-makers at the school, the girls were ultimately able to galva-
nize changes in the school menu. Similar to my students, the Salad Girls faced 
standoffs. However, unlike our situation, the Salad Girls had the support of the 
principal, who encouraged them to meet with district-wide officials. So, why did my 
students continue to fight without a clear conduit towards change?

As I reflect on what motivated them to continue their quest, I realized the 
STEPWISE-informed approach, included opportunities for students to learn about 
their ecological home—their school. The investigation into pesticide use and mos-
quito behavior armed them with knowledge and gave them agency to meet with the 
school board. Even though the school board refused to listen to the evidence, they 
felt they had a responsibility to improve their community. They were resilient. 
Environmental education acting alone, in the absence of opportunities for youth to 
gather knowledge about their community, cannot be expected to create youth that 
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adapt to changes around them and to make better uses of their resources. Without 
these opportunities, we cannot expect resilience needed to persist when faced with 
resistance.

Reflecting on the first 20 years of the United States’ National Environmental 
Education Act (NEEA), it succeeded in introducing thousands of people to environ-
mental issues in their communities. Nevertheless, the public’s awareness is not 
accompanied by a commensurate understanding to solve these environmental prob-
lems (Tidball & Krasny, 2011). This is despite considerable transformations in ways 
in which we teach environmental education (Hungerford, 2009). These changes 
include development of STEPWISE-informed approaches that include both activ-
ism and scientific content. Unfortunately, there is one component of environmental 
education that tends to detach and disengage youth. Overwhelmingly, environmen-
tal education continually emphasizes that humans negatively impact their environ-
ment, which implies that humans are separate from the environment (Tidball & 
Krasny, 2011).

Tim Ingold (2000) examined risks of viewing humans as separate from environ-
ments and offers differences between them. He contends the world can only be 
‘nature’ without humans inhabiting it, while ‘environment’ is nature with relation to 
humans. In this view, ‘environment’ is always viewed from the human perspective. 
By delineating nature from environment, we avoid seeing ourselves as beyond the 
world and, thus, somehow able to intervene on its processes. Environments are con-
tinually changing through activities of humans and, therefore, ‘environment’ is not 
static. As science educators, we can reframe dichotomies of human and environ-
ment to view them as interconnected and interdependent.

This is an area where I think the process could be more transparent to students 
during implementation of STEPWISE and a place where I fell short during instruc-
tion. In my environmental science class, even with the infusion of STEPWISE 
approaches, the students repeatedly focused on humans’ negative role in the envi-
ronment. The students were caught in an anthropocentric view of the environment—
that humans were in control of environments and their actions, while influencing 
their view of the environment, seemed to be in control of environmental forces. I 
saw this as a roadblock. For me, it was difficult to isolate scientific principles I felt 
were necessary for students to understand while placing it in a context that was 
student-driven and relevant. During our inquiry into mosquito control, there was an 
overwhelming focus on human’s control of the mosquitos and little investigation 
into other factors that could control the insects (i.e., temperature, predators). Even 
when predators were discussed, it was how humans could introduce bats into the 
environment versus those naturally occurring predators. However, with each intro-
duction of factors, solutions and scientific concepts got muddled. As a teacher, I 
avoided the chaos by looking at a few human-induced factors instead of a larger 
systems view. In this way, one challenge of STEPWISE is to reframe this anthropo-
centric view and embrace the messiness that characterize the environment.

STEPWISE has another opportunity to impact EE curricula in meaningful ways. 
Numerous experts in the field agree that there are negative perceptions of imple-
mentation of EE worldwide. There are several reasons for such perceptions: 
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 integration difficulties that create curricular disorganization resulting in a patch-
work of a variety of subjects without meaning; puzzling connections between social 
and natural sciences leading to over-reliance on specific fields, such as geology, 
biology, or geography; and lack of professional learning for teachers, which leads to 
difficulties selecting effective pedagogical methods to implement EE (Almeida & 
Vasconcelos, 2013). These deficiencies often lead to schools’ one-off activities 
(such as trash pick-up in a park or planting trees in school grounds) or ‘shock doc-
trine’ (Mueller & Bentley, 2007) to scare children into participating in ‘green’ activ-
ities. While these activities provide external benefits (parks are cleaner), they fail to 
provide students with connections between their actions and environmental knowl-
edge. They also fail to produce long-term effects on environments. Worse yet, these 
activities result in the alienation from nature, as youth feel the issues are too exten-
sive for them to unravel (Louv, 2005). Another considerable issue with short-term 
approaches to EE is that they exclusively reflect an anthropocentric view of the 
human–nature relationship, as if this view was the only one possible (Almeida & 
Vasconcelos, 2013). When examining policies that are most often enacted in 
schools, there is an over-reliance on natural resource management to ensure the 
needs of humans (Feygina, 2013). In contradiction, it is exactly these views—that 
the value of nature is derived from the human use—that are at root of the current 
environmental state.

Certain theories, such as those that describe social-ecological systems, view 
humans as integral components of ecosystems. These theories help to link learning 
at the individual level with changes at the community and ecosystem level. Integrated 
social-ecological systems (SES) provide a lens to examine environmental education 
as a part of a larger system (Walker et al., 2006). SES can help make learning and 
education transformational at different levels (e.g., individual, community and 
ecosystem).

Before turning to a discussion on how SES can play a more substantial role in 
STEPWISE, I explore learning as an interactive process. Whereas environmental 
scholars have assumed cognitive views of learning (Jordan, Messner, & Becker, 
2009), other scholars have focused more on interactive social contexts of learning 
(Alexander, Schallert, & Reynolds, 2009). Scholars who adhere to interactive learn-
ing theories suggest that, during learning, there are changing levels of participation 
in authentic communities of practice (Lave & Wegner, 1991). For example, learning 
occurs when someone interested in improving water quality in their community 
moves from being an observer of others doing a cleanup of a local lake (water qual-
ity community of practice), to peripheral participation (someone who participates 
but has not yet mastered the practice), to a full participant who is able to monitor 
and clean up the lake. However, other scholars suggest learning is more complex 
than novices becoming active community participants. Instead, a more recent under-
standing of learning describes multiple interactions of learning systems and a learn-
ing process that is continual but not linear (Alexander et al., 2009). These scholars 
consider learning as more dynamic and interactional, exerting a “reciprocal effect 
on the learner’s surroundings” (p. 178).
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A SES view of learning expands on this effect on the learner’s surroundings and 
suggests that the learner has access to many tools, concepts, strategies, people and 
contexts that ‘afford’ learning. These are referred to as affordance networks (Greeno, 
1998). For example, when participants clean up a local watershed, which creates a 
fishing spot wherein people interact with the watershed, the fish, and the environ-
ment, this creates a new affordance network. These ideas of learning are often found 
in ecology literature and assume an iterative feedback between the learner and their 
environment. In short, interactive and ecological views of learning define successful 
participation and increasing possibilities for action in a social-ecological system 
(Barab & Roth, 2006). Thus, learning is composed of individuals interacting with 
each other and the physical environment.

Building on this SES view of learning, environmental education is defined as a 
program or activities in which students interact with social, physical and biological 
environments, under the guidance of more experienced individuals (Tidball & 
Krasny, 2011). These programs have two goals: to change individual behaviors and 
impact social and ecological processes that foster social-ecological system wellbe-
ing. There are many theoretical frameworks used to understand the interaction 
between environmental education and social-ecological systems (Jordan et  al., 
2013) and resilience theory is one of the theories.

Resilience theory (Folke, 2006) readily integrates social and physical environ-
ments that are critical to environmental education. Resilience in social-ecological 
systems examines the following: (1). The amount of change a system can undergo 
and still maintain its identity (such as a city maintaining a green space that is used 
for a children’s playground even though a large overflow parking lot is built through 
it). (2). The ability of a system that has degraded but can still rebuild (i.e., the previ-
ously described children’s playground becoming a vacant area used for dumping but 
then is rebuilt by the community through civic action). As I work to promote resil-
ience in activism in my classrooms through STEPWISE, I found it important to 
demonstrate the resilience of our physical environments. I noticed that if students 
could witness the resilience of the environments, they were able to mimic this resil-
ience to evoke change. It was as if witnessing the resilience of the environment 
strengthened their resolve.

SES is helpful for considering ways to increase environmental literacy, while 
understanding that involving students in civic action, particularly those that are 
community-based, do not always translate into positive outcomes. Thus, an impor-
tant component of applying resilience theory is the concept of virtuous and vicious 
cycles (VVC) (Powell, Selman, & Wragg, 2002). These cycles represent interac-
tions that are typically self-sustaining and reinforce one another. If the influence is 
negative, they are considered vicious cycles. If the influence is positive, they are 
considered virtuous cycles. Understanding these virtuous and vicious cycles can 
provide a way to understand how environmental education programs might interact 
to create a desirable social-ecological system.

When working with STEPWISE-informed practices with students in South 
Carolina, our class considered dredging of a local watershed, the Savannah River. 
Dredging compromises freshwater wetlands leading to health issues by affecting 
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drinking water for millions of South Carolinians. Dredging also results in economic 
loss, as the Jasper port, a local port located on the Savannah, would be forced to 
close. In our research, we learned 25% of proposed dredging was located on the port 
site. The students worked with the community that lived in the neighborhood adja-
cent to the port. Together, the students and the community self-organized to prevent 
dredging and encouraged opening of the Jasper port by lobbying government offi-
cials. This work transpired over the course of 2 years and demonstrates needs for 
students and communities to be resilient. What I, as the teacher, noticed is that com-
munity and the students leaned on each other, offering support, feedback, and solu-
tions as they needed to problem-solve through government agencies, webs of 
conflicting scientific data, and unfamiliar economic models. However, through 
STEPWISE, which included scientific research, community efforts and activism, 
the site was transformed into social and economic capital through jobs at the port, 
salvaged the wetlands, and protected the water source for drinking. This type of 
civic action ‘flipped’ the vicious cycle to a virtuous cycle of renewal and demon-
strated resilience—of the students and of the physical environment.

Using this theoretical framework with STEPWISE-informed practices bolsters 
current narratives of traditional environmental education, which tend to expose 
youth to green spaces (e.g., hiking, camping) instead of providing them opportuni-
ties for action on spaces that are emerging from vicious cycles. In this way, the 
students do not act in isolation and can be a part of efforts that are ongoing and are 
already moving from vicious to virtuous. Environmental education without context- 
based, real-life situations for students to discuss their perspectives about environ-
mental sustainability cannot realistically engage civic action and bring about 
change. Moreover, as stated earlier, much environmental education literature 
focuses on humans as the destructing force. As with STEPWISE, the goal of using 
this theoretical framework of resilience is to teach students not to be that destructing 
force by advancing environmental literacy and civic action.

Overwhelmingly, through STEPWISE-informed experiences, my students devel-
oped a sense of belonging in the community, had voice in the process, and devel-
oped agency through the activist component of the practice. All of these components 
are well documented in civic engagement and efficacy literature and are critical to 
creating an informed populous (Mitra & Serriere, 2012). However, the needs and 
the abilities to be resilient should be presented as an asset to promoting change in 
the community. Future research should consider whether specific ways in which 
STEPWISE-informed practices can support/encourage/promote resilience in our 
youth. The question remains how do we create contexts for our youth to engage with 
STEPWISE-informed practices in multiple ways. Within schools, potential 
STEPWISE-informed practices at the curricular level such as science or social stud-
ies classrooms. If STEPWISE-informed practices are readily infused in schools, 
youth could have meaningful experiences that could create a sense of belonging, 
agency, voice, and resilience.
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Chapter 22
Socio-scientific Inquiry-Based Learning: 
Taking off from STEPWISE

Ralph Levinson and The PARRISE Consortium

22.1  Introduction

In the contemporary post-industrial world, where effects of neoliberalism and glo-
balisation on education policy are becoming increasingly insidious (Ball, 2013), it 
is encouraging to see a resource such as STEPWISE,1 which explicitly challenges 
underpinning social values and epistemologies of school education encouraged by 
a market adapted for extreme consumerism. STEPWISE provides not only encour-
agement for socio-political engagement but a theoretical framework that justifies 
the strategies adopted. For reasons discussed in Chap. 2, it is challenging for the 
STEPWISE philosophy to gain leverage in science school curricula. Those situa-
tions where STEPWISE has gained momentum perhaps emphasize the exceptional 
characteristics of pedagogy and democratic school structures where such practice is 
enabled. Enacting the STEPWISE philosophy cannot separate itself from the 
broader educational and social context. Science curricula in most post-industrial 
countries have outcomes based on meeting certain defined targets and a teacher 

1 STEPWISE’ is the acronym for Science & Technology Education Promoting Wellbeing for 
Individuals, Societies & Environments. It is a theoretical and practical framework that organizes 
teaching/learning goals in ways that encourage and enable students to self-direct research-informed 
and negotiated actions to address personal, social and environmental problems linked to fields of 
science and technology. To learn more about this framework, refer to Chap. 2 in this book (and: 
www.stepwise.ca).
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London – Institute of Education, United Kingdom.
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culture that is underpinned by ‘presentism’ (Hargreaves & Shirley, 2009), a persis-
tent focus on short-term measurable outcomes.

22.2  The Political Climate

Schools and their curricula do not exist in a socio-political vacuum (Apple, 2004). 
Science curricula, and their associated STEM agendas, have been particularly sus-
ceptible to political influences (Pierce, 2015). This can be seen, for example, in the 
2012 curriculum reforms by the UK conservative government, which imposed 
greater prescription and focus on content (Vasagar, 2012). Added to this are political 
pressures generated from international comparisons through the PISA results where 
England was seen to do badly compared with the Asian tiger economies. ‘“England 
needs a rocket under them to improve their PISA scores”, says Minister for 
Education’” (Baird et al., 2011, p. 140).

One of the reasons why there is such panic about achievement in STEMsubjects 
can be seen in resources that privilege science, technology and engineering in higher 
education as well as in rhetoric that accompanies pushes towards the STEM agenda. 
Such rhetoric is couched in language of national economic competitiveness, human 
capital resource (Thomasian, 2011), supply and demand, high-end technologies and 
added values — together with ‘softer’ language of climate change and sustainability 
(Ravetz, 2005). The new science-society formulation of the EU, however, is ‘RRI’ 
(Research, Responsibility and Innovation): emphases being on science for society 
and with society (Owen et al., 2009). Advancements in science and technology need 
not be detrimental to the planet or to human communality; on the contrary, with 
public participation and goodwill, technoscientific progress in a market-driven 
economy could, according to RRI philosophy, go hand-in-hand with technologies 
that can remediate some of the more harmful effects to environments. Such propos-
als need to be treated with caution, however, particularly in light of dismantling of 
welfare state policies in Europe, rise of free marketism and entrepreneurship, as 
well as the complexity of relations of technical expertise and lay knowledge and 
concerns (Jasanoff, 2003).

No one except an extreme Luddite (in fact there is a lot we can learn about col-
lective bargaining from the Luddite movement and the political organisation in 
response to the introduction of labour-saving technologies) would gainsay that tech-
nologies can be enhanced for the public good. For those of us, particularly those 
born between the end of WWII and the 1960s, who live in the post-industrial world 
in relative affluence and employment, benefits of a highly developed science and 
technology base are manifest in vastly improved health, longevity, mobility, educa-
tional possibilities compared with our grandparents. But the problem is not that 
science and social egalitarianism are mutually contradictory; i.e., that science and 
technology are associated with markets and free enterprise, as opposed to fair dis-
tribution of goods. Despite attempts to exploit possibilities of digital technologies, 
for example, to address social exclusion and enhance social mobility little progress 
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has been made (Selwyn et  al., 2001). One of the problems is the nature of the 
consumer- led and driven market that creates goods which harm social life, and a 
hyper-reality (Baudrillard, 1994) that is self-referencing. Social and material 
inequalities reduce social trust and drive consumerism; there is a correlation, for 
example, between a country’s income inequality and low levels of waste recycling 
and high carbon emissions (Wilkinson & Pickett, 2010). When tracing back materi-
als that give us so much value (e.g., superconductors, gems, rare metals) to their 
source (a problem addressed by STEPWISE), benefits of material progress for the 
affluent in rich countries need to be measured against material and social devasta-
tion caused to those in producer countries (Shiva, 2000).

Over the last thirty years in the UK and much of the industrialised world, there 
have been shifts through the ‘Third Way’ (Giddens, 2008) towards more overt neo-
liberal discourses; the recent TTIP (Transatlantic Trade and Investment Partnership) 
agreements reflect the extent to which the EU treads carefully with global corporate 
giants. New information and social media technologies have accompanied these 
changes, which have also enhanced possibilities for, and economics of, globalisa-
tion. In terms of science, there have also been concomitant changes in the nature of 
citizenship, from one which was dependent on the goodwill of the state and scien-
tific expertise to one which has become sceptical of expertise, and organising itself 
in new ways (Novas, 2006). STEPWISE’s response to this problem is to enhance 
social empowerment through school science education (Bencze & Carter, 2011).

22.3  Socio-scientific Inquiry-Based Learning (SSIBL)

In this article, I discuss a framework for a European project (EU) that is influenced 
by philosophy associated with STEPWISE, namely an aspiration to social justice 
through authentic action, but which builds up from inquiry and citizenship through 
the EU formulation of RRI.

SSIBL The European Union has a broad commitment to Inquiry Based Science 
Education (IBSE) (Rocard, 2007). Inquiry-based methods have been shown to 
increase ‘both children’s interest and teachers’ willingness to teach sciences’ (p. 12). 
Much of IBSE funded by the EU to date has focused on developing scientific knowl-
edge and procedures (in STEPWISE terms, Products and Skills Education) and has 
been broadly inductive. Pierce (2015) has described this separation of science from 
social and cultural concerns as ‘purification,’ which stems from a broader 
Enlightenment problematic.

Socio-scientific inquiry is challenging for teachers because it takes students to 
unexpected and unanticipated areas of knowledge. Some of the inquiries discussed 
below are similar to the kinds of activities proposed by STEPWISE. I am part of a 
consortium of science teacher educators in universities in Europe, with the acronym 
PARRISE (Promoting Attainment of Responsible Research and Innovation in 
Science Education) funded by FP7 (‘FP7’ stands for the ‘7th Framework Programme 
for Research and Technological Development’ and is designed to respond to 
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Europe’s needs in terms of jobs and competitiveness, as well as enhancing the 
global knowledge economy), developing inquiry activities in the context of 
Research, Responsibility and Innovation (RRI), Citizenship Education (CE) and 
Socio-Scientific Issues (SSI) (see Fig. 22.1).

Our project acknowledges importance of social participation: scientific research 
and production should be carried out with and for society (Owen et al., 2009). How 
this can be achieved presents political and structural challenges (von Schomberg, 
2013) through ‘anchor points’ that are ethically acceptable, sustainable and socially 
desirable. Influences of political literacy; i.e. critical citizenship education on 
inquiry-based activities frame science inquiry within contexts of social and political 
questions, what we have termed SSIBL (Socio-Scientific Inquiry Based Learning). 
At the heart of SSIBL is researching a question aimed at improving local and/or 
global conditions, producing realisable outcomes through democratic processes, 
and drawing on scientific knowledge that may be recontextualised as part of this 
process. The inquiries should stem from the concerns and pre-occupations of the 
young participants, although scholars such as Laurent Humbel et al. (2012) recog-
nise that social inquiries stimulated by controversy need to incorporate a pedagogi-
cal triggering mechanism, an ‘element declancher’. Hence, part of the SSIBL 
programme at the scaffolding stage has much in common with apprenticeship activ-
ities in STEPWISE. In the next section, we describe some examples that reflect the 
spirit of SSIBL.

Fig. 22.1 The components of SSIBL
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What SSIBL Activities Might Look Like Before depicting the SSIBL frame-
work, below are a few examples to illustrate its philosophy.

22.3.1  Campaigning Against the School’s Sugary Drink 
Dispenser

This account was given by a college principal and formed part of the evidence for 
the Valuable Lessons (Levinson & Turner, 2001) research study.

Senior management in a college for students in the 16–19 age range installed a 
drinks dispenser to raise money for extra-curricular activities. Noting the problem 
of a dispenser of high-sugared drinks in their college, a small group of students 
decided that the action by the school authorities was detrimental to the students’ 
interests. Such drinks were deemed to be unhealthy and to inhibit concentration. 
They approached the Principal, asking for the dispenser to be withdrawn. The 
Principal refused, arguing that money raised by use of the dispenser helped to fund 
out-of-school activities and was used by many students.

The group then decided to collect as much secondary evidence as they could to 
buttress their argument and to campaign within the college for its removal. They 
brought their argument to the College Council, a representative student body, which 
decided that the dispenser was not in the college’s best interests but to also form a 
group to find alternative ways to make good any losses incurred by the removal of 
the dispenser. The college management agreed to implement their decision and to 
work with them to find alternative ways to raise money.

22.3.2  Assisted Reproduction

This activity is based upon challenging representations of assisted reproduction 
(AR) often promoted by private clinics (Fig. 22.2).

Questions about AR are commonly-discussed in older age groups in secondary 
schools, aged 15+. Young adults are reaching an age where having children becomes 
realisable and many values of family and status are related to having children. AR is 
a medical resource that can enable a couple to have children, but problems as pre-
sented in schools are often conceptualised as medical ones: the biology of the cou-
ple’s reproductive systems, and associated psychological problems (Reis, 2015). 
But these raise other ‘hidden’ questions.

 1. Should AR be publically funded through the health service. What is health? Does 
AR come under the category of health? In some countries, AR may be positively 
encouraged through public health services for political reasons; e.g., population 
growth. In others, it may be very difficult to gain access to them.
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 2. If AR is sought privately, this raises questions of social justice — a balancing of 
rights (‘I have the right to spend my money to follow options open to me’) as 
against egalitarianism and social cohesion (‘why should advantages of embodied 
nature be available for some and not others?’). In a society where it is seen as 
desirable, or having status, to have children accessibility to this technology is, 
therefore, a political question. What about political, cultural and religious issues 
in extending these rights to same-sex couples?

 3. Regulation of the fertility industry. Fertility clinics regularly advertise through 
media (see Fig. 22.2). How they represent themselves is open to critique. But 
how are they regulated against malpractice?

 4. That technologies are available makes it important to understand risks involved. 
What information would we need to assess these risks?

 5. What about ethical questions implicit in AR? Such a technology effectively 
makes selection of particular attributes possible. The most common is sex selec-
tion but also selection against or sometimes for particular disabilities; e.g. there 
has been a debate in the deaf community about selecting for deaf children (Mand 
et al., 2009).

 6. Poorer countries have become suppliers of cheap womb labour and services; 
e.g., egg provision. Globalised economies, reproductive tourism  (www.eggsploi-
tation.com).

Fig. 22.2 Use of images 
to promote raising 
questions (Taken from 
http://www.dailymail.co.
uk/news/article-2143184/
Fertility-firm-appeals- 
Cambridge-University- -
girls-egg-donations.html)
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Hence, this raises questions at personal, social and global levels:

• What does this mean for me and my family? How do I feel about the possibility 
of AR?

• What do these questions mean for the society I live in?
• What are the global issues connected with this? What are the practices now and 

how do they promote diversity and inclusivity, compassionate justice and renewal 
of life?

Figure 22.3 represents the inter-connected issues that arise from the above questions 
about AR and link the social and political questions to the scientific context. An 
outcome of inquiry into this issue might be a leaflet produced by students which 
raises some of these questions, and suggested stimuli for discussion in science 
lessons.
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22.3.3  School Animal House

Studying heat transfer, the teacher might use a number of examples, including the 
school animal house. Pupils in a school might be aware that the animal house is 
quite old, and can become over-warm in summer and too cold in winter. As a result, 
in winter, the heating system has to be kept on to keep the animals warm and, in 
summer, the fan has often to be kept running to cool the animals. This extra use of 
electricity impacts on the school’s electricity bills and pupils can relate this to exces-
sive and unnecessary use of fossil fuels at a global level. They could draw on their 
knowledge of heat transfer to solve the problem and, as a class, generate the ques-
tion: ‘What is the best design for the school animal house?’ It has to maintain a 
steady temperature (knowledge of small warm-blooded mammals) under different 
weather conditions. The planning stage might involve different groups testing dif-
ferent materials and designing small-scale models to check their predictions. Each 
group designs their own model and tests how well they maintain a steady tempera-
ture in different ambient temperatures (high and low). Some time is allowed to 
change designs, if necessary, and then each group presents their findings to the year 
group. The best design is selected and the pupils build the animal house (or employ 
a company to build the house according to their plans). Tests are carried out once the 
animal house is built to check that it is working properly, and they also assess 
changes in fuel bills as a result of their design. The details of their inquiry are pre-
sented at the local teachers’ science education meeting.

Table 22.1 outlines the age range, the scientific knowledge that needs to be 
recontextualised and applied for each inquiry activity and possible action points.

22.4  Explaining the Framework

SSIBL is comprised of an overarching context, RRI, and three interconnected pil-
lars: CE, SSI, IBSE underpinned by an engaged pedagogy (Fig. 22.1). I discuss 
each of these, in turn, below.

Table 22.1 Constituents of SSIBL activities

Activity/Aspect Interest for students Outcome Science knowledge

Animal house Animal welfare and 
fuel costs

Model selected for a more 
fuel efficient animal house

Transfer of energy
Homeostasis

Sugary drink 
dispenser

Health aspects of 
high-sugar drinks

Alternative means of 
raising money through 
healthier drinks; increased 
political participation

Diabetes; effects of 
sugar on body

Assisted 
Reproduction

Interest in new 
reproduction 
technologies

New teaching resource Reproduction; ivf

R. Levinson and The PARRISE Consortium



485

22.4.1  RRI

Technological developments, inspired by research and innovation, both have an 
impact on, and are influenced by, social values and social change. Owen et al. (2009) 
identify three underpinning features of RRI:

 (i). Science for Society (SfS),
 (ii). Science with Society (SwS), and
 (iii). coupling of research and innovation with responsibility (R&R).

Science for society focuses on public values, i.e. normative motivations; science 
with society on dialogue and deliberation, i.e., substantive motivations; and, cou-
pling of research and innovation with responsibility as a recognition of practices of 
science, uncertainties and risks associated with development of any technology and 
how these might be anticipated and managed (Ravetz, 2005).

Science with society is participative. This acknowledges that those affected by the 
technology, as well as scientists, can influence decisions both at the upstream stage 
(that is, when the scientific ideas are initiated and possible consequences anticipated) 
as well as downstream at the point of production, application and distribution. 
Participation and dialogue in research assume knowledge and understanding of the 
underlying science, as well as critical appreciation of processes of the research both 
in its scientific and social components. Participative R&D is, therefore, a multi-agency 
approach to research and innovation because knowledge is differentiated and distrib-
uted in form (i.e., from academic knowledge, including different disciplines, profes-
sional knowledge, knowledge-for-living) (Layton et  al., 1993). These foreshadow 
interactions between formal (curricular) and informal (non-curricular) knowledges.

In discussing values, people are identifying not only norms by which societies 
cohere but also those that are desirable. These can reflect a conflict between market- 
driven economies and needs for ethical relationships between people within a sustain-
able society. For example, drives for economic growth can potentially stimulate 
development of alternative technologies that support sustainability and zero carbon 
outputs. However, it can also endanger desirable outcomes because economic growth 
drives increasing levels of consumption; hence, the need for critical approaches that 
identify, problematise and raise questions about underpinning values. SfS is the process 
where science takes into consideration ‘the values, needs and expectations of society.’ 
(ec.europa.eu/programmes/horizon2020/sites/horizon2020/files/FactSheet_Science_
with_and_for_Society.pdf).

Underpinning a curriculum and pedagogy that aims at enhancing human capaci-
ties within socio-cultural realities in which people live, Roger Simon (1992) derives 
three principles: securing diversity, compassionate justice, renewal of life (Fig. 22.4).

Securing diversity assumes differences between people (and non-human species) 
from classrooms to the whole planet entailing an ethic of respect. This implies open-
ing participation in classrooms to young people who are often prevented from fully- 
engaging, and understanding that needs, interests and voices of people and 
communities across the world are mediated by power relations and have unequal 
status. Recognising diversity means inclusivity in terms of impacts science and 
technology have on a whole range of stakeholders, including those who cannot 
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claim a stake for themselves but who are affected by impacts of the technology. It is 
an opportunity for disadvantaged groups to gain and use relevant knowledge.

Disadvantage and marginalization can be problematic to recognize and address, 
particularly where school systems are not adapted to such needs, and where there 
are deep-rooted social, cultural and economic factors. These can take different 
forms and kinds of solutions. Where there is purposeful liaison with a particular 
community; e.g., the Roma communities in different parts of Europe, and recogni-
tion of legitimate identities, there can be clear gains in ways in which students meet 
their legitimate aspirations (Nistor et al., 2014). Where schools can seem threaten-
ing and oppressive to some groups, arrangements can be made to carry out inquiries 
in other arenas outside of them (Ellsworth, 1989).

While recognising diversity implies openness (willingness to listen to others, 
respect what others have to say, and change one’s mind if convinced by better rea-
sons), it does not imply agreement. What drives dialogue is difference and contro-
versy (Hess, 2009).

Compassionate justice, minimisation of suffering, is a driving factor within 
RRI. Science for society, means that fruits of technology are distributed fairly, and that 
we have a mutual obligation to fellow inhabitants of the planet and a sensitivity to 
power relations which often distort those obligations. Renewal of life can be expressed 
as recognising “the interdependence of human life within a living planet as a source 
of both constraint and indeterminacy of human plans” (Simon, 1992, p. 27). Taking 
sustainability seriously entails respect for responsibilities we have towards each other.

22.4.2  Citizenship Education (CE)

CE can be seen as a continuum from knowing what is entailed by citizenship to hav-
ing a more active concern for seeking justice. The term critical CE can also be 
interpreted in different ways from one which focuses on critical thinking to an 

Socio-scientific Inquiry drawing on
scientific knowledge

Securing diversity, compassionate 
justice and renewal of life

Inform

SfS and SwS

promote

Fig. 22.4 Relationships 
between RRI and 
socio-scientific inquiry
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emphasis on praxis; i.e., reflection and action as well as constructive dissent 
(Levinson, 2010). A useful framework, in the light of activities discussed, to repre-
sent the dimensions of critical CE is adapted from Johnson and Morris (2010) (see 
Table 22.2).

The horizontal row: politics, social, self and praxis, represent the component ele-
ments of critical citizenship education while the vertical column represents the nec-
essary attributes. Each cell describes how each attribute exemplifies each element 
with the brackets indicating how they might be manifested in the context of SSIBL 
within the classroom.

Deliberative dialogue is at the heart of the democratic process that incorporates 
the substantive meaning of dialogue as communication between participants but 
also the appropriate dispositions, such as listening, equality, respect and openness 
(Rice & Burbules, 1992) that presuppose constructive dialogue. In addition, this 
dialogue incorporates criticality, an ability to identify and respond to logical incon-
sistencies and unsupported assertions. Reasonable people hold their views open to 
criticism and are prepared to justify them or revise their views in the light of more 
compelling arguments. Deliberation goes beyond dialogue in that, in the democratic 
context, it involves free and equal citizens giving reasons to settle socially urgent 
questions (Simonneaux, 2014) on which they have divergent views (Enslin & White, 
2003). In the context of schools, deliberative dialogue has much in common with 
Neil Mercer and Karen Littleton’s (2007) construct of group exploratory talk, in 
which students share relevant information about a problem, listen actively, and 
where everyone contributes, helping to build up on ideas to reach agreement. This 
drive towards consensus is one of the historic features of democratic deliberation 
(Habermas, 1984). While these features need to be aspired to in the democratic 
classroom, this is not always the case because dialogue is always mediated by 
power, which can be through positions of status (teacher and student), differential 
access to knowledge (scientist and layperson) and inequalities in social and cultural 
capital (Gamarnikow & Green, 2000). Effectively, this means that what might be 
seen as a normative view by most students in a classroom might be seen very differ-
ently by one or two others who might feel disinclined to make their views known, 
again a case of inclusivity. For example, a teacher and the class might start off from 
the proposition that global warming is an important issue to address while a small 
few may feel differently, perhaps because they feel far more pressing concerns or 
that people close to them have very different views from the rest of the group.

Democratic deliberation needs to be fostered in the classroom and cannot be 
assumed. It also presupposes an environment where students trust each other as well 
as the teacher and where questioning habits have been encouraged. The SSIBL pro-
cess itself can encourage such an environment but encouraging constructive  dialogue 
in the classroom might need to be built up and nurtured over a period of time. How 
conditions for constructing democratic deliberation in the classroom are facilitated 
depends on the teaching and learning context. In an environment where teachers and 
students are used to arguing and discussing in an open and respectful manner, attain-
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Table 22.2 Dimensions of critical citizenship education which incorporates principles of 
compassionate justice, securing diversity and renewal of life

Politics 
(ideology) Social (collective)

Self 
(subjectivity)

Praxis 
(engagement)

Knowledge Knowledge and 
understanding 
of political 
systems and 
power 
structures. 
(understands 
where authority 
lies, e.g. that 
school student 
council, 
governing body 
and Principal, 
will need to be 
influenced to 
effect change)

Knowledge of 
interconnections 
between culture, 
power and 
transformations; 
knowledge of 
non-dominant as 
well as dominant 
discourses. 
(appreciates that 
there are a variety 
of opinions and to 
look out for 
marginal voices, 
e.g. ‘silent’ third 
world egg donors)

Sense of 
identity 
(understands 
how they are 
positioned in 
relation to a 
particular issue, 
e.g. right to buy 
fertility 
treatment)

Knowledge of how 
to collectively 
effect change for 
social justice. 
(knows how to 
garner support to 
effect change, e.g. 
campaigning 
against, sugary 
drink dispenser)

Skills Critical 
political 
analysis. 
(Understands 
relationships 
between power, 
culture and 
knowledge; 
hence ideas of 
status of 
knowledge – 
the relationship 
between expert, 
anecdotal and 
communal 
knowledge)

Capacity to engage 
in dialogue and 
deliberation. (e.g. 
take part 
constructively in 
classroom 
discussions, both 
face to face and 
online)

Reflect on own 
status in 
society. (can 
place 
themselves in 
others’ shoes 
while aware of 
their own 
position)

Imagining a better 
world; active 
participation in 
acting collectively 
to change status 
quo. (Articulates a 
vision of a better 
world and how to 
implement that 
aspiration 
practically)

Values Commitment to 
values 
opposing 
injustice and 
oppression. 
(Advances an 
understanding 
of causes of 
injustice and 
how it relates 
to their own 
value system)

Inclusive dialogical 
relationship with 
others; ability to 
reflect others’ 
values and 
commitments. (Can 
articulate 
viewpoints of 
others even where 
there is 
disagreement)

Consideration 
of self-worth. 
(Expresses why 
they have a 
particular 
perspective and 
its meaning to 
them)

Informed 
responsible, 
reflective ethical 
action. (Action 
taken is thoughtful 
and reflects 
underpinning 
values)

(continued)
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ing SSIBL will be relatively unproblematic. However, in more authoritarian learn-
ing environments many adjustments will need to be made, hence the structural and 
political positioning of schools within a broader social domain. A more gradual 
approach is necessary where students could be taught procedures for group talk then 
go on to develop their own procedures.

Critical citizenship education also incorporates a knowledge of political and 
moral concepts such as rights and equality. These are not necessarily mutually sup-
portive concepts: ensuring equality might mean restricting rights. While rights — 
with responsibility  — and equality are desirable, they can only be discussed in 
relation to their limitations. For example, if parents have the right to pay to choose 
the sex of their baby, this will have implications for equality, ethical values and 
natural justice. Interdisciplinary arrangements in school may be needed to foster 
these components, for example, planning for SSIBL with science, history and citi-
zenship teachers collaborating.

22.4.3  Socio-scientific Issues (SSI)

Socio-scientific issues comprise conflicting opinions about a course, or courses, of 
action that have a scientific content and impact upon communities or society. They 
are controversial when good reasons can be given for conflicting opinions and/or 
courses of action (Dearden, 1981). There can be different levels of controversy. At 
one level, a controversy might be solved upon the production of relevant evidence, 
e.g. differences about the best material for lagging an animal house can be tested 
based on experiments to measure temperature difference. On the other hand, there 
may be core differences of values which are less easily settled, such as whether it is 

Table 22.2 (continued)

Politics 
(ideology) Social (collective)

Self 
(subjectivity)

Praxis 
(engagement)

Dispositions Actively 
questioning 
social injustice 
and oppression. 
(Raises critical 
questions about 
acts of injustice 
which can then 
generate 
questions for 
enquiry)

Responsible 
towards self and 
others. (keeps 
social responsibility 
foremost in 
thinking)

Autonomous 
and critical 
(Can listen to 
others’ 
perspectives but 
maintains their 
own view, 
albeit 
self-critically)

Commitment and 
motivation to 
change society 
responsibly. 
(Communicates 
reasons for actions 
to others)

Adapted from Johnson and Morris (2010)
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right or wrong to abort a foetus under certain conditions (Levinson, 2006). Where 
there is controversy, particularly as they impinge on core values, strong emotions 
may be aroused. It is important that such matters are dealt with sensitively, that 
participants are listened to with critical respect, and encouraged to be open and hon-
est (Hodson, 2014). This is not an easy situation to achieve and will depend on the 
culture and the nature of collaboration within the group. One of the skills underpin-
ning teaching SSIs and also SSIBL is to help create an atmosphere of mutual respect 
in the classroom, attempting to understand what is in the mind of the ‘other’.

Learner competencies in SSIs include employing ‘scientific ideas and processes, 
understandings about science and social knowledge (e.g. ideas about economic and 
ethical influences) to issues and problems that affect their lives’ (Sadler, 2009, 
p. 13). Goals for student participation in SSIs vary. Some see the main goal as being 
legitimate participants in social dialogues that are science-related (Sadler, 2009) 
while others maintain that socio-political action is a more urgent outcome (Bencze 
& Alsop, 2014). Socio-political action implies asking questions about ‘how research 
priorities in science are determined’ (Hodson, 2014, p. 68), whose interests are con-
sidered in formulating policy, and how action can influence policy decisions. It also 
implies commitment to reflective change, while Wolff-Michael Roth and Angela 
Calabrese Barton (2004) propose that such action is necessarily collective (see 
Table 22.1). In SSIBL, we encompass goals emphasizing participation and socio- 
political action, indeed the second presupposes the former. While RRI presupposes 
participative dialogue, inquiry into SSIs is non-trivial, i.e. it involves students as 
critical citizens who learn how to enact goals which reflect aspects of social justice. 
(By non-trivial we draw a distinction between activities which involve simulation, 
i.e. writing a letter to a political leader as an exercise where the letter will never be 
sent, as compared with actions which are enacted, and realised, through the process 
of social and political participation. However, an action might involve deciding not 
to change if, for example, such a change risks too much harm.)

SSIs, and hence SSIBL, present particular challenges for organising learning and 
assessment, precisely because they are transdisciplinary and context-dependent. 
Approaching an issue depends to a large extent on our personal history, our social 
situation, our intentions, needs and wants, and our knowledge and experience of the 
issue. Stein-Dankert Kolstø (2001) offers a framework for examining the science 
dimensions of SSIs which have potential for contributing towards an assessment 
framework. These are:

 (i). Science-in-the-making and the role of consensus — how is scientific knowl-
edge made and how do its claims come to be validated?

 (ii). Science as one of several social domains that contribute towards decision- 
making. This is central to SSIBL because there are a number of issues which 
are ostensibly based on science but where science knowledge may not be the 
main factor in decision-making, see for example Chris Dawson (2000). In 
these formal school science might be redundant (Ryder, 2001) and expert 
knowledge might itself be contested (Layton et al., 1993).
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 (iii). Distinguishing between descriptive and normative statements.
 (iv). Demands for underpinning evidence. In some cases evidence may be unam-

biguous but in complex SSIs this is rarely the case. It also involves matters of 
trust about whose evidence is more convincing, and how that evidence was 
amassed.

 (v). Scientific models as context-bound which raises questions as to how scien-
tific models are applied to complex situations involving a range of social and 
political factors.

 (vi). Values; the way in which values influence our thinking and responses to an 
SSI.

 (vii). The relationship between scientific evidence, i.e. that which comes from 
experts and anecdotal evidence, which comes from a range of lay sources.

 (viii). Suspension of belief, being sceptical about the relationship between evi-
dence and the conclusions which can be drawn.

 (ix). A critical attitude, learning to ask the questions which are able to scrutinise 
knowledge claims.

All these dimensions have relevance in SSIBLs and values and critical attitudes 
apply to transdisciplinary inquiries generally. While these dimensions are unlikely 
to feature simultaneously in SSIBL they are, nonetheless, helpful as pedagogical 
resources to support decision-making and argumentation.

Rosemary Hipkins et al. (2014) use the term ‘wicked problems,’ which illustrate 
well the kinds of controversies to which SSIBL aspires. These are serious social 
challenges that span multiple domains (social, economic, moral, aesthetic, political) 
and link closely with other problems. There are no clear solutions and different 
groups of people believe they have answers which often contradict one another. 
‘Wicked problems’ do not have finite or unambiguous answers but in dealing with 
them, other interesting questions emerge.

22.4.4  Inquiry Based Science Education (IBSE)

At the core of the SSIBL framework is inquiry-based learning. Inquiry in the U.S. 
was promulgated by the philosopher and educationalist, John Dewey (1916). Dewey 
saw its democratic potential as a means for citizens to participate through solving 
problems of mutual concern and developing habits of mind of curiosity and com-
munality. IBSE has been influential in science education policy, both through the 
National Research Council (2000) and the EU (Rocard, 2007) who conceive of sci-
ence practice as question-driven and open-ended. The fundamental features of 
inquiry based learning are consistent with the proposed SSIBL framework: pur-
poseful research-driven learning through collaboration, critical examination of evi-
dence and experience. The main distinguishing point of SSIBL is that it involves an 
authentic open-ended question or hypothesis formulated by students, teachers or 
other interested parties, and taking action. Since student interest, research, 
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questioning and the collection and interpretation of evidence underpin inquiry, they 
are components of the role of inquiry-based science learning in the SSIBL frame-
work (Fig.  22.5). However, there are no specific design stages to inquiry-based 
learning in SSIBL. Student interest is not always spontaneous and, in most cases, 
will involve teacher preparation and competence in nurturing student interest. 
Inquiry in the context of SSIBL has features that are quite distinct from those nor-
mally attributed to inquiry based learning in science education.

22.4.5  Scaffolding Inquiry Teaching and Learning

Since our characterisation of inquiry is seeking knowledge through evidence to 
answer authentic questions, inquiries need to be based on student interests. Through 
the introduction of inquiry-based learning, students should feel empowered to direct 
their own learning through collaboration within a community of learners. Students 
might find it difficult to generate researchable questions if inquiry-based learning is 
new to them. One strategy for reaching the stage of genuinely open inquiry is first 
through a structured approach, then through guidance with teacher support and then 
open inquiry, similar to a STEPWISE apprenticeship approach, although teacher 

Fig. 22.5 SSIBL framework. Interconnections of the main pillars in SSIBL with RRI as the over-
arching context
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judgment here is crucial. Too great a dependence on structured inquiry could impede 
moves to open inquiry.

Scaffolding is the process whereby learners are given appropriate support to help 
them learn something which they could not achieve on their own. It is a central pivot 
to social constructivist learning because it presupposes support can be given at a 
stage when the student is ready for it and can then be phased out when the learner 
has acquired the required competence. The precise nature of the support depends on 
a range of factors, what needs to be learned, the knowledge and skills the learner 
already has, the experience they have of the context of learning, the complexity of 
the concepts and skills to be learned, the knowledge and skills of the facilitator.

Time is also a factor. Short term inquiries would have outcomes that could be 
completed in one or two lessons or sessions and carried out mainly within school. 
Long term SSIBLs would go beyond this time and often include external agencies. 
Examples of short term SSIBLs are;

• Situating a feeder for nesting birds;
• Designing a poster to reduce school energy consumption;
• Organising a system for building the school compost heap;
• Bringing in plants for a community garden;
• Producing a leaflet to show how to estimate maximum salt intakes.

Such short term projects can meet the framework for SSIBLs. As well as different 
time spans for SSIBL these can also be structured from inquiries which are mainly 
closed and directed mainly by the teacher to those which are more open. Structured 
inquiries will help make explicit to students the knowledge and procedures neces-
sary to carry out an inquiry.

22.4.6  Authenticity

Questions generated through inquiry are deemed to be ‘authentic’. However, 
‘authentic’ risks being a catch-all term with multiple, sometimes contradictory, 
meanings. In the context of SSIBL, authentic questions can be the kinds of ques-
tions that scientists raise, although the discourse between scientists in a research 
project, often influenced by political, cultural and economic factors, will be very 
different from that of school science (Quigley, 2014). In NRC terms, authentic prac-
tice is linked to student ownership of the learning process, although that raises dif-
ficulties when students encounter learning experiences that are genuinely challenging 
and need guidance. The Galileo Educational Network (Galileo.org) conceives of 
authenticity as focusing on problems and issues relevant to students in the ‘real 
world’.

For Anne Hume and Richard Coll (2010), authentic problems are those that are 
ill-defined, have no obvious solution, where data has not been collected and there 
are no established goals and methods, a condition which is unlikely to be attained in 
the vast majority of school-based inquiries in science. Rather than attempt an 
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 overarching definition for authentic practice in SSIBL, it would be more helpful to 
identify its main components:

 (i). Proceeds from questions that interest and engage students and through which 
they express a wish, and choose, to find answers;

 (ii). A mutually-agreed purpose of all participants (i.e. a social authenticity);
 (iii). What is relevant and has value and meaning (i.e. personal authenticity); and,
 (iv). Where scientific ideas are a resource and can be activated to help find a solu-

tion to the problem.

There are, therefore, implications. A mutually-agreed purpose may go beyond the 
bounds of the school walls for participants, particularly where in finding the answers 
to questions, students might work with scientists, or other people with expertise. 
SSIBL might involve interaction either in informal education contexts and/or work-
ing with agencies outside the school. An example of this is a collaboration between 
scientists and students in a school in London with a high proportion of students of 
Bangladeshi origin. The collaboration stems from an inquiry into the pattern of 
diabetes in the family histories of the Bangladeshi community in east London. 
Students at the school, using their background socio-cultural knowledge, work with 
university scientists, health practitioners and the local political authority in devising 
a questionnaire. In the university laboratories under the guidance of scientists, stu-
dents learn sophisticated analytical techniques on DNA found in affected families.

To ascertain what is relevant and has meaning is made real through participation 
and democratic dialogue where participants become agents of change transforming 
a reality that can be improved. Finally, activating scientific ideas as a resource might 
not be straightforward. It might involve distributed knowledge where different par-
ties can contribute through their own experiences and expertise (Roth & Lee, 2002). 
But it also encompasses questions of scientific uncertainty. Consider, for example, 
a project that involves testing the pH of potentially polluted waters in a stream. Most 
school students when they encounter pH measurements use a pH meter or pH papers 
in ideal conditions. However, measuring the pH of a stream means taking flow, tur-
bidity and temperature into account, thinking about sampling techniques, and being 
able to assess error. When students begin to work in non-ideal situations the limita-
tions and uncertainties of scientific practice become clearer.

22.5  Developing the Framework for SSIBL

Based on the account above in elaborating the principal features of SSIBL, Fig. 22.5 
models the possibilities for SSIBL incorporating the components from Fig. 22.1 and 
listed in the previous sections.

There is no set format for the order in which the pillars of an inquiry might be 
arranged. Inquiries might start with a question, followed by planning, perhaps 
reframing the question after planning, data collection and interpretation, and subse-
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quently communication and taking action based on findings. These stages are likely 
to be iterated at various points, however. Alternatively, students might be exploring 
data, and research questions might emerge from the data. Data might involve carry-
ing out surveys or using ethnographic methods.

Figure 22.5 is a framework to be aspired to. It is recognized that teachers will go 
through different routes in building up to SSIBL.

A ubiquitous question, particularly from younger students, is ‘What are we doing 
this for?’ For some activities, such as early-stage reading, the answer is long-term, 
complex and a straightforward answer might demean the purpose. But in the case of 
SSIBL, it is quite a legitimate question, and the socio-scientific purpose needs to be 
clear if the process is to have meaning.

Actions are linked to authentic practices, the aim is to change affairs from being 
unsatisfactory to more desirable ones. For example, there is a difference between 
students discussing the most efficient ways to conserve fuel use, or answering a set 
question on this topic, and those who design and build the school animal house 
based on an inquiry into the best way to cut down electricity bills. This action com-
ponent is, arguably, a distinctive feature of SSIBL, and models that of 
STEPWISE. Hence authentic action components are oriented in the students’ edu-
cational and social settings, and they play a role in transforming the materiality of 
students’ lives, in however small a way.

Ideas or questions or hypotheses for SSIBL should aspire towards the following 
attributes:

 (i). Openness (i.e. no pre-set answer)
 (ii). Authenticity
 (iii). Comprise different and conflicting perspectives (i.e. controversy)
 (iv). Links between personal and social relevance.
 (v). Participatory (i.e. all students should be able to take part and co-operate in 

addressing the question)
 (vi). It should be researchable (i.e. either primary or secondary data can be gath-

ered and interpreted to answer the question)
 (vii). Focus (i.e. it should be narrow enough so the relevant data is containable)
 (viii). Feasibility (i.e. it should be possible within time and curriculum constraints 

to answer the question)
 (ix). Epistemologically appropriate (i.e. it should draw on science knowledge 

which students have or can be taught, and/or support the building of relevant 
knowledge).

When studying a topic, students can have a space in which to formulate their own 
questions. There are a variety of ways in which this can be opened up. Students 
could brainstorm where they suggest various ‘raw’ questions, there is a follow up 
time to choose questions which students prioritise, followed by group work in which 
they frame the questions with the properties above (Table 22.3).
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Table 22.3 Examples of SSIBL questions

Question Level
Scientific 
knowledge Other knowledge Personal to social

Sun-tanning 
parlours should 
be banned for 
young people 
under the age of 
18

Upper 
secondary

Radiation Risk and 
uncertainty;

Relevant for young 
people in colder 
climates but raises 
broader questions 
about freedom of 
choice, global 
warming and damage 
to the ozone layer.

Structure of the 
skin

Human Rights

Selection against 
certain disabling 
genetic 
conditions is the 
thin edge of the 
wedge for 
wholesale 
genetic selection.

Upper 
secondary

Genetics; Social justice; Personal questions 
about attitudes to 
disability but broader 
questions about 
access to fertility 
treatment.

Ivf techniques Rights;
Culture

Is it possible to 
avoid resistance 
to antibiotics?

Upper 
secondary

Bacteria Risk; How do different 
legislation scenarios 
across the world 
influence individual 
decision-making 
about the rational use 
of antibiotics?

Antibiotics Legislation;
Infectious 
diseases

Personal and 
social 
decision-makingEvolution

Selection 
pressure

Does recycling 
paper do more 
harm than good?

Lower 
secondary

Manufacture of 
paper;

Process of paper 
production and 
recycling;

Personal attitudes to 
waste as against 
economic interests of 
those who pulp wood 
and produce paper.

Cost-benefit 
analysis;

Chemical 
structure of 
paper;

Local recycling 
legislation;

Solvent 
chemistry

Interest groups

What’s the best 
way to feed 
small birds?

Primary Bird nutrition; Conservation Local aesthetic 
pleasures of birdlife 
in the context of 
broader species 
competition and 
interaction.

Food webs;
Sampling; 
techniques

How can we 
reduce car 
pollution outside 
our school?

Primary and 
Lower

Fuel 
combustion;

Use of secondary 
data;

Local concerns about 
pollution related to 
global use of fossil 
fuels and alternatives

Secondary Sampling; Pros and cons of 
car useMeasuring 

particulates
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22.6  Assessment

Assessment of students in SSIBL depends on the purpose of the assessment and the 
nature of the assessment — whether it is diagnostic, formative or summative.

Laurence Simonneaux (2014) identifies four didactic strategies, slightly adapted, 
that can also reflect assessment purposes. These are:

• A doctrinal strategy that aims at the acceptance of authoritative scientific 
concepts.

• A problematising strategy that focuses on students’ reasoning through SSIBL.
• A critical strategy that aims to develop capabilities in scrutinizing claims, to be 

questioning of expertise and to appreciate the uncertain nature of science and its 
applications and that the development and production of technology carries risks.

• A pragmatic strategy to engage students and to promote student action.

The framework of SSIBL assessment is adapted from Table 22.2 and incorporates:

• Knowledge about an issue (both scientific and transdisciplinary).
• Skills in organizing and operationalising a socio-scientific based inquiry.
• Values that reflect issues of social justice and wellbeing.
• Dispositions that include recognition of inclusivity and democratic deliberation.

Table 22.4 is a grid that can be adapted depending on the context of SSIBL 
(Fig. 22.6).

22.7  Considerations in Relation to STEPWISE

In conclusion, I want to emphasise three distinctive aspects of SSIBL.

 1. Inquiry in SSIBL is not formulaic and might be quite different from inductive- 
based inquiry. It involves asking authentic questions where the solutions are 
diverse, politically-constituted and complex, and involves drawing on domains 
of knowledge beyond science. In that sense, they have much in common with the 
Socially Acute Questions approach (Simonneaux, 2014).

 2. Inquiries should stem from students’ own interests and motivations. This might 
not always be possible and is an aspiration. An important aspect of skilful peda-
gogy in SSIBL is helping to stimulate questions that promote a genuine sense of 
inquiry in students.

 3. Actions of SSIBL are non-trivial. They involve informed actions which make a 
difference to individual and social wellbeing.

 4. Actions are collaborative and enmeshed within a web of interested human and 
non-human relationships. Their realisation is therefore uncertain and the pro-
cesses of achievement of aspirations based on social justice are risky. That leads 
to the production of knowledge-in-action, reflecting and acting on the inter- 
relationships between knowing the world and the vagaries of action, rather like 
disturbing a network of human and non-human actants (Hoeg & Bencze, 2014).
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The last point does raise the question of what is meant by action. Just as the social 
applications of technoscience carry accompanying hazards, risk and uncertainties 
(Ravetz, 2005), so the intentions of actions are carried out in a sea of uncertainties. 
An example is an incident based on the AR activity described above where a discus-
sion among students resulted in homophobic sentiments being expressed, which 
were then challenged. For any action in the social world to succeed, it must rely on 
collaboration and an element of reliance on others (Arendt, 1998). Participation and 
trust are crucial in a diverse and plural society where values might vary enormously. 
So, the achievement of a particular outcome is only a partial measure of success; the 
importance of negotiation and participation based on shared knowledge, and the 
understanding of what is possible in sometimes unpromising circumstances, is a 
core part of the learning process.

Knowledge

Skills

Values

Dispositions

Received Applied Reconstructed and
contextualised 

Structured/dependent Guided Independent

Implicit Emergent Explicit and justified

Organised for explicit practice Self-
organised

Autonomous,
communal

Fig. 22.6 Summarises assessment for progression through the four dimensions of knowledge, 
skills, values and dispositions
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Chapter 23
“Preach or Teach?”: An Ongoing Journey 
to Becoming STEPWISE

Mellita Jones

23.1  Introduction

Our world contains grave evils, which can be remedied if men [sic] wish to remedy them. 
Those who are aware of these evils fight against them are likely, it is true, to have less 
everyday happiness than those who acquiesce in the status quo. But in place of everyday 
happiness they will have something which I, for my part, value more highly, both for myself 
and for my children. They will have the sense of doing what lies in their power to make the 
world less painful…They will have the knowledge that they are amongst those who prevent 
the human race from sinking into stagnation or despair. This is something better than sloth-
ful contentment. (Russell, 1932/2009, pp. 67–68)

This chapter outlines my ongoing journey as a science teacher educator towards 
a more activist approach to science teacher education. Science teacher education 
curriculum is typically framed within the same neoliberal influences that govern-
ments prescribe in school science curriculum documentation. The science teacher 
educator is thus expected to prepare emerging generations of science teachers to 
know and be able to teach this prescribed curriculum. Subsequently, the status quo 
citizenship demanded by a neoliberal, industrial society and supported by school 
systems is maintained. Perpetuating the status quo like this can be useful and even 
necessary in order to establish and maintain a well-functioning society where a 
productive life can be enjoyed. However, the neoliberal climate that is currently 
evident in societies of the “developed” (or global North/minority) world advantages 
the privileged few at the expense of the less privileged many, creating an unjust 
world of increasing inequity. This inequity has led to some (e.g., Ayers, Quinn, & 
Stovall, 2009; Clover, 2002; Hodson, 2010) to call for an activist approach to educa-
tion in order to create a ‘better’ world, one in which the wellbeing of individuals, 
societies, animals and the broader environment, is promoted.
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Calls for education to inspire a better world are not recent. Some 70 years ago, 
social theorist and educational philosopher, Bertrand Russell (1932/2009) was call-
ing for education to address social inequity to secure a better future for all. In spite 
of this, a truly democratic education is yet to emerge as a prevailing global para-
digm. In science education there are a few dedicated voices (e.g., Aikenhead, 2006; 
Bencze & Alsop, 2009; Hodson, 2003, 2010; Roth & Désautels, 2002) calling for 
science to critically examine relationships between science and society to enhance 
the wellbeing of all peoples and the world in which we live. Their messages reflect 
the ideas of Russell, showing how his work is still of relevance today. Accordingly, 
Russell’s work has been heavily drawn on in the shaping of this paper.

One framework that appears to embed principles outlined by Russell (1932/2009) 
is that of Science and Technology Education Promoting the Wellbeing of Individuals, 
Societies and Environments [STEPWISE] (Bencze & Alsop, 2009). STEPWISE 
aspires to contribute to a transformational education for a better world by challeng-
ing the nature of science education and working towards wellbeing for all. 
STEPWISE encourages teachers to move beyond traditional approaches to teaching 
science that focus on conceptual and procedural knowledge, which ultimately rein-
force neoliberal agendas. Instead, STEPWISE links these traditional forms of 
knowledge in a framework that centers on action and makes explicit associations 
among scientific ideas and their important social and political implications.

The activist education approach central to STEPWISE aspires to challenge the 
status quo of science education so that citizenship becomes one of active concern 
for societal wellbeing and, thus, reflect the type of citizen that Russell (1932/2009) 
describes in the opening quote of this chapter—one who fights to make the world 
less painful. This contrasts with the construction of citizenship in neoliberal societ-
ies, where the privileged excel at the expense of both others and nature. Fostering a 
more equitable, global citizenship and sustainable future presents a challenge for 
science teacher educators. First, they must recognise and, second, adopt a curricu-
lum that inspires socio-scientific activism in both citizenship and teaching. In this 
paper, socio-scientific education for activism refers to the sorts of world issues that 
Derek Hodson (2010) terms as “civic scientific literacy” which “comprises the 
knowledge, skills, attitudes and values necessary for making decisions on matters 
such as energy policy, use of natural resources, environmental protection, and 
moral-ethical issues raised by technological innovations” (p. 197). Adopting a cur-
riculum that is focused on such societal and ecological wellbeing may, in turn, 
encourage pre-service teachers to adopt similar practices once they enter the profes-
sion as well as in their personal lives.

One tension that can arise from this is that teaching for activism could be viewed 
as preaching about activism and, thus, a framework that inspires socio-scientific 
activism must be carefully constructed and applied. One theory that could inform 
such a framework is Pierre Bourdieu’s (1984) notion of social and cultural capital, 
and his conception of socialised norms or ‘habitus.’ His general framework is rele-
vant to education because of ways in which educational institutions create particular 
social spaces in which social and cultural relations exist individually and institution-
ally. Such a space, or ‘field’ (Bourdieu, 1984), involves establishment of class 
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groups “of which some assume dominant positions and others find themselves sub-
ordinate” (Fenge, 2011, p. 378)—reflective indeed of the neoliberal scene.

A particular field has its characteristic features, structures and conventions that 
guide thinking and behavior—both consciously and sub-consciously. Simon During 
(2007) provides a useful example to explain the effect of the field on its members: 
“[I]f you are a writer you can’t write anything you like, you find yourself positioned 
in a field which structures your possibilities” (p.  88). A similar set of invisible 
boundaries is established through the traditional rules and processes characterising 
science education. These boundaries act to form the habitus of thinking and behav-
iour of which we are often unaware so much are they embedded in ‘normality’ of 
daily life. Normality formed by the habitus of the field in this way provides legiti-
macy to its products and outcomes, including the inequities and injustices in the 
world.

Fenge (2011), reporting on Weick (1995), tells us that habitus is “grounded in 
both individual and social activity” (p. 379). In science, and in science education, 
the field’s structures and conventions involve laws and theories that govern different 
disciplines of science, which tend to maintain traditional foci on what Bencze and 
Alsop (2009) refer to as ‘products education’ within fields of science learning—that 
is, a focus that supports products associated with ongoing industrialization and con-
sumption in society. Dispositions and behaviours emerging from fields of science 
education—i.e. the habitus—invoke science processes of inquiry and investigation 
(skills education) that involve ‘fair tests’ and evidence-based theorising.

These forms of knowledge and practice drive the nature of science education and 
influence ways in which science is used in society. Habitus is linked to reproduction 
and change in society (Rawolle & Lingard, 2013). It also sets particular curriculum 
and pedagogical dispositions that Rawolle and Lingard (2013) recount, leading to 
reproduction of “class structure, class codes and class relations through schooling” 
(p. 121). The western view of science creates a habitus that attempts to be objective 
and value free. Thus, habitus helps to explain how science education as an institu-
tion leads to the reinforcement of the neoliberal state that dominates western culture 
in the global north minority (developed) world and increasingly, in the global South 
majority (developing) world.

Fortunately, habitus is not a fixed, permanent state. Navarro (2006) suggests that 
it can be altered through encountering different contexts and environments that cre-
ate tensions and, upon reflection, challenge ways in which we think and act. Such 
reflection can assist in recognising what may have previously been invisible due to 
the manner in which the field can normalise certain ways of thinking and behaving. 
Indeed, Bourdieu (1984) reports that habitus is formed from both past experiences 
as well as current events that can alter our perceptions. Education is one particular 
institution that can re-shape habitus by challenging the status quo and building in 
experiences of critical reflection to help ensure there is not an unconscious accep-
tance of the social/cultural field and, subsequently, a legitimization of social, cul-
tural and ecological inequity.

23 “Preach or Teach?”: An Ongoing Journey to Becoming STEPWISE
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23.2  Purposes of Education

Education is an institutional concept. It has evolved from its early purposes to induct 
the rich into educated and privileged society to that of ‘training’ individuals to work 
and operate in the type of citizenship seen as desirable by the State (Russell, 
1932/2009). Bourdieu referred to education as “a sorting institution that functioned 
to divide groups primarily through the valuing of cultural capital” (Rawolle & 
Lingard, 2013, p. 120). Today, still, education is viewed as a major vehicle through 
which one achieves social mobility: success, affluence, and (supposedly) wellbeing 
(Kalantzis & Cope, 2008). Education is also seen as key to growing a ‘knowledge 
economy’ and, perhaps in conflict with this notion, also a precursor to resolving 
significant inequities in the world.

Different stakeholders can view purposes of schooling differently. In current 
neoliberal contexts, governments tend to view education as a process for developing 
emerging knowledge economies of the world and, thus, become/remain competitive 
in a global economy. To this end, despite rhetoric claiming its power to resolve 
inequities in the world, education for neoliberalism is one in which the prevailing 
habitus values individual power and wealth above equity and access to resources for 
everyone and maintenance of functioning ecosystems. This neoliberal view of edu-
cation creates an individualistic sense of purpose—that of preparing individuals for 
productive, working lives, through which they contribute to building of the econ-
omy (and by unexamined implication, the society) of their respective countries. 
However, as Kalantzis and Cope (2008) attest, education is central in this shaping of 
“certain types of citizens” (p.  71). With such centrality, careful consideration is 
needed to determine what content, skills, values and attitudes should be included in 
education programmes, and whether present foci on individualistic approaches are, 
in fact, suitable for emergent global citizenship required for wellbeing in the twenty- 
first century and beyond.

It has been argued that education focused on producing ‘good individuals’ should 
naturally foster a society of ‘good citizens’ (Russell, 1932/2009). The notion of a 
‘good citizen’ can, however, mean very different things to different people. For 
example, some view ‘good citizens’ as those who do achieve individual success 
(usually measured in terms of monetary wealth), and subsequently contribute to 
larger society through their services, taxes, and/or philanthropic ventures. In this 
model, it is quite likely that ‘success’ comes at the expense of others; for, in the 
competitive neoliberal archetype, success is based on competition and personal gain 
deriving from a capitalist political model. Alternatively, good citizenship can be 
viewed in a more egalitarian manner; as equity and working toward the betterment 
of all. The variability in how the notion of good citizenship can be perceived 
demands that the ways in which it is characterised receives careful attention if it is 
to be a focus of educational outcomes.

In contrast to the dominant neoliberal discourse, Kalantzis and Cope (2008) 
report that “many political and community leaders present education as a mecha-
nism for ensuring social equity” (p. 6). It is difficult, however, to see equality as the 
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product of an education that is so focused on individuals’ aspirations and achieve-
ments (Kalantzis & Cope, 2008). In fact, Mirra and Morrell (2011) report that, in 
the United States (US), the neoliberal agenda has led to entrenchment of educa-
tional inequality. They also allege that this leads to a “mechanistic purpose for 
teaching” and promotes the “capitalist purpose for education” (p. 409). Such a view 
attributes both success as well as any lack of success to the individual (Kalantzis & 
Cope, 2008). This further promotes an education system that is geared towards indi-
vidual performance and outcomes, and individual accountability and blame when 
outcomes are not achieved. This attribution to individual effort often comes with 
little consideration of one’s position, or the impact of one’s actions and outcomes on 
nature, or on others in the local or global community. Bourdieu recognised that 
education geared this way leads to reproduction of cultural and social inequities 
(Rawolle & Lingard, 2013), rather than resolving them.

This often-unconscious disregard contributes to a number of socio-scientific 
transgressions, including over-consumption of resources; excessive waste; unsus-
tainable population growth; food security risks; loss of biodiversity and detrimental 
climate change. It is also linked to exploitation of peoples from disadvantaged com-
munities who may be recruited into slavery types of roles, such as child slavery for 
cocoa and coffee production; primitive and often dangerous working conditions for 
production of clothing in sweat shops; and generally, threats to the livelihood and 
wellbeing of current and future generations.

These and other injustices in the world have resulted in a number of activist 
groups mobilising against disparity and inequity in an effort to achieve greater par-
ity in the world and to promote a more sustainable way of living. Campaigning for 
a better and more just world, however, should not just be the concern of activists, but 
rather, of all citizens of the world, and education plays a central role in addressing 
needs of humankind (Hopkins, 2013). Through education, there are greater chances 
of reframing the field, fostering dispositions that engender knowledge, values, atti-
tudes and desires to take actions required to secure a more sustainable, equitable 
and ethical citizenship. “It is only through the will and through the exercise of power 
that the individual … becomes an effective member of the community” (Russell, 
1932/2009, p. 3). Science education, in particular, offers a natural conduit for such 
a citizenship-focused education, due to its link with many of the most significant 
issues threatening the world (e.g. climate change; food security, land and water 
usage, biodiversity, unethical development/use of technology).

23.3  Scientific Literacy and School Science

The relationship between science and social, ecological and cultural world issues 
has led to many within science education communities rethinking purposes of sci-
ence education (e.g., Aikenhead, 2006; Bencze & Carter, 2011; Hodson, 2003; 
Roberts, 2007; Roth & Lee, 2004). Traditionally, science education has been con-
ceived as serving to foster scientific literacy (De Boer, 2000). Generally, this has 
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meant a science education focused on developing knowledge and skills for evidence- 
based thinking and argumentation associated within the long-established science 
disciplines (e.g., physics, chemistry, biology). In recent times, the usefulness of this 
dichotomisation has been questioned and there have been claims that science educa-
tion is in a state of crisis in most post-industrialised countries (Tytler, 2007).

While scientific literacy is commonly considered to be the overarching purpose 
of science education, historically there has been little consensus on its definition 
(De Boer, 2000; Fensham, 2004). In the past decade, however, there has been an 
increasing shift away from the traditional products-based approach to one more 
sympathetic to the socio-scientific issues that plague the contemporary world. Many 
(e.g., Bencze & Carter, 2011; Roth & Lee, 2004) argue that science education needs 
to respond to these societal issues by embedding them in a more active and overt 
manner in the curriculum. Such deliberate focus on the social implications of mod-
ern day science should help the wider public to participate in effective, informed 
decision-making about “personal and public science-based issues” (Tytler, 2007, 
p. 4).

Recent discourse around “re-imagining” (Tytler, 2007) science education has 
reinforced existence of two main themes about the purpose of science education, 
which Roberts (2007) tells us are competing for precedence. The first theme aligns 
with his ‘Vision I’ view of processes and products of science, in which students are 
essentially prepared for an expert science career path—a “propaedeutic” approach 
(Roth & Lee, 2004, p. 275) and something seen as important for “carry[ing] the 
nation into a technologically driven future” (Tytler, 2007, p. 1). The second theme 
recognises needs for accessibility and engagement in science by all citizens to 
ensure “lifelong participation in and learning of science-related issues” (Roth & 
Lee, 2004, p. 263). Roberts (2007) views this ‘Vision II’ form of science as being 
concerned with ways in which students are likely to encounter science in every day 
life.

The first of these themes tends to encourage content-based approaches to teach-
ing that deal with products and processes of science and often manifests in the 
delivery of abstract concepts (Aikenhead, 2006). This approach is representative of 
what Roth and Lee (2004) describe as the “competitive and individualistic nature 
[of science] and its claims to objectivity, value-free inquiry, and being an isolated 
enterprise” (p.  265)—that is, a neoliberal approach geared towards business-as- 
usual capitalist outcomes. Alas, it is this approach that often discourages ongoing 
participation in science education (Roth & Lee, 2004) due to its lack of relevance to 
contemporary life and the perpetuation of the image of science as being for the elite.

The second theme of science education encourages a contextualized approach, 
providing a means for education about ideas and ethics related to “fundamental 
societal conditions” (Tytler, 2007, p. 2). This second approach also relates to issues 
encountered in everyday life, making school science more relevant to most students, 
rather than just the relatively small proportion who follow it into further study and 
careers (Aikenhead, 2006). Approaching science in this way involves a shift from 
the traditional objective, value-free, view of science that produces ‘answers’ to the 

M. Jones



509

questions of the world. There is no doubt that the sense of certainty provided by 
traditional science is no longer enjoyed. The current milieu in which scientific prog-
ress has enabled science to be used in highly controversial ways: the atomic bomb; 
unraveling the human genome and subsequent designer babies; genetic engineering 
in foods, among others, has seen science become less certain in providing answers 
to important, value-laden, and subjective concerns of the world. This places natural 
and timely socio-cultural emphases on science that should be reflected in education 
if the world is to move to a more equitable and sustainable future.

Given the problematic nature of science-related issues in the modern world, and 
the uncertainty of science in providing definite solutions/resolutions to these prob-
lems, it seems appropriate to view scientific literacy in the same way that do Wolff- 
Michael Roth and Stuart Lee (2004)—as a social practice; and a more authentic and 
relevant school science as “citizen science”. This change in focus generates what I 
see as a third theme for science education, that of socio-eco-activism in which ideas 
of science related to society and nature are not just explored in cognitive ways, but 
their ethical implications are debated and authentic action is incorporated through 
an activist science education. Education framed around citizen science in this way 
would better address significant ethical problems and questions of the world. Indeed, 
During (2007) recognises that “Science has…become of more interest to cultural 
studies in response to the increasing technologicalization of nature and the human 
body as well as in response to global warming” (p. 23), which further strengthens its 
association with a more social, cultural, ecological and citizen-based definition. 
Such a view is consistent with other discourses, not only within science education, 
but also about education more generally (Mirra & Morrell, 2011). It aligns with 
what Kalantzis and Cope (2008) portray as a “new learning”, which they describe 
as being “about action as well as cognition…about the capacity to be productive in 
the world as well as knowing about the world” (p. 9).

New learning requires a significant shift in thinking about organisation and deliv-
ery of curriculum (Kalantzis & Cope, 2008). Typically, school curriculum pro-
grammes and, indeed, teacher education programmes, are fragmented into subjects 
and disciplinary areas, such as English, mathematics, and science. Citizen-based 
education programmes require more holistic approaches, and these require reform 
of both school and teacher education programmes to ensure that teachers have ade-
quate skills and knowledge to challenge, change and implement more relevant, 
citizen- based education. With gross inequity and significant science-based issues 
prevailing in the world, today’s version of citizen-based education is going to 
require a further critical element of educating for activism. This chapter goes on to 
consider this transformation from the perspective of science teacher education, 
where the discourse and relevance of citizenship that is tied to science-related ideas 
and issues is paramount.
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23.4  Teacher Education

Roles of teacher education are ill-defined beyond their general purposes in prepar-
ing teachers for the profession. There are a number of differing views about what 
such preparation should involve, as is reflected by what Louden (2008) denotes as 
the “101 damnations of initial teacher education”, referring to the large number of 
reviews into teacher education in Australia and how it should be conducted. For 
example, it has been argued that educators should be “agenda-setters and change- 
makers” (Kalantzis & Cope, 2008, p. 33), whereby current practices and approaches 
to teaching, learning and school organisation are challenged and reformed. This 
would require teacher education to inspire pre-service teachers to challenge the sta-
tus quo, and focus their education and subsequent teaching practices on new ideas, 
approaches and structures. Others view roles for teacher education in preparation of 
pre-service teachers to learn about characteristics of curricula that they will be 
charged with delivering upon entering the profession. Such preparation supports 
schools in satisfying requirements of teacher accreditation bodies, government 
agencies, and other governing bodies. However, the sometimes complementary and 
sometimes competing demands of stakeholders driving education leaves little room 
for reform in most schools—especially when government school funding is often 
tied to student outcomes and/or adherence to government initiatives such as account-
ability measures and national testing. Moreover, Mirra and Morrell (2011) suggest 
that quality of teachers and teaching are often based on measures of these “unexam-
ined assumptions about what constitutes desirable student learning outcomes” 
(p. 408). These ties to important resources and measures of accountability represent 
yet more mechanisms for advancing the neoliberal agenda.

The same unexamined outcomes for school student learning create pressure on 
faculties of education to deliver teacher education in ways that support the system 
in place. However, if teacher education acts merely as a prop for the status quo, how 
does change occur—in the school or classroom, let alone in the world? 
Transformational education (Mezirow, 1991) towards a focus on active citizenship 
means a more authentic curriculum is needed in which students and teachers can 
connect knowledge and skills with key issues in the local and global community and 
actively participate in measures to improve conditions for the greater good. 
Situations need to be utilised to engage students in “participatory modes” (Roth & 
Lee, 2004, p. 267) where they can make their own decisions and pursue their own 
interests in authentic situations that not merely reflect daily life, but rather, are 
embedded in daily life. Tytler, Symington, Kirkwood and Malcolm (2008) refer to 
such an approach as “knowledge ‘in action’ and ‘in context’” (p. 17). Aikenhead 
(2007) introduces this knowledge in action as a Vision III expansion of Roberts’ 
(2007) visions I/II of scientific literacy.

Kalanzis and Cope (2008) do warn, however, that transformational education 
requires more than just authenticity. They say:

[w]e have the power to transform our classrooms and our schools. As we embark on these 
transformations, we also make our own contribution to the transformation of broader 
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 society. Better learners will better contribute to the making of a better society … This 
means more than being “authentic”. Being authentic may produce a better fit between edu-
cation and society, but leaves society fundamentally the way it is. It sets out to reflect the 
realities of the world more than to change them. (p. 33)

This is particularly evident in science education and, subsequently, science teacher 
education. Much curriculum tends to be written quite conservatively and, thus, sup-
ports propaedeutic approaches described by Roth and Lee (2004). In this curricu-
lum, it is ‘safe’ to stick to abstract ideas and science inquiry skills. Authenticity may 
be attempted by contextualising content and skills within thematic topics. Even 
within contextualised themes, however, science education is primarily about acqui-
sition of a body of knowledge—knowledge of science and knowledge to follow 
general scientific processes—the habitus of the field. The risk with this is that sci-
ence is represented as an objective, value-free discipline; yet, as mentioned earlier, 
in the twenty-first century science is inherently entwined with ethical and value- 
based issues that plague the world. In an activist approach, science education would 
frame curricula to reflect knowledge and obligations to use knowledge in socially 
and ecologically responsible ways that strive for equity and justice for all. However, 
rarely does learning in science demand, or sometimes even discuss, notions about 
students as agents of change within communities to benefit the world as a whole.

23.5  Activist Science Teacher Education

Gallavan and Webster-Smith (2012) claim that “[t]eacher education is a powerful 
mechanism for helping teachers to understand the importance of agency” (p. 55) 
and that this occurs through rich opportunities and reflection. Thus, even though 
knowledge and action “are ultimately entwined” (Alsop & Bencze, 2010, p. 178), it 
is not likely to be sufficient to merely impart knowledge of concepts and ideas about 
socio-scientific issues with hopes that, with such knowledge, action will result. One 
need only reflect on the still-widespread inaction on climate change in some quar-
ters, despite overwhelming scientific evidence to recognise this. Instead, education 
that is research and community-based is required, which has potential to lead to 
lifelong learning and action where “the collective praxis of the community takes 
precedence over the individual” (Roth & Lee, 2004, p. 284). This is the sort of sci-
ence education that has potential to create more global forms of citizenship. 
Increasing participation in community issues is more likely to result in an education 
that moves beyond the acquisition of knowledge to one that encourages “discovery 
and action” (Mirra & Morrell, 2011, p. 412).

This socially responsible activist outcome of science education is reflected in 
STEPWISE (Science and Technology Education Promoting Wellbeing for 
Individuals, Societies and Environments). The four vertices of the STEPWISE tet-
rahedral framework: Science Technology Society and Environment (STSE) 
Education; Skills Education; Students’ Research, and Products Education, are 
already, to some extent, reasonably-well embedded in both school and science 
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teacher education. For example, socio-scientific issues are prevalent through topic 
areas such as genetic engineering, climate change, biodiversity, sustainability, and 
are explicit in most formal curriculum documents (e.g., ACARA, 2013; Ministry of 
Education (Ontario), 2011; NCCA, 1999; UNESCO, 2009). Science inquiry skills 
and processes have also had an increasing profile in curriculum documents over past 
decades and students are regularly involved in research projects, some about socio- 
scientific issues, and others on more traditional science-related topics (e.g., famous 
scientists, inventions, diseases etc.).

In spite of the prevalence of individual aspects of STEPWISE already present in 
schools, it appears that there has been limited uptake of the framework across edu-
cation sectors, and pre- and in-service teachers find the framework difficult to 
implement (Bencze & Carter, 2011). There may be a number of reasons for this. For 
one, there appears to be a gap between how different aspects of STSE, Science 
Inquiry skills and Students’ Research are approached in schools—often in a discon-
nect from one another. This is exemplified through traditional modes of science 
teaching where content is often delivered through transmission approaches; recipe- 
style practical work is conducted, in which some inquiry skills are privileged over 
others (such as collecting and analysing data to form a conclusion, but rarely posing 
a question and designing the processes to collect evidence); and student research is 
completed in isolation from these two arms as well. This creates particular social 
fields (Bourdieu, 1984), in which the habitus underpinning practice in fields per-
petuate objective, value-free, views of western science.

What STEPWISE does that is perhaps unique is to encourage traditionally- 
separate aspects of science education to be brought together such that they work in 
harmony: student-led research about a science inquiry where students contemplate, 
pose, process and attempt to answer a question and relate to existing ideas within 
the science field. This does not so much change the social field, but rather expands 
it. This expansion helps to ensure that critical inquiry and societal concerns under-
pin development of habitus within the field. Such an approach reflects Hodson’s 
(2010) urging for alignment of issues-based learning with traditional subject-based 
curriculum; not as an ‘add-on’ but, rather, as an inter-related activity. Students’ 
research then embeds science inquiry skills and contexts of inquiry are selected 
from STSE content areas. This marriage between aspects of science learning pro-
vides a more holistic learning framework (Bencze & Carter, 2011). It allows science 
research, content and theory to become relevant and useful rather than abstract and 
disconnected.

Critically, STEPWISE requires yet a further aspect of education to emerge—the 
vital step of action towards enhancing societal and ecological wellbeing. Supporting 
Hodson (2003), Bencze (2014) points out that this aspect of scientific literacy is 
relatively rare in science learning experiences but is central to STEPWISE and cen-
tral for a citizenship education. Teaching for activism is emerging as an increasingly 
urgent requirement if the survival of earth’s ecosystems is to prevail into the future. 
In spite of the increasing urgency of the global situation and the recognition of simi-
lar arguments dating back to the 1930s (e.g., Russell, 1932/2009), there remains 
limited uptake of activist approaches to education. Such resistance to activism, or 

M. Jones



513

even learning about socio-scientific issues, is exemplified in the current United 
Kingdom (UK) curriculum (see UK Department of Education, 2013), in which the 
terms ‘sustainability’ and ‘climate change’, perhaps two of the most significant 
issues in the modern world, are conspicuously missing—purportedly due to “reser-
vations about the inappropriate use and, indeed, over-use of the term ‘sustainabil-
ity’” (UK Environmental Audit Committee, 2005, p. 3). The ongoing omission of 
these significant areas of global concern from the UK curriculum is reflective of 
general neoliberal positions of the wider global North minority world.

Bourdieu argues that the dominating field of power can be responsible for both 
the social production and the social consumption that occurs within the field 
(Rawolle & Lingard, 2013). This reinforcing structure makes the nature of the sci-
ence education field one of importance, given its power to influence how society is 
produced, or reproduced, and how those within it behave. With the current neolib-
eral approach, reinforcing powers encourage social consumerism that is individual-
istic and inequitable. This perpetuates construction of this model of society at the 
expense of others. If a new field of influence is to emerge, where a more socially 
aware and equitable habitus is to ascend, the present dispositions shaping produc-
tion and consumerism of the social condition must be transformed. Activist educa-
tion offers the possibility of such a transformation. ‘Real’ action on issues like 
climate change, sustainability, and general resource inequity in the world, exposes 
students to underpinning issues and involves them in affirmative action. Bearing 
witness to the results of such action can be empowering (Stevenson & Robottom, 
2013) and, thus, small shifts may begin in the disposition and ultimately the social 
field in which science education manifests. This would, however, require a signifi-
cant shift away from the capitalist drivers that underpin neoliberal philosophy and 
current education systems that support it.

A further factor that may be exacerbating limited uptake of activist science 
teaching may stem from confusion, or sense of ethical responsibility, that teachers 
may have about what and how they present this type of learning—which, by its 
nature, can be quite controversial in wider society. Teachers are accountable to a 
range of stakeholders—students, parents, their colleagues, school managers, system 
agencies, as well as to their own sense of ethics—as to content and pedagogies they 
adopt in teaching for activism. Hodson (2010) alludes to this, stating importance of 
care to be “taken to ensure both the appropriateness of a set of actions for the par-
ticular students involved and the communities in which the actions will be situated” 
(p. 203).

23.6  A Journey Towards Activist Teaching

Certainly, my own journey towards a more activist approach to science teacher edu-
cation has been hesitant. I have struggled with a sense of competing pressures; 
between a profound sense of responsibility and capacity to ‘do some good’ and a 
deep concern for the potential misuse of my position and power. Continually, I have 

23 “Preach or Teach?”: An Ongoing Journey to Becoming STEPWISE



514

(and still do) question whether my teaching could be construed as preaching, or 
perhaps what Gramsci (2007) describes as “moralistic sermons” (p. 47). Russell 
(1932/2009) expresses such a tension as a type of burden, stating that “[i]n this 
world of flux men [sic] bear their part as causes of change, and in the consciousness 
of themselves as causes they exercise will and become aware of power” (p.  3, 
emphasis added). Commitment to educating for social justice and equity in the 
world has been compromised by my uncertainty about content and approaches I 
have used to teach about it and consequently, has at times felt like a burden of 
conscience.

When I examine the STEPWISE framework now, I can see clearly that my early 
engagement in teaching about socio-scientific issues reflected the typical, discon-
nected approach—that is, concerned with content, products, skills and, to a limited 
extent, research about particular ideas and issues. To this end, I believe I delivered a 
reasonably good Products Education—the government mandated curriculum frame-
works helped ensure this; I was reasonably good at incorporating Skills Education, 
mainly because I enjoyed teaching when learning was focused on science skills and 
processes rather than just conceptual knowledge. I was also reasonably effective in 
addressing Science Technology, Society and Environment (STSE) education, as I 
already had a passion for learning and teaching about socio-scientific issues in the 
world and their associated ethics. I did not, however, have an explicit awareness or 
understanding of links between these aspects of science education.

I can also see that I did not have a very good understanding of the impact my 
teaching had on my students; believing, without ever really questioning, that by 
equipping them with knowledge and informing them about issues, they would feel 
inspired to take action in their own lives. With time, it has become obvious that 
these conventional forms of STSE education are, as Hodson (2010) describes, 
“inadequate to meet the needs and interests of students faced with the demands, 
issues and problems of contemporary life” (p. 197). Using Hodson’s (1994) levels 
of sophistication, I was operating at the lowest level (Level 1): “appreciating the 
societal impact of scientific and technological change and recognising that science 
and technology are, in substantial measure, culturally determined” (p. 85).

In preparing for lectures and tutorials in the core science education courses I 
taught in a Bachelor of Education (Primary) program, I began to learn more about 
particular injustices in the world. I also gained some experience working in the 
Pacific country of Solomon Islands, both in a capacity-building role, co-planning 
and presenting teacher professional development alongside local teacher leaders; 
and supervising a small group of pre-service teachers on a four-week teaching 
practicum. Solomon Islands is one of the poorest and least developed countries in 
the world (United Nations Conference on Trade and Development [UNCTAD], 
2011), and education is difficult for most people to access. My work, over a seven- 
year period (and which is ongoing), provided direct observation of impacts of social 
inequity. I was able to witness first-hand impacts of global issues like climate 
change, and see how those with the least power to effect any change were the ones 
already suffering consequences imposed on them by the global North minority’s 
way of life.
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These encounters and experiences expanded my own social field and, with reflec-
tion, altered dispositions informing my personal habitus. My sense of responsibility 
to others and my sense of being able to contribute in some way influenced the 
amount and the manner in which I taught about and increasingly, for, socio- scientific 
issues. In an effort to minimise what I feared was ‘preaching’ about these issues, I 
introduced a range of student-led research and presentations. One particular strat-
egy involved running debates about particular genetically modified foods/crops 
(e.g., Flavr Savr tomato (no longer available); Bovine Growth Hormone, Roundup 
Ready, etc.). Here, I believed (perhaps somewhat naïvely) that students would 
uncover information for themselves and, in trying to form an argument using their 
research-evidence, would come to see risks, injustices and unethical behaviours of 
self-interested corporate and capitalist organisations. To some extent, this did occur. 
Disappointingly, however, often the ‘winners’ of debates (as selected by the remain-
ing peer group) were those who exhibited good debating skills, rather than the infor-
mation alone acting as bases for decisions. The power and danger of charisma, and 
ability to present an argument with confidence, was far more convincing than even 
some of the most frightening of statistics and information presented.

I was quite confronted, and somewhat disappointed by these experiences, 
although they did enable me to better see how people can be swayed into particular 
actions and ways of thinking by the power of the person or media used to inform 
them. The self-interest of certain groups (government and for-profit organisations) 
became increasingly obvious to me and I began to advance through Hodson’s levels 
of sophistication. I became better able to recognise links between the presentation 
and uptake of certain commodities and interests of associated funding 
bodies/capitalist organisations. I began to realize how this power and influence had 
potential for conglomerate control (Level 2); and consequently, my own values, 
attitudes and actions; i.e., habitus, began to transform (Level 3). I also recognised 
that lack of direct involvement with an issue led to a disconnect between the issue 
and the real-life impact it had on people. My students may have learnt about the 
topic, but the task lacked authenticity to really engage students’ values about the 
examples and their use in the world.

The transformation occurring in my own thinking and actions, in turn, further 
impacted my teaching, which also began to better reflect Hodson’s (2010) levels of 
sophistication. I designed tasks, questions and information to reflect, far more 
explicitly, levels of power that those with privilege, money and position can influ-
ence on those without (Level 2). I engaged students in critical reflection on their 
own actions that might be supporting or challenging the outcomes of the organisa-
tions wielding such power (Level 3). Yet, I still hesitated to challenge students to 
participate in their own socio-scientific action (Level 4). I was still in a false state of 
belief that with knowledge and reflection, my students would, as I had, change their 
values, attitudes and subsequently, their own actions.

In transitioning between educating about socio-scientific issues to teaching to 
challenge students’ attitudes and beliefs for action, I again became self-conscious 
that my teaching might be construed as preaching. Placing explicit expectations on 
them for action created a conflict in my mind that I was misusing my position. 
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However, my teaching did tend towards providing explicit and, by the nature of my 
delivery, implicit learning in a one-sided manner. Many students’ unit (course) eval-
uations began to demonstrate the value of such teaching, with comments like, 
“Learning about the state of the world/sustainability issues enlightened us and gave 
us information we can use” and “I valued the range of sustainability topics… It 
made me see how science is related to everyday life and gave me an understanding 
of human impact”. However, there would also be an occasional criticism with com-
ments urging me to “keep [my] personal political views out of the classroom.” 
Although these criticisms were by no means in the majority, these latter types of 
comments made me question whether I was misusing my position and authority as 
a means of propaganda.

23.7  Propaganda in Education

Russell (1932/2009) tells us that propaganda in education occurs when educators 
present information that, whilst may possibly be completely accurate, tends to be 
selective in its content and given at the exclusion of other existing, contrary, infor-
mation. Russell also asserts, however, that it is impossible for educators to avoid 
propaganda, as attempting to do so would be an unnatural suppression of their per-
sonality. Foley (2004) also recognises the personal effect of the teacher, stating that: 
“anything educators do should be grounded in their values based on the deepest 
possible understanding of their work” (Foley, 2004, p. 10). Teaching and learning 
cannot be value-free; particularly in a world where all actions can have direct and 
indirect effects on others, and especially when these effects are often detrimental. 
As Foley states:

Every technique you use, every theory you employ, has moral and political effects … 
Critical educational theory alerts us to the moral and political implications of educational 
interventions. It does so with an emancipatory intent. It is interested in learning and educa-
tion that frees people from exploitation and oppression, and helps them develop their capac-
ities and take control of their lives. It focuses on collective educational efforts in community 
and worker organisations, social action and social movements. (p. 16)

Foley’s view helps us to see that propaganda, per se, is not the issue; but rather, as 
Russell (1932/2009) also recognises, that educators need to ensure they present 
more than just one side of any topic of controversy. This allows for transparency 
leading to critical reflection and personal decision-making. This decision-making 
and reflection should be couched not so much in science/technology content, which 
is useful for informing the decision, but rather, in ethical uses of science/technology 
so as to preserve interests of the wider public (Bencze & Carter, 2011). A further 
challenge for the educator is to move this sort of learning beyond what is known as 
the interpretivist approach to education. Interpretivism recognises social and cul-
tural contexts associated with individual ideas and values; it does not critically 
examine the manner in which particular ideas and values are presented, how they 
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are shaped, or to whose benefit or detriment they affect. As Hodson (2010) recog-
nises, these affects can be quite profound. Foley (2004) reports that:

[a]ccording to Habermas and other critical theorists, the limitation of the interpretive frame-
work is that it over emphasises the subjective dimension of knowing and learning, and pays 
insufficient attention to the ways in which our understandings are shaped by the structure 
and culture of the institutions in which we live and work. (p. 14)

Critical theory recognises ways in which understandings are shaped. It acknowl-
edges inter-relationship between theory, ideology and power (Foley, 2004) and, 
thus, allows for emancipatory intent of more democratic education. This is similar 
to how Bourdieu (1984) describes formation and re-shaping of habitus. It is inter- 
relationships between social and cultural dimensions that influence dispositions of 
habitus within a given social-cultural field and critical reflection on these influences 
and dispositions that can re-shape it. Such emancipatory approaches to education 
also align with conceptions of new learning. New learning also aspires for emanci-
pation, which Kalantzis and Cope (2008) say is about making the world a better 
place, rather than settling for encouraging students to do their best, as if somehow 
they are bound by prevailing social conditions in which they live. An education 
aspiring to such an outcome requires promotion of voice, choice and ownership 
(Gallavan & Webster-Smith, 2012). This means giving each person opportunities to 
express themselves and be heard; the right to select from a range of possible out-
comes, so long as rights of others are safeguarded in any selection; ownership and 
responsibility for what is expressed, choices that are made, and subsequent actions 
that follow (Gallavan & Webster-Smith, 2012).

23.8  An Application of Activist Teaching

In an attempt to develop my teaching to better reflect an activist framework, I used 
my growing knowledge and awareness in the design of a unit (course) for futures 
learning. In this unit, I worked with two colleagues to implement Mezirow’s (1991) 
transformative learning. This was my first experience of planning for intentional 
teaching of activism. It was also the basis of a small research grant through which 
we collected data about types of triggers and actions to which students reported 
committing, or intending to commit, as a result of their learning. Results of this 
study were limited (see Carter, Castano & Jones, 2014) in that there were some 
personal actions taken up as a result of the unit (e.g., greater awareness and commit-
ment to buying free-range chicken/eggs); but, overall, impacts appeared minimal. A 
second iteration of the study in 2013, demonstrated more substantial commitments 
to personal action, including two students who reported becoming vegetarian as a 
result of information about (1) the impact of meat-eating on the environment and/or 
(2) because of animal cruelty. In fact, I also became vegetarian as a result of this 
work and, two years after that, vegan. Three years later, the lasting affects of this 
work have led to my ongoing commitment to a vegan lifestyle.
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Interestingly, my personal action to become vegetarian and later, vegan, and tak-
ing other personal actions based on my developing ethics and values, has once again 
made me self-conscious as to how my teaching might be interpreted. I am fearful 
that my students will see my choice of content and strategies as a judgment on them 
and/or a form of recruitment into a lifestyle similar to my own. As a result, I com-
municate to my students less than I normally would about my own personal stance 
on particular issues or, if I feel that I am expressing an opinion that tends one way 
over another, I try to be explicit that this is what I am doing. Otherwise, I now teach 
passionately and overtly ideas for and against a range of issues, particularly those 
concerned with sustainability and animal cruelty. Outside of the two-cycle experi-
ence of teaching explicitly for action using Mezirow’s (1991) transformative learn-
ing, however, I have still not developed a strong emphasis of Hodson’s (1994) Level 
4 of sophistication: Preparing for and taking action on socio-scientific and environ-
mental issues in my individual teaching.

Recently I collected some feedback from students participating in my third year 
core science unit in a Bachelor of Early Childhood and Primary Education; and my 
second year Bachelor of Education (Primary) course. The 12-week unit focused on 
energy for a sustainable future and other sustainability issues, such as food security, 
access to fresh water, waste production and climate change. When asked whether 
learning in the unit had inspired them to take, or consider taking, any action in 
regard to any of the socio-scientific issues covered in the unit, a range of small to 
medium personal actions were reported. These included types of actions that are 
easily implemented, like conserving energy through reduced electricity use; not 
over-filling the kettle when boiling water; buying Australian-made products where 
possible to reduce embodied energy; and buying locally grown/farmed foods where 
possible to reduce food miles. The embodied energy of products appeared to have 
been one of the most significant topics, with many students indicating never having 
thought about/realised this issue before. They felt, generally, that their everyday 
consumer choices were something on which they could easily improve. Some of the 
statistics around food wastage were also quite powerful and many indicated that 
they had taken measures to reduce their food waste and, for the food waste they did 
generate, they had started composting, with a few reporting that they had estab-
lished worm farms.

The more substantial actions mentioned included two students who decided to 
become vegetarian and one, who was already vegetarian, deciding to become vegan. 
A further five claimed to have reduced the amount of meat in their diet from daily 
consumption to between two and four times per week. These sorts of actions were 
not necessarily sought-after, and I am not advocating that these are in any way cov-
eted forms of action. They are, however, substantial in that they can be more chal-
lenging to adopt and are generally less likely to emerge as an outcome, especially 
when unsolicited. They demonstrate that raising awareness and encouraging per-
sonal reflection in general teaching can influence changes in the dispositions of 
some people in quite substantial ways. However, it is worth noting that each of the 
people involved (including myself) were already part way through the thinking pro-
cess about making such a change. Collectively, the personal actions reported 
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reflected that there was a range of more informed, effective measures and behav-
iours towards a more sustainable lifestyle. Some also mentioned that they had begun 
taking part in signing activist petitions and trying to influence their family and 
friends to take similar actions to themselves.

23.9  Conclusion and Future Implications

Overall, there was a strong sense from the feedback provided that there had been 
considerable increases in knowledge and awareness reflecting Hodson’s (1994) 
Levels 1 and 3 stages of sophistication, and some evidence of Level 4 action; and, 
even though this had not been an explicit requirement of the unit, it did appear to 
come about as a consequence of the learning. This is perhaps an outcome of what 
Russell (1932/2009) terms “herd education” where: “every collection of human 
beings in close proximity develops a herd feeling, which is shown in a certain 
instinctive uniformity of behavior” (p. 60). There was a general consensus of atti-
tudes and opinions voiced throughout the semester in a variety of forms (lectures, 
discussions, student presentations, online blogs) that could be representative of this 
“herding”.

These results have further inspired my thinking about my teaching. They demon-
strate the beginnings of a shift in the disposition of many of the students involved. 
Thus, explicit teaching and raising awareness, not just of STSE issues, but also of 
power and influence of those with vested interests in particular issues/actions, 
appears to have some effect on habitus. It suggests also, that science teacher educa-
tion framed in certain ways can create particular social fields that, in turn, affect 
dispositions and habitus of students involved towards a socio-eco-activist field. It is 
not just what was presented that was highly valued, but also how it was presented 
and approached that was important.

Results here have engendered in me both a sense of relief from my fear that my 
teaching would be viewed as preaching and a sense of inspiration to further this 
style of teaching. At the end of the semester, I mentioned to my students that I was 
concerned about ‘preaching’ rather than teaching, and I would be interested in any 
comments that they wanted to add to their unit evaluations about the matter. A num-
ber did comment and indicated that my teaching was inspiring and not at all com-
mensurate with preaching. This has certainly assisted my confidence and intensified 
my commitment to pursue a teaching agenda that does require more explicit forms 
of socio-eco-activist education. STEPWISE appears to serve as a useful framework 
to pursue such an agenda.

Implications of the journey to date are that I am more committed and more cou-
rageous about delivering an activist science teacher education. Critical analyses of 
my practice, undertaken through self-reflection, student feedback and reviewing 
literature in the field, has also been influential in my thinking about how I might 
undertake activist science teacher education in future. It seems likely from the jour-
ney to date, that I have potential to affect dispositions/habitus of my students by 
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creating a social field that focuses on equity, justice and wellbeing for all people and 
for nature. The tetrahedral framework of STEPWISE will also be useful in helping 
me place action at the centre of my teaching, although I will be interested to com-
pare impacts of more indirect approaches to activism I have recently taken with 
more direct and explicit activist approaches I am planning and that is promoted 
through STEPWISE. I wonder if explicit identification of my hesitation and concern 
about ‘preaching’ is perhaps beneficial in creating a sense of concern that it not be 
construed this way that subsequently engenders the opposite effect. It is also impor-
tant to avoid propagandist approaches described by Russell (1932/2009) by ensur-
ing both sides of arguments are exposed and explored. The student research aspect 
of STEPWISE can certainly allow for this, as does the opportunity to critically 
reflect on results of this research. As Gallavan and Webster-Smith (2012) 
recognise:

By giving teacher candidates rich opportunities to reflect within themselves and to design 
the tapestries that tell their stories, each teacher can find her or his personal power by dis-
covering voice to choose the option that yields choice, ownership and action for societal 
change. The change may be global or local, public or private, loud or quiet, grandiose or 
humble. All the same, their actions can overcome situational boundaries and not allow 
conditions to thwart their positions. (p. 55)

Investigating these wonderings will form bases of my ongoing journey towards a 
new vision for science teacher education or, perhaps, a Vision IV for scientific lit-
eracy, one that is concerned with education as socio-eco-activism.

Acknowledgement My sincere thanks to my dear friend and colleague Dr. Caroline Smith who 
has been an inspiration from the very beginning of my career in teacher education, and who read 
multiple drafts of this chapter and provided invaluable feedback.
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Chapter 24
“I Had to Take Action Straight Away.” 
Preservice Teachers’ Accounts  
of Pro- environmental Action

Lyn Carter and Jenny Martin

24.1  Looking into Action

‘STEPWISE’ (Science and Technology Education Promoting Wellbeing for 
Individuals, Societies and Environments) is a framework for science education that 
encourages students to work towards a better world utilising, in part, their under-
standing of science and technology. It aims to inform decisions about actions they 
could take to address socio-scientific issues (SSIs) or issues in science, technology, 
society and environment (STSE). As we can see from many of the chapters in this 
volume, Bencze diagrammatically represents STEPWISE as a tetrahedron with four 
learning domains at its peripheral points and ‘STSE Actions’ suspended in the cen-
tre. The pivotal positioning of STSE Actions, suggests Larry Bencze (Chap. 2, this 
volume), emphasises the altruistic nature of STEPWISE, fostering in students belief 
“that they can—and perhaps should—‘spend’ some of their literacy, not just on 
themselves, but also on efforts to improve the wellbeing of other individuals, societ-
ies and environments (WISE).”

In this chapter, we focus on the ‘suspended centre’; that is, the STSE actions 
fundamental to the framework. Bencze describes what he means by action and the 
conditions under which it may be facilitated in several of his writings. Influenced by 
Derek Hodson (2003) and others calling for science education reform that priori-
tises sociopolitical actions, Bencze (e.g., Bencze, in press) sees actions as including 
one or more of: “educating others (e.g., via posters and pamphlets), lobbying power- 
brokers (e.g., via petitions and letters to politicians), developing potentially- 
improved products and systems (e.g., a cell phone with recyclable components) 
and/or making personal improvements (e.g., using a travel mug).” Moreover, having 
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investigated conditions under which students may be motivated to take action, Larry 
Bencze (2014, p. 5) suggests:

(i)t is possible that, after hearing about issues from a teacher, students may not be particu-
larly motivated to take action(s) to address SSIs (e.g., merits of trans-fats in manufactured 
foods). In our research, we have found that students are more likely to be motivated to act 
on SSIs if they have developed some ideas, conclusions, etc. as a result of their own 
research. … (T)he more activities are ‘student-directed’ and conclusions are ‘open-ended’ 
(with many possible conclusions from data and theory) the more personally-engaged stu-
dents will be in the activities. If students have self-directed open-ended research about SSIs, 
their findings (e.g., that road salt inhibits seedling germination) can motivate them to take 
action(s) to address the SSIs they investigated.

Students ‘own research’ in these instances, Bencze (2014) notes, would likely be a 
combination of ‘primary’ and ‘secondary’ research where the former refers to 
investigations in which students generate original knowledge through their own 
activity, while the latter involves them in gathering knowledge discourses from 
available references sources.

In and of itself, STSE action suspended and cloistered within the tetrahedron 
raises some interesting questions for us. For example, action (and also altruism) like 
many others, are constructs without a compass and limits that don’t inevitably cir-
cumscribe the critical attitude seeking less repression that is assumed by the 
STEPWISE framework. Recent studies of the Tea Party in the United States for 
instance, show clearly that all forms of socio-political action like ‘lobbying power 
brokers’ can be used just as much in the service of socially progressive goals, as 
against them (Burris, 2001). Within France to take another example, there has been 
strong action by those groups both supportive and opposed to gay marriage. 
Furthermore, action is culturally located and needs to be considered as such. Some 
of these and other significant questions are canvassed within the various chapters of 
this volume and have been discussed by us elsewhere (see for example, Carter, 
Castano & Jones, in press).

While undoubtedly important considerations, in this chapter, though, we venture 
a different approach. Here we consider ‘action’, which lies at the heart of STEPWISE 
and other SSI/STSE approaches, from a discursive psychological perspective. For 
Rom Harré (1984), the discursive or cultural turn in psychology was a reaction to 
cognitive psychological assumptions that separate an inner psychological realm of 
the human mind from outer social contexts. Thus, in discursive psychology, the 
meaning of any word such as ‘action,’ can only be understood in its context of use. 
As such, discursive psychology takes an alternative view to cognitive psychology 
that underpins much science education research in the area enabling a somewhat 
unique contribution. It is worth noting that we have not analysed STEPWISE for its 
cognitive psychological assumptions or viewed it through a discursive lens. That is 
a task for another day. Instead we offer our experience in a project similar to 
STEPWISE in the hope that STEPWISE may take something of value in reflecting 
on the notion of action.

Hence, to illustrate our discursive psychological perspective, we describe part of 
a study undertaken with our first-year science course within a Bachelor of Education 
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programme for preservice elementary or primary teachers at an Australian University 
(around 400 students). The course’s topic area of environmental sustainability and 
pro-environmental engagement, its focus on action, and a self-directed and open 
inquiry pedagogy involving both primary and secondary research ensures our course 
is empathetic with the tenets of STEPWISE. Our course aimed to empower preser-
vice teachers to become science educators in their own right, and to position them-
selves as pro-environmentally active, both in their lives and in their teaching. In our 
research, we are concerned with ways in which preservice teachers develop respon-
sibility for pro environmental action.

In this chapter then, we report on the section of the larger study where the preser-
vice teachers completed an Eco Challenge1 that required them to conduct an action- 
focused and evidence-based appraisal of their current sustainability practices. They 
were then required to redesign and implement practices (action) to reduce their 
ecological footprint in terms of food and energy consumption and their production 
of waste, evaluating and explaining their success or otherwise. The preservice 
teachers recorded their progress in an open-ended, reflective journal format of their 
own choosing (e.g., a paper notebook or on-line blog) kept across the 12-week 
semester of the course. The preservice teachers provided evidence which included 
statistics related to their adopted practices, such as quantities and frequencies show-
ing reduced consumption, photographs, reports of conversations with significant 
others as well as reflections upon their own or others’ attitudes, and information 
they researched that would elaborate their positions. Formal classes during the 
semester were designed to support their understanding of environmental sustain-
ability, which in STEPWISE terms, was largely through the study of secondary 
research. The journals could be regarded as a mix of STEPWISE’s primary and 
secondary research. While the journals were not part of the preservice teachers’ 
assessment for the course, they could have been referred to in their final reports as 
evidence of their action and changed perspectives.

We move onto the next sections and outline aspects of discursive psychology 
relevant for our study as well the stance we have taken on pro-environmental 
engagement as applied scientific literacy. We then report some of our findings before 
concluding with a discussion on action that may be insightful for the STEPWISE 
framework given the unique lens of discursive psychology.

24.2  A Discursive Psychological Approach

Discursive psychology (Davies & Harré, 1990; Harré, 1984) is an approach to psy-
chology developed to overcome Cartesian dualism that is a foundational assumption 
in cognitive psychology. Unlike cognitive psychology, the discursive approach 
acknowledges cultural and relational aspects of any action in the social world and 
makes no distinction is made between social and psychological phenomena (Harré, 

1 Dr. Caroline Smith originally designed the Eco Challenge in 2008. It has since been adapted.
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1984). Cognitive psychological approaches to science education research, by con-
trast, typically privilege generalised inner mental states when looking at (in our case 
here) preservice teachers’ stated intentions (for example, Basu, 2008), or the attri-
bution of intention to students (see Sharma, 2007) as central to the operationalisa-
tion of action. In other words, students expressing their intention to take action 
when interviewed about action contribute to that particular practice with some 
understanding of expected responses. Rather than looking to what students say (or 
do) in a social setting as representing general psychological states (e.g. wanting), a 
discursive psychological approach, looks to the function of students’ sayings or 
doings in their context of use (Wood & Kroger, 2000). Discourse-based approaches 
in science education research explore action in science as a complex social activity 
suggesting that action cannot be explained as individual intentions (as in cognitive 
psychology), rather it needs to be understood as the social meaning achieved in the 
intention, and in terms of resultant social practices (see for example, work from 
Anderson & Zuiker, 2010; Arnold, 2012; Arnold & Clarke, 2014; Seah, Clarke, & 
Hart, 2011; Yerrick & Gilbert 2011). We believe this approach, less usual in science 
education research, can avoid limitations posed by much of the cognitive psychol-
ogy at large in our field.

In discursive psychology, social psychological phenomena are manifest as social 
acts. A social act is defined as the relatively determinate social meaning of action, 
and is the smallest unit of analysis. The analysis of social acts involves three mutu-
ally interdependent features of a conversation (discourse). These are the actual 
doings and sayings (‘action’), the conversational ‘storylines,’ and the ‘positioning’ 
of actors (Harré & van Langenhove, 1999). A ‘position’ is a person’s psychological 
location in an ongoing ‘conversation’—or where they locate themselves. An exam-
ple of a function of language use is the ‘positioning’ of persons in interaction or 
realisation of social identities (Davies & Harré, 1990) and social practices. Personal 
development occurs as individuals ‘position’ themselves in ‘conversation’ and 
develop social identities in relation to their obligations and responsibilities in a local 
moral order (Arnold, 2010; Harré, 1984; see also Martin & Carter, 2015). Pronouns, 
modality and tense become then, the language devices used to index ‘position’ or 
responsibility to persons (see Muhlhäusler & Harré, 1990 for a discussion of func-
tions of pronoun use). Jenny Martin (writing as Arnold, 2012) has referred to these 
grammatical devices as the Grammar of Agency.

In our analysis of preservice teachers’ reflective accounts of their Eco Challenge, 
we analyse their accounts as social acts. The journal entries provided a space to 
record and construct (story) the preservice teachers’ own thoughts and ideas, narra-
tives, choices of life aspects to which to attend, and how they position themselves in 
relation to action for environmental conservation. The discourses appropriated or 
transformed by preservice student teachers in ‘storying’ their own pro- environmental 
engagement included course readings, peer conversations, generalised discussion 
and discourses circulating more widely in society through the media and online 
sources of information. The section of our overall study reported in this chapter is 
concerned with the preservice teachers’ use of the concept of ‘action’ in their own 
journal accounts, thus responding to relevant questions like:
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• How do the preservice teachers employ the language of ‘action’ in their accounts?
• How do preservice teachers ‘story’ their own pro-environmental action? How do 

they position themselves and and their responsibility to take action?
• In what ways do these discourses promote or limit the preservice teachers’ pro- 

environmental action and their positioning as responsible for action regarding 
EfS?

24.3  Pro-environmental Action as Applied Scientific Literacy

Beyond STEPWISE, several other research strands also inform our work. Clearly, 
environmental sustainability education is a key influence, as the highly significant 
1992 United Nations Conference on Environment and Development blueprint, 
Agenda 21, suggests:

Education is critical for promoting sustainable development and improving the capacity of 
the people to address environment and development issues (Chapter 36, Para 36.3).

Much has been written about environmental sustainability education since that 
landmark report including the 2009 Climate Change and Sustainable development: 
The Response from Education. It is one of an increasing number of reports, policy 
documents and research publications that identify characteristics of sustainability 
education able to promote sustainable agendas. Education for environmental sus-
tainability encompasses a complex agenda around the natural, the social, the cul-
tural and the economic and shares with STEPWISE, issues that include health, 
poverty and redistributive justice. Importantly, The Response from Education report 
found that one of the key obstacles to successful implementation of sustainability 
education is teacher knowledge, understanding and action due to the lack of suffi-
cient and high quality pre- and in-service teacher education. Clearly, if we wish 
educational settings to be proactive in implementing sustainability education either 
within their science programmes or elsewhere, to promote pro-environmental 
engagement and action, then sustainability education needs to become a core ele-
ment in both in-service and pre-service teacher education. That we have taken this 
call seriously is evidenced by the fact that one of our three undergraduate science 
courses is devoted solely to EfS and pro-environmental engagement.

Preservice teachers’ actions can also be regarded as a subset of the research into 
youth and adult pro-environmental engagement. Louise Chawla (2006) and Joya 
Palmer, Suggate, Robottom, & Hart, (1999) have found that opportunities for affir-
mative experiences of nature as well as the shaping by family or other role models 
can facilitate pro-environmental engagement. Anja Kollmuss and Julian Agyeman 
(2002) identified pro-environmental knowledge, awareness, values, attitudes, emo-
tion, and locus of control, responsibilities and priorities as all impacting pro- 
environmental behaviour. Similarly, Beth Robelia, Christine Greenhow and Lisa 
Burton (2011) found when investigating on-line communities, that being part of a 
like-minded group spurred involvement in many participants and encouraged them 
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to learn more about climate change and change their behaviour and take action. 
These and other studies have all been useful in offering insight into the important 
factors facilitating preservice teachers’ engagement and action, and helping us pre-
pare positive curricula and other educational experiences.

Moreover, Lyn Carter (2012) identified eleven preferences to learning that may 
engage preservice teachers with environmental sustainability. These preferences 
find some resonance with the currents and trends Lucie Sauvé (2005) identified as 
readily apparent with the environmental education field. However, Carter (2012) 
suggested that preservice teacher motivation for engagement and action was more 
complex, as the preservice teachers’ developing sense of their own professional 
responsibilities intersects with competing discourses of individualism in Western 
society and social justice, for example. Lou Preston (2011) also focused on preser-
vice teachers and EfS in her study, showing that ‘discourses of ecological crisis’ 
limited preservice teachers’ views of pro-environmental action to absolving per-
sonal guilt and to individual acts of green consumerism which they saw by the way, 
as beyond their financial means. In ecological crises discourses, individual respon-
sibility is uncritically taken as the cause of environmental problems rather than 
them as part of the broader complex sociopolitical networks with powerful interests 
at work. Clearly a multiple phenomenon, our study using a discursive psychological 
approach, builds upon Carter’s (2012) and Preston’s (2011) efforts to explore how 
preservice teachers engage with prevailing discourses, including discourses of pro-
fessional responsibility (DEWHA, 2010), and position themselves as responsible or 
obligated for engaging in pro-environmental action, and how they account for their 
action in terms of structural contingencies or affordances.

Through the Eco Challenge and coterminous with STEPWISE, our first year sci-
ence course takes an action (applied) orientation to scientific literacy similar to that 
of Crowell and Schunn (2014). Amanda Crowell and Christian Schunn’s applied 
view of scientific literacy shifts the preoccupation of a more generalised under-
standing of scientific literacy as knowledge acquisition to an emphasis on engaging 
with practices of science. More importantly, it encodes possibilities for taking 
actions (the ‘social act’ in discursive psychology), deemed essential as any  
“problem is unlikely to improve if subsequent actions do not condense with … 
understanding” (Crowell & Schunn, 2014, p. 719). Crowell and Schunn argue that 
applied dimensions of scientific literacy have received less attention in science edu-
cation research than other types of scientific literacy, describing it as a level of 
public understanding of science that encourages decision-making in concert with 
scientific consensus. Pro-environmental engagement and action is an example of 
applied scientific literacy or scientifically literate action related to environmental 
sustainability.
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24.4  Reporting Some of the Findings from Our Study

For this section of our study, we randomly chose fifty individual journals from the 
large cohort of preservice teachers. We coded the participating preservice teachers’ 
journal entries according to their use of the language of action, and the Grammar of 
Agency—pronouns, modality and tense—(Arnold, 2012; Arnold & Clarke, 2014) 
and analysed how the preservice teachers used the concept of action in their 
accounts. After elaborating our coding of the preservice teachers’ accounts, we 
present four themes that emerged from the data.

24.4.1  Coding the Journal Entries

Muhlhäusler and Harré (1990) refer to an indexical progression by which persons 
can locate responsibility for action to themselves to varying degrees, ranging from 
the unmarked first person to the use of first person pronouns and epistemic verbs 
such as ‘to think’ or ‘to know’, which can strongly index responsibility to an indi-
vidual (individual agency). The use of the first person plural can index responsibil-
ity for action to an individual as a member of a group (collective agency). The use 
of third person pronouns can deflect responsibility from an individual and index it 
to public personae. Sentence modality, like the use of the first person pronoun can 
index responsibility for action to a speaker or writer. Usually, the present tense will 
be used when responsibility is indexed to persons within an ongoing interaction. 
The use of the past tense can indicate reported action, the social meaning of which 
cannot be reliably gauged (Harré & van Langenhove, 1999). However, past and 
future accounts can be analysed for their function in the immediate context.

Our coding using the language of action was an iterative process. For example, 
we included not only derivatives of the word ‘act,’ such as ‘actor’ ‘acting’ and 
‘action’, but also words that the participants used synonymously as ‘action’ and its 
derivatives in defining ‘the language of action’ for our study. The preservice teach-
ers used the words, ‘practice’, ‘change’, ‘changing’, ‘choosing’, ‘trying’ and ‘doing’ 
synonymously with ‘action’ as illustrated in Excerpts 1 and 2. The bold font in these 
excerpts has been added to highlight the preservice teachers’ language of action.

Excerpt 1 “The first lecture for this class I found overwhelming. Although I have heard of 
the concept of sustainability discussed many times, I don’t think I ever thought about it 
on any meaningful level. Similarly, although I attempt to make environmentally sustain-
able choices (e.g. choosing recycled paper and energy efficient light bulbs) I feel as 
though these choices are made without much consideration or understanding of what 
I’m doing. I am hoping that this subject will give me a more thorough understanding of 
the impact that making different choices can make.”

Excerpt 2 “The video we watched in the lecture really reinforced this idea that small 
changes made on an individual level can make a large difference to the world’s environ-
mental sustainability. It made me feel a little guilty as I know it is something I should be 
more conscious of.”
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In Excerpts 1 and 2, the preservice teachers use the idea of consciousness and mak-
ing choices in doing certain things as synonymous with pro-environmental action. 
For these preservice teachers, taking action is equated with knowledge of impacts 
doings have on environments and consciously choosing and doing things that have 
less impact. The idea of acting with volition was found to be thematic in the preser-
vice teachers’ accounts of pro-environmental action, elaborated below as Theme 2.

24.4.2  Emergent Themes

In our analysis of the language of action, four themes emerged from the preservice 
teachers’ accounts:

 1. The language of action was employed by the preservice teachers in reference to 
individual action.

 2. The psychological category of intentionality was employed by the preservice 
teachers in their explanations of pro-environmental action.

 3. Action was linked by the preservice teachers with their own becoming, or their 
identities.

 4. The preserve teachers evoked the concept of inaction and accounted for inaction 
in various ways.

These four themes are elaborated in the following four sections. The Excerpts are 
from different preservice teachers’ journals and have been chosen as representative 
of the themes. Preservice teacher language use has been highlighted using bold font 
as related to the themes.

24.4.2.1  Theme 1 – Individual Action

The preservice teachers employ the language of action in reference to individual 
action. This is illustrated in Excerpts 2, 3, 4 and 5. In Excerpt 2, the idea of indi-
vidual action is evoked using the phrase, “on an individual level”, and the use of the 
pronoun, ‘I’, indexes the preservice teacher’s sense of personal responsibility for 
action. Excerpt 3 evokes the idea of individual action when the preservice teacher 
describes herself as “only a single person” and uses “everyone” to refer to individu-
als in the plural sense.

Excerpt 3 “It can feel like I am only a single person and how will I make a difference. 
However, through my research I am beginning to understand that everyone makes a dif-
ference no matter how small their actions are!”

The preservice teachers described individual action as making “small changes” 
(Excerpt 4) and “doing small things” (Excerpt 5).

Excerpt 4 “Although I have made small changes that have led to my ecological footprint 
getting smaller it makes it clear to me that small changes can make a difference. I do not 
believe that the issue of sustainability is being made clear enough. I feel as though the 
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issue has been put on the back burner. Yes, there are government bodies working on 
ways and listing ways people can be more sustainable, but maybe someone should start 
saying we NEED to do this rather than you can do this.” [capitalisation n the 
original]

The preservice teachers associate individual action to psychological categories, 
such as motivation and efficacy. In Excerpt 5, for example, the preservice teacher 
links pro-environmental practices with a sense of personal empowerment.

Excerpt 5 “After my ecological footprint has reduced by 0.4 planets, though it seems to be 
small, I have realised doing small things around the house and in the garden can make 
a difference whether it be small or large. Creating a veggie patch, taking more public 
transport or reducing the consumption of animal products can have a great impact, and 
in doing this project I have realised that I don’t really need animal products that much 
and that I can produce my own edible food. I think I will continue with these practices 
because not only is it healthy, I feel like I am giving back to the environment and its 
empowering. Though it may be little progress and may have had a few setbacks, I am 
happy with what I have done.”

The concept of individual action employed by the preservice teachers includes the 
idea of intentional non-action, for example, pro-environmental action includes 
‘refusing’ (Excerpt 6) and ‘going without’ (Excerpt 7).

Excerpt 6 “Instead of buying what I wanted I began to think more about whether I really 
needed the product before purchasing it. On several occasions, I refused to ‘impulse 
buy’ and instead with home without them.”

Excerpt 7 “In my plan, I mentioned that I would attempt a shopping detox i.e. go for two 
weeks without buying unnecessary items such as clothing and make up. At first this 
seemed overwhelming as I rarely go a week without buying a new item of clothing to 
wear out on the weekend.”

In summary, the preservice teachers storied themselves as developing a sense of 
efficacy in their individual actions using statements like “I now realise that small 
changes can make a difference”. This extended to the anticipated cumulative effect 
of “small things” and a sense that every individual has a responsibility to do “small 
things”. The preservice teachers storied individual action as the solution to the chal-
lenge of world environmental sustainability. However, the focus on the individual 
limits the scope of the concept, “pro-environmental action” to absolving guilt (see 
Preston, 2011).

24.4.2.2  Theme 2 – Action and Intentionality

The preservice teachers drew upon the psychological category of intentionality in 
identifying pro-environmental action. They differentiated acting with knowledge 
and volition from “instinctive” action, action undertaken without consciousness of 
its effect on the environment. In Excerpt 1, the preservice teacher refers to acting 
without “consideration or understanding” and, in Excerpt 2, the preservice teacher 
states that acting towards the world’s environmental sustainability is “something I 
should be more conscious of”. In this way, the preservice teachers make a distinc-
tion between acting in habitual ways and acting with an intention towards limiting 
ones impact, or consciousness and knowledge about ecological sustainability. 
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Excerpts 8–12 provide examples of the language the preservice teachers used to 
refer to lack of consciousness or volition:

Excerpt 8 “Even though I do such things as have a recycling bin, and I am always turning 
off lights and I have solar panels on my house, I am not actively taking part in trying to 
reduce my ecological footprint.”

Excerpt 9 “In my daily life I don’t generally take account of the damage I am doing to the 
planet”

Excerpt 10 “When searching the sustainable living tips, I realised that we already do sev-
eral of the suggested tips without even thinking”

Excerpt 11 “Growing up during one of the longest droughts in Australian history has made 
me more aware of my water usage… instinctively I take shorter showers”

As differentiated from acting instinctively or without thinking, the preservice teachers 
described action stemming from new knowledge (illustrated in Excerpts 12 and 13).

Excerpt 12 “These figures [electricity, gas and water bills] came as a shock to me as I truly 
had no idea that these simple services cost so much! Looking at these figures provides 
me with motivation to try and reduce the costs”

Excerpt 13 “I really love shopping but I need to reduce how much clothes I buy and also 
because I buy online which means the transport for the package to get here also impacts 
the environment”

In Excerpt 12 and 13, the preservice teachers link new knowledge with the “motiva-
tion” (Excerpt 12) or “need” (Excerpt 13) to act. In Excerpt 14, the preservice 
teacher makes an explicit reference to a distinction between acting with or without 
volition.

Excerpt 14 “On a weekly basis households are expected to push out their recycle bins and 
rubbish bins to collected and thus getting rid of unwanted waste appropriately. For most 
families and mine, this is as a far as it goes for making a conscious effort to apply sus-
tainable practices. This continuous act is not a voluntary decision made by every per-
son in Australia, but rather a societal rule and law of the government to rid waste… 
Sustainable practices need to become a way of living rather than rule obeying.”

The duality of acting with, or without, intention alluded to in the written reflec-
tions by the preservice teachers is extended by many to an imperative to act once 
consciousness or knowledge is established. The idea of imperative action is illus-
trated in Excerpt 4 and also in Excerpt 15. In Excerpt 4, the preservice teacher refers 
to individuals taking action in plural (“we NEED to do this”) and, in Excerpt 15, the 
preservice teachers refers to the imperative to take action in terms of a personal 
sense of responsibility (“I had to take action”).

Excerpt 15 “6.4 global hectares are needed to support by lifestyle. As soon as I completed 
my ecological footprint I realised I had to take action straight away. I was seeing 
friends that day so I rode my bike rather than driving

The analysis shows that the preservice teachers employ psychological language 
(intentionality, consciousness) in their understanding of what pro-environmental 
action entails. In other words, they understand pro-environmental action as neces-
sarily involving conscious decision making by autonomous individuals. In their use 
of the language of intentionality, the preservice teachers situate pro-environmental 
action as an individual responsibility.
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24.4.2.3  Theme 3 – Action and Identity

In their reflective accounts of pro-environmental action, the preservice teachers 
employed grammars of identity and personal agency (Arnold, 2012). In Excerpt 16, 
the preservice teacher uses the first person pronoun and psychological categories 
(“intrigued”, “angry” and “interested”) and positions herself as agentic and person-
ally responsible for pro-environmental action.

Excerpt 16 “This week after the tutorial I was really intrigued about the variety of energy 
sources that there are. I even got angry that we are still using coal and petrol. I am 
really interested in different water energy sources, especially to do with salt water 
because we have an abundance of that. I have gone around the house and I have taken 
out appliances that are plugged in that don’t need to be and I have checked the washing 
machine to see the star rating”.

The preservice teacher’s use of ‘we’ in Excerpt 16 positions her as a member of a 
collective, in this instance, as a citizen of the State, Victoria. She takes collective 
responsibility in this way for “still using coal and petrol”, and collective ownership 
of a resource (salt water). Despite the acknowledgement of collective responsibility, 
she takes personal responsibility for action, and her pro-environmental action is 
limited to the individual response of reducing energy consumption by unplugging 
appliances, for example.

In Excerpt 17, the preservice teacher uses first person pronouns to identify her-
self as a person with particular capacities and dispositions and, importantly, links 
changes in her identity (“someone who”) to the development of a capacity to act 
(“implement strategies” and “influence others”).

Excerpt 17“The most important aspect about this challenge for me was my own personal 
shift in values. As previously mentioned, I feel as though I have moved, and will con-
tinue to move, from someone who passively accepts sustainability as something that 
‘someone else will deal with’, to someone who can actively implement personal strate-
gies to benefit the environment, as well as helping to educate others on how they can do 
so as well.

In Excerpt 18, the preservice teacher links her developing identity as an educator to 
acting. She emphasises being a person who acts as a necessary aspect of her profes-
sional identity.

Excerpt 18 “I instantly thought, I am an educator and if I am going to teach children about 
caring for our world I better get to it and act in order that I am not hypercritical to what 
I teach.”

In summary, action and identity are linked by the preservice teachers in the fol-
lowing, related ways: (1) Action is accounted for as personally motivated, (2) Action 
is accompanied by a shift in personal identity, and (3) An identity as “someone who 
acts” is a professional imperative.
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24.4.2.4  Theme 4 – Accounting for Inaction

The notion of inaction was evoked by the preservice teachers. In their reflective 
accounts, the preservice teachers offered explanations for ‘inaction’. The preservice 
teachers used the idea of inaction as action that was not directed towards ecological 
sustainability (Excerpts 19–21) and action that was not intentionally directed 
towards ecological sustainability (Excerpt 14).

Excerpt 19 “The reason we don’t do enough to help at the present moment is due to having 
an attitude of “nothing I can do will help so I will not bother doing it”

Excerpt 20 “one of the most difficult things about implementing all these practices has been 
the initial financial outlay and even more so the time factor. It takes so much longer to 
do my groceries now that I go to several local suppliers for produce instead of simply 
purchasing everything from the supermarket… I think time has been the biggest factor 
to why we haven’t done anything before now.”

Excerpt 21 “Sustainable living, reducing our individual footprint for me is one of those 
important issues that feels too big for me to be able to make an impact on. Of course, in 
our family we do the token things, recycle plastic, turn power points off and attempt to 
have shorter showers. Are these little things enough?”

Inaction was accounted for by the preservice teachers using psychological catego-
ries, such as “attitude” (Excerpt 19) and “feel” (Excerpt 20), and socio-material 
realities, such as “time” “money”, and availability of products (Excerpt 19).

The preservice teachers accounted for inaction in individual terms and did not 
refer to action beyond the responsibility of an individual, such as collective action 
or political action. They did not critically reflect on the kind of action required solv-
ing some of the bigger issues, such as equitable access to the earth’s resources and 
communities’ transitions to energy sources other than petroleum, even though the 
preservice teachers named Victoria’s (the state within Australia where they are 
located) continuing use of coal and correspondingly high eco footprint as a 
problem.

24.5  Discussion

Our approach utilised the theoretical lens of discursive psychology where the social 
meaning of language is understood to be relatively determinate, to investigate how 
the concept of action is used by our preservice teachers in their reflective journal 
accounts. We found that our preservice teachers linked taking action to individual 
intentionality and responsibility (Themes 1–4). In this way, our research supports 
claims made by Preston (2011) that young people tend to adopt ecological crises 
discourses. As noted above, in ecological crises discourses, individual responsibil-
ity is uncritically taken as the cause of environmental problems. In Preston’s study, 
participants attributed blame to individuals due to laziness, failing to understand the 
broader complex power-vested interests. Rather than taking action, Preston reported 
that ideals of green consumerism were drawn upon by preservice teachers in inter-
views to help absolve their sense of individual responsibility or guilt. Like Preston’s 
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study, many of our preservice teachers linked feelings of guilt and shame with their 
formal learning experiences, specifically the calculation of their Ecological 
Footprints as a requirement of the course. However, in taking action, and in contrast 
to Preston’s findings, our preservice teachers ‘storied’ their action as positive, 
claiming that small things done by individuals can make a difference. The experi-
ence of taking action and course requirement of evaluating the action using data was 
drawn upon as resources by our preservice teachers in their accounts to story their 
own sense of individual responsibility in a positive way.

Preston’s (2011) study was concerned with understanding individual attitudes, a 
common approach within a cognitive psychological framework. Unlike Preston’s 
study, we took a discursive psychological approach and were concerned with pre-
service teachers’ self-positioning. Our analysis was not limited to individual atti-
tudes and knowledge, but provided a scope for preservice teachers to ‘position’ 
themselves as collectively responsible. We found that despite this, the majority of 
our preservice teachers still utilised individualistic ontologies. In their accounts, our 
preservice teachers’ pro-environmental engagement was limited to individual 
action, or “small things” (Theme 1, Excerpts 4 & 5). They also differentiated 
between instinctive and deliberate action (Theme 2). Rather than looking to action 
as meaningful in context, or how they were positioned in social contexts salient in 
their everyday lives (e.g. as unempowered citizens or family members), the preser-
vice teachers themselves became entrapped in a loop of deliberation over the attri-
bution of individual intentionality, induced by the their adoption of cognitive 
psychological constructs like ‘motivation’ and ‘intention’. Discursive psychology 
provided an alternative view and we looked to the function of psychological catego-
ries in participants’ discourse, rather than treating these constructs as inner realities. 
From this perspective, it is clear that the uncritical adoption of storylines involving 
individual responsibility for environmental problems can limit action to ‘everyday’ 
activism, possibly at the expense of developing other forms of activism such as 
‘conventional political’ activism, which rely more upon students developing a sense 
of collective agency (Martin & Carter, 2015). Carter et al. (in press) have described 
‘everyday’ activism as acts by individuals usually performed privately or on a small 
scale, while ‘conventional political’ activism typically involves organisational or 
institutional structures such as political parties, religions, organised community 
groups and other more amorphous ‘social movements’ that may also coalesce tem-
porarily around a particular goal.

Moreover, drawing on Sauvé (2005), our findings suggest that the Eco Challenge 
elaborated a “conservationist/resourcist” approach to environmental education or 
pro-environmental engagement in our terms, limiting our preservice teachers’ criti-
cal engagement. Our way forward is to explore “socially critical” and/or “values- 
centred” (Sauvé, 2005) approaches and build into the Eco Challenge the opportunity 
for our preservice teachers to reposition themselves as collectively responsible in 
communities salient to them (Martin & Carter, 2015).

The research report here informs our work in promoting pro-environmental 
engagement with preservice teachers and suggests that opportunities for the preser-
vice teachers to position themselves as knowing members of collectives in relation 
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to current local and global sociopolitical contexts could be a way forward to broaden 
their concepts of action. Identifying that need as STEPWISE has already done and 
facilitating its occurrence are of course, different issues. How successful we will be 
in moving preservice teachers into understanding and acting upon broader social 
responsibility remains to be seen.

In summary, our study shows that discursive psychological perspectives have 
much to add and should be fully explored for researching applied dimensions of 
scientific literacy as promoted by programs such as STEPWISE. Critiques of theory 
and practice in areas that education for sustainability, STEPWISE and other socio-
political and STSE projects should involve an examination of cognitive psychologi-
cal assumptions that depict individual minds and knowledge as separated from their 
social realisation, which we have found can limit pro-environmental engagement to 
individual action. We hope that these results offer some fresh insight into how 
STEPWISE conceives of it action at the heart of its tetrahedron.
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Chapter 25
Science Education for a Better World? 
Reflections on Embodiment, Language 
and Sensitive Action

Laura Colucci-Gray

25.1  Introduction: Touching the Earth on an Autumn Day

University campus, Aberdeen, city: a day in September in the northern hemisphere. 
Situated at the crossroads between a busy road and a social housing estate owned by 
the local council, the campus is a mixture of old and newness; the original buildings 
dating back to 1495 sit alongside a range of modern constructions, amidst land-
scaped grassy areas, paved paths and several car parks. A group of first year stu-
dents, prospective primary teachers, were invited to go for a walk across campus to 
the botanic gardens and to engage with sensory exploration of their surroundings 
(Gray, 2012). When they returned inside, they wrote down their immediate sensa-
tions from the walk: “Refreshing and colourful autumn season”; “content”, “calm 
and content”. The sensorial practice was noticeably both fulfilling and restorative 
for the self as students experienced ‘being in touch’ with their surroundings: “over-
whelmed with the connection to the environment”; “revitalised”.

It might appear preposterous, if not dangerously relaxed an approach to teaching 
to send students ‘out for a walk’ and away from indoor classrooms, the places they 
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had come to be taught. This kind of thinking is common and follows a familiar logic 
in Western thought. Formal education is expected to emancipate from trivial busi-
ness of everyday life; override family folk knowledge and personal beliefs with 
powerful and consolidated descriptions of the world. Taking this logic to its full 
expression, what we first experienced as the world, since our time in the womb and 
throughout our childhood—is ‘inverted’, and turned in upon itself: textual descrip-
tions and numerical accounts overrule the primal feeling of connection to a warm 
body. Yet, the Earth as the ‘oikos’ is indeed our family home, the warm body which 
nourishes us and that we ‘inhabit’, in a mesh of genetic, historical, and ecological 
threads. How could we resolve this tension? How could the trend be reversed?

25.2  Step Wisely in a World in Transformation

Profound transformations affecting social and ecological systems globally are call-
ing for a revision of the epistemological foundations of knowledge, the sciences 
included. Complexity and uncertainty necessitate new forms of inquiry, open to a 
multiplicity of voices, disciplines, and methods (Colucci-Gray, Perazzone, Dodman, 
& Camino, 2013). In this context, ‘Science & Technology Education Promoting 
Wellbeing for Individuals, Societies & Environments’, with its witty acronym 
‘STEPWISE’, sets the aims of science education neatly within the broader sphere of 
teaching science for citizenship (Bencze, Chap. 2, this volume). This educational 
approach invites students to act as informed citizens, who can draw connections 
between local events and global issues and are prepared to take action.

Following the muffled sound of the students’ steps into the gardens, I will aim to 
introduce a further educational dimension. I will start by exploring a ‘change of 
posture’ for knowing and learning, one stemming from deeper recognition of inti-
mate relationships between humanity and nature. ‘Stepping wise’ is conceived of as 
a way of being, ‘in touch with’ the world and unfolding … within the boundaries of 
the Biosphere. Ecological awareness can only be cultivated in one’s own body; it is 
foregrounded here as a basis for ethical action.

25.3  Living in the Anthropocene: The Material and Cultural 
Impacts of Science and Technology

Our globalization is powered by around thirteen terawatts (TW) while the flux of energy 
from the centre of the Earth is around forty TW. Yes, we now measure up with plate tecton-
ics (…). And if all humans were to be powered at the level of North Americans we would 
operate at a hundred TW, that is, with twice the muscle of plate tectonics. That’s quite a feat. 
“Is it a plane? Is it Nature? No, it’s Superman! (Latour, 2011).

In this recent essay, Bruno Latour concisely described the status of humanity on the 
Planet: the ability to transform and impact on the natural systems has become 
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immense. The last 200 years of human history have seen the growth of a powerful 
infrastructure connecting scientific and technological knowledge with financial 
powers, bringing humanity to become one of the greatest evolutionary forces affect-
ing Life on the Planet (Steffen, Crutzen, & McNeill, 2007). In this scenario, it 
becomes paramount to inquire into the socio-cultural infrastructure from which sci-
entific and technological knowledge are being developed, and raise awareness of 
their impacts, on society and supporting ecosystems.

Whilst the word ‘science’ is often used to refer to knowledge in singular form, 
the scientific enterprise comprises of a multiplicity of stakeholders; it is trans- 
national, branching out into a multiplicity of sub-disciplines, each one with its own 
purposes and methods for the investigation of the natural world. From nuclear phys-
ics to biotechnology, scientific research reached deeply into the texture and work-
ings of Nature, with narrowing research questions, specialised modelling tools and 
techniques. A profoundly diverse array of approaches is adopted to interrogate, 
interpret and intervene in the world (Kellert, Longino, & Waters, 2006), with each 
discipline presenting a discrete way of seeing and perceiving a problem and its 
solutions.

Meanwhile we are also aware of the increasing number of unforeseen conse-
quences derived from scientific and technological interventions (Harris & Sarewitz, 
2012). Scientific research and all its applications are no longer confined to laborato-
ries but they take place in environments, involving local economies, societies and 
natural systems:

Now that science has come out of the lab into the worlds of people, economies and nature, 
its effects can no longer be contained or predicted. Hence, we now live in an age of aware-
ness of ‘unanticipated consequences’, of ‘unknown unknowns’, when we simply cannot 
afford to do business or science as usual (Ravetz, 2006, p. 4).

From such recognition, a number of important considerations can follow:

On the laboratory Earth, the effects of science and technological applications are felt by all, 
each person, group or community experiencing the effects differently, at different time-
scales and different understandings.

Meantime, processes of globalization have brought into view the biophysical 
limits of our Planet (Rockstrom et al., 2009) with the related problems of ecology 
and equity (Sachs & Santarius, 2007). It is apparent that the current scenario chal-
lenges established systems of knowledge. It is a time when science and scientists 
and educational institutions alike have the responsibility to question if current mod-
els of development can effectively respond to people’s needs. Such inquiry however 
is inevitably rooted into different ways of viewing humanity on the Earth: classical 
environmental literature has depicted human communities as ‘passengers’ on the 
spaceship Earth, with increasingly more limited resources; this view calls for urgent 
and radical solutions. Conversely, consideration of the complex ways in which soci-
ety and ecological systems are coupled together and interact re-positions humans as 
‘inhabitants’ of a textured Earth, a métissage of material and biological unfolding... 
Depending on the view that is being adopted, different concerns, actions and educa-
tional possibilities can follow.
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25.3.1  Combining Power and Knowledge: Overcoming Limits 
Through Innovation

In the context of global socio-environmental change outlined above important frac-
tures and contradictions exist: despite the extraordinary amount of knowledge at our 
disposal, future expectations are challenged by complex, and apparently intractable 
problems. For instance, meeting food demands of a growing global population 
seems to be irreconcilable with environmental preservation. As reported by Julia 
Lefevre in her editorial for Science, it is difficult to strike a balance between conser-
vation and development needs, and it appears that we will be short of meeting the 
targets for biodiversity by 2020 (Lefevre, 2014).

Under such conditions, local governments around the world and international 
organisations are devoting large investments to support ‘the innovation challenge’: 
through deliberate political sponsoring, techno-scientific research is deployed to 
make ‘visible impacts’ on the social and ecological systems that are the recipients 
of innovation (Kiers et al., 2008). Proposals such geo-engineering the planet pro-
vide are some of the examples of this kind of research. The 2013 report from the 
Intergovernmental panel on climate change (IPCC) pointed out that, according to 
some climate models, geo-engineering may even be necessary to reduce tempera-
ture rises to pre-industrial levels. However, there is limited evidence of impacts of 
both Solar Radiation Management (SRM) and Carbon Dioxide Removal (CDR) on 
the climate system. In order to pursue pressing and immediate goals, the long-term 
impacts of the new, and ever more powerful technologies are not included in the 
analytical frame.

So, techno-scientific innovation is expression of a scientific enterprise entrusted 
with solving problems and taking care of the future: power over nature, control and 
urgency are its propelling narratives (Benessia et al., 2012). By appealing to ‘power-
ful innovations’, some societies hold up the conviction that ‘innovation challenges’ 
will help humanity to step out of the current ecological and socio-economical 
impasse, securing progress and better opportunities for human life. This belief is 
confirmed by recognition that humans have demonstrated great creativity in ways in 
which they have used technological, social and cultural tools to overcome resource 
limitations (Matthew & Boltz, 2012). Science is one of the greatest cultural innova-
tions of human history and, as such, it can provide attitudes of mind and infrastruc-
ture to overcome what may be insurmountable constraints.

The expectations placed upon science and technology, however, are recalibrated 
by the realisation that the gap between ecology and equity, which should be filled, 
supposedly, by innovative interventions, is not only widening, but it may actually be 
accelerating (Rockstrom et al., 2009). In a detailed analysis of impacts of geneti-
cally modified crops to alleviate world hunger, David Quist, Heinemann, Myhr, 
Aslaken and Funtowicz (2013) highlighted the long, winding path that leads from a 
stated solution to spread of unexpected outcomes. Political decisions over internal 
and external subsidies, issues of environmental quality and consumers’ choices all 
affected ways in which a new technology interplays with any specific context and 
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its rules, customs and structures. In addition, a techno-scientific enterprise of large 
proportions is required to deliver results to its commissioners. Agribusiness indus-
tries hold the economic power to sponsor research which may inform decision- 
making on quality and safety of agricultural products and practices, as well as to 
lobby policy-making to favour corporate goals (Pollan, 2011). As a result, scientific 
research that serves corporate interest, rather than public good, has become the 
norm. Such complexity poses serious challenges to scientifically-driven develop-
ment policies that are applied at a global scale. Not only is science enmeshed with 
political and economic interests but there is a growing recognition that the effects of 
a pervasive intervention, from GM crops to the construction of a large dam or air-
port will extend into the very fabric of society and workings of democratic institu-
tions. Key questions arise about modes of investigations and framing of problems, 
as well as the values and purpose of science and technology. There is a necessity to 
clarify if powerful techno-science is in fact deployed to the services of oppressive 
regimes.

25.3.2  Deploying Powerful Knowledge: Managing Complexity

Confronted with the dilemmas and limitations of techno-science operating in a 
complex world, the field of ‘sustainability science’—as a relatively new branch of 
epistemological reflection—proposes a revision of conventional, disciplinary–based 
scientific inquiry to respond more aptly to global system change. Biermann et al. 
(2012), for example, argued for more efficient ways to emulate nature in uses of 
resources and management of waste in order to implement more responsible stew-
ardship. Solutions based on modelling and collection of large amounts of quantita-
tive data on complex, socio-environmental systems are sought to foster major 
changes in production processes and individual life-styles. It is within the field of 
sustainability science that we find a growing field of studies related to sustainability 
indicators (Bell & Morse, 2008) aimed at providing policy-makers and citizens with 
tools for taking decisions and making informed choices in the face of socio- 
environmental challenges.

The field of sustainability science recognises the critical interplay between 
human culture and the current state of the Planet (Folke & Gunderson, 2012). It 
promotes research devoted to new, social and economic practices for sustainable 
living. Such goals are pursued through affirmation of predictive aspects of science: 
it is an approach based on collecting ‘solid’ data and on measurement, designed to 
preclude subjective readings of a contextual reality in order to produce objective 
and reliable knowledge. However, there are challenges coming from the variety of 
‘sciences’ to which to resort, with their different methods, languages and research 
questions (Sarewitz, 2004). Different types of science offer different solutions! A 
comprehensive view of the world as it might be derived from the abstract schemas 
built in our minds and in our disciplines may not be achieved by putting together of 
isolated, objective pieces.
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25.3.3  Revisiting Assumptions About Power and Knowledge

The problematic role of science and technology in the face of contemporary global 
issues is to do with the key question of whether such knowledge is ‘apt’ or fit to 
address global environmental change and whether it could guide people to take 
appropriate actions. Indeed, the gap that exists between the ability to penetrate the 
secret workings of nature and the impossibility to foresee system changes is such 
that some philosophers of science have elucidated a fundamental contradiction or 
paradox in our knowledge systems. Such contradiction is inherent to the cultural 
frame of modernity, which assigned to science the power to predict and to control 
the natural systems, waiting for a single, epistemically exhaustive, pristine, expert 
definition to rely upon for our future (Benessia et al., 2012). Science’s predictive 
abilities and deployment of remedial technology were privileged as the primary tool 
for shaping policies and actions, while eroding the fundamental commitment 
between humanity and nature: “this means giving up our agency as members of civil 
society and most importantly, it implies a continuous procrastination, because the 
future is in fact, irreducibly indeterminate and intrinsically complex” (Benessia 
et al., 2012, p.77). Besides, the paradox of modernity is made more acute by the 
realisation that future developments will inevitably escape determination precisely 
because of our greater power to act and transform.

So, the conventional idea of science is entering a ‘crisis’ and from such realisa-
tion we can derive interesting ways to redefine it and contextualise it. In order to 
begin to see features of a new science let’s go back for a moment to the image pre-
sented at the beginning of this chapter; it was the picture of a human being who is 
moving through a world of abstract representations: he/she is taking steps but where 
is he/she heading to? What is the direction of their errands? To err, as in the transla-
tion of the English word, contains the double meaning of ‘moving from point to 
point’ but also of getting into error/ make a mistake. So we might be running an 
errand to get to a set place or target, such is the goal of powerful innovation, but we 
may also be ‘wandering’, in an errand from alley to alley, exposed to multiplicity, 
creativity and the possibility of going wrong… All such options may coexist, in 
rhetorical plurality. Acknowledging such complexity however requires a change of 
speed, a change of posture and a change of attitude: we are turning our attention 
from describing and calculating to sensing and being sensitive to the nuances of 
contexts around us.

25.4  Embracing Complexity and Uncertainty: A New 
Science for Earthlings?

Starting from very different realms of inquiry—from philosophy to law, anthropol-
ogy, ecology, linguistics and so on—many scholars are contributing to building a 
new idea of science. Insights from complexity theory contributed to a shift from 
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Newtonian mechanics towards quantum physics, highlighting unpredictability, 
emergence and self-organisation in biological systems. The Universe was now con-
ceived as an open system, whereby notions of change, fluidity and heterogeneity 
overtook ideas of solidity, constancy and stability brought on by earlier ontologies 
(Holland, 2013). In this context, the notion of a ‘tentative science’, which progresses 
by ‘rules of thumb’, improvisation and with whatever resources are available at 
hand appeared more ‘fitting’ than the science of pre-designed plans. Deleuze and 
Guattari (1976) referred to this type of science as ‘nomadic’ to distinguish it from 
the classical, State science. If the latter is concerned with laws and description, 
nomadic science is concerned with experience, process and engagement with mate-
rials, places and context. There are in effect.

two formally different conceptions of science” the authors explain, “competing… royal 
science continually appropriates the contents of nomad science while nomad science con-
tinually cuts the content of royal science loose (Deleuze & Guattari, 1976, p. 367).

The philosophical contribution offered by Deleuze and Guattari resonates with the 
analysis offered by Alice Benessia et al. (2012) of ways in which scientific knowl-
edge has shaped our understanding of sustainability in contradictory, problematic 
ways. The authors highlighted the extent to which a linear approach to problems, 
permeated as it were by the modern framework of royal science, set humanity on a 
path of over-reliance on statistics for risk assessment and cost-benefit analysis, con-
tinuously chasing a schema for reproducing the world as a fixed and predictable 
entity. With the intention of casting light on such contradictions, the authors uncover 
“the inherently modern divides such as the ones between facts and values, reason 
and passion and between knowledge and experience” (p. 75). The proposition is to 
implement a variety of approaches to knowing that could help overcome the modern 
predicament by bringing forth new kinds of “hybrid knowledge and practice… 
through extended participatory processes” (p. 76).

Arguably, such a proposition is profoundly associated with experiences of every-
day living in this age of globalisation. Following Bruno Latour (2007), all ‘matters 
of fact’ or objects have become ‘matters of concern’ or things, that is, “issues, gath-
erings, assemblies of some sort” (p. 6). In this view, he continues, what matters is to 
understand and recognise the nature of the relationships that brings such assem-
blages together, legally, scientifically, religiously or artistically: “politics is not a 
domain, is a type of relation” (p. 8). Indeed, as Latour continues, the epoch in which 
we are living is the epoch of total interdependence and transformation of humans 
and nature: “every product, every biological species, every packaging… along with 
every river, every glaciers and every bug…” (p. 9). In this view, the Earthlings as 
inhabitants of the Earth have the power to bring forth the politics of the Earth by 
virtue of relationships and interdependencies: in a world of assemblages, no hard 
distinction can be made between issues pertaining to different stakeholders. What 
counts is the multifaceted human experience which brings people together around a 
shared concern. Issues arise because of our inherent complicity and by the same 
token, they can be addressed and transformed through sharing of experiences and 
reciprocal empathy (Colucci-Gray et al., 2013).
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Such considerations challenge the idea of science speaking truth to policy. 
However, by rejecting the conventional idea of science as fixed and reliable knowl-
edge, we may find ourselves left empty-handed, caught in between the impossibility 
to achieve a comprehensive view of the world and the prospect of relativism, where 
anything goes. The task is, thus, to proceed with clarifying further what other 
dimensions of knowing, beyond the cognitive and the factual, may be involved, 
when trying to step wisely, into an ever changing world.

25.4.1  The Primacy of Movement

In light of contributions provided by philosophy and sociology of science, we can 
see quite clearly the troubles of humanity in the Anthropocene. Canonical knowl-
edge often does not match with experience on the ground, and this recognition 
would apply to the realm of sustainability issues as much as it does to the realm of 
school curriculum more generally and science education in particular.1

Overcoming what was outlined earlier as the dualism of either holding consoli-
dated knowledge or falling into chaos requires overcoming what a range of authors 
and thinkers—from philosophy, to anthropology, linguistics and more recently neu-
rosciences—have referred to as the split between the mind and the body, knowledge 
and experience, objective and subjective. Returning to the argument set out at the 
start, the case for a re-inversion is being introduced: the man with the head inside a 
schema is stretching and turning outwards…head and body together, into the 
world….

It may appear ironical to make a case for retuning the head to the body as if they 
were separate parts. Yet this condition of ‘separation’ (or ‘inversion’) is not strange 
to mankind. In an essay focussing on ‘walking’ as a dimension of human develop-
ment, traceable across cultures at different times and in different environments, the 
anthropologist Tim Ingold points to the anatomical changes inscribed first in the 
bodies of humans as compared to other apes, and secondly in the bodies of different 
human populations, as a result of differences in the ways each species and then 
cultures inhabited their own environment (Ingold, 2011). Reflecting on Charles 
Darwin’s description of the human figure, Ingold emphasizes Darwin’s remarks on 
the relative and hierarchical position of the hands and the feet: man could not have 
attained his dominant position in the world without the use of his hands now freed 
from the task of locomotion. And as the story goes, “Marching head over heels – 
half in nature, half out – the human biped figures as a constitutionally divided crea-
ture” (Ingold, 2011, p. 35).

1 The problem of relevance of science content for everyday life has been addressed by many schol-
ars in science education grappling with conflicting aims for science education and curriculum 
design (see Aikenhead & Mitchell, 2011; Hodson, 2011; Priestley & Biesta, 2013; Reiss & White, 
2014).
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At the time of Darwin, already the differences between the anatomies of the 
Western man, a city dweller, walking with booted feet on paved surfaces were 
known to anthropologists and biologists alike. Indigenous populations, for example, 
had not lost their abilities to use their feet more skilfully than simply as a standing 
support. No real hierarchy or superiority was established between feet and hands, 
hands and brain. The point Ingold wishes to make is to help us recognise that con-
nections exist between the world of experience and the realm of cognition: it is the 
direct, physical interaction with the world that gives rise to our mental schemata. 
But there is more to this.

We often resort to the idea of walking to express other experiences that are 
abstract, difficult to put into words: walking can be used as a metaphor for our life 
often compared to a journey, and how we grow and learn as a result of living and 
being in the world. Hence far than simple locomotion, walking can be equated to the 
extended and life-long process of experience and learning. In this sense, in the 
world of booted feet inhabited by city dwellers, living amongst landscaped gardens 
and square buildings, walking equates to striding across the streets to reach a desti-
nation. “Between them, the boot and the chair establish a technological foundation 
for the separation of thoughts from action and mindfrom the body – that is the fun-
damental groundlessness so characteristic of modern metropolitan dwelling” 
(Ingold, 2011, p. 39). It is perhaps not so difficult to see similarities with the world 
of formal education, combining ‘learning on the chair’ with utilitarian values, such 
achieving goals and destinations… even if they may prove disconnected from real 
life necessities. It is also now possible to build a perspective on the experience of the 
students mentioned in the opening of this chapter, who were exploring new ways of 
learning and being while walking in the familiar, urban environment.

Delving a little deeper into ‘walking’ as a form of knowing we can see how the 
world of bare feet, contrasted by the world of the booted foot, is the world of light 
stepping, of ongoing direct experience: of finding a way, sensing and adjusting to 
the terrain, a process of learning akin to Deleuze and Guattari’s notion of nomadic 
science. A body that walks, slowly, is also a body that encounters the world, and in 
so doing, learns, interacts and produces a view of what the world is like. Drawing 
on insights offered by phenomenology, Ingold details aspects of the importance of 
direct, physical experience—mediated by a range of tools—in shaping our percep-
tion and, thus, what becomes part of our cognitive repertoire. So in order to ‘step 
wisely,’ we must understand the technology of how we walk; thus, how we learn, 
and how we approach the world; dextrously and lightly was the option followed by 
our ancestors and which propelled our evolution on the Earth surface. I now turn to 
provide more detail about the significance of such an approach for cognition and 
learning.
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25.4.2  Experiencing the World Through Language

Drawing upon the philosophical branch of phenomenology, Bruno Latour extends 
the notion of experiential knowing (and learning) by returning to the writings of 
William James (1996): the ‘physical, or bodily experience is conceived of as a 
proper and different form of empiricism which is understood much more broadly 
than what traditional, reductionist science had confined to the definition of objects, 
without relations. As James summarised:

Propositions, copulas and conjunctions, ‘is’ ‘isn’t’, ‘then’, ‘before’, ‘in’, ‘on’, ‘beside’, 
‘between’, ‘next’, ‘like’, ‘unlike’, ‘as’, ‘but’, flower out of the stream of pure experience, 
the stream of concretes or the sensational stream, as naturally as nouns and adjectives do, 
and they melt into it as fluidly when apply them to a new portion of the stream’ (James, 
cited by Latour, 2007, p. 95).

What brings such disparate fields together is the notion of knowing in interaction 
with nature, and in which nature is not a fixed entity but a system of relationships, 
exchanges and ongoing, mutual transformations. Understanding a fully, contextual 
experience of one’s being in relation with the many facets of the cosmos is the fun-
damental step of knowing as ‘inhabitants’ of the Earth or ‘Earthling’: conjunction, 
prepositions provide the material out of which our experience is woven. An interest-
ing feature of William James’ empiricist account of world perception is the aesthetic 
quality associated with knowing and learning. Walking or journeying both physi-
cally and metaphorically is a material experience—that is—a moment of encounter 
with what is important, or salient to us. Current understandings of human evolution, 
for example, describe human behaviours as responses that do not come simply from 
external stimuli, but are rooted into early physical experiences, which have a role in 
the development of memory and language. So the words we produce are tools 
through which we express what the body perceives and such words retain in them-
selves the germs of an earlier experience in a place of relations, both human and 
non-human. The linguistic dimension is often at the core of debates amongst schol-
ars who draw upon the philosophical insights of agential realism (Barad, 2007) and 
post-structuralist, feminist epistemology (see Ahmed, 2008). I am not entering into 
details about the nuances of the debate. It is important to specify, however, that 
language is not treated here as a tool for representing or mirroring cognition, but as 
a tool that is integral to the process of perception and associated meaning-making. 
Thus, language constructs our understanding of matter and it is through language 
that matter becomes salient to the self.

Besides, by means of the multiplicity of such experiences and the fluidity of 
neural connections, words are only ‘fixed’ to the extent to which we wish them to 
define them within particular parameters; more realistically, we find that words and 
gestures to express particular concepts are often unstable due to the many different 
types of experience that may be at the roots of their creation. We make full use of 
such faculty in the production of metaphors but also in our usage of analogies, 
 verbal organisation of ideas and non-verbal gestures and movements. We might 
argue that by means of this ability of transferring and mapping a domain of 
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 experience onto another domain we are able to give meaning to new situations: thus 
we are able to respond to novelty and produce new knowledge, drawing on meta-
phors retained in language, including the language of science (Aikenhead & 
Mitchell, 2011; Brown, 2003).

Most crucially, this discussion suggests that scientific knowledge is not simply 
‘given’ but it is continuously produced in the act of the subject being ‘introduced’ 
to the world; knowledge is not ‘something’ to be acquired; knowledge equates to 
‘knowing’ itself, unfolding at the point of contact with the world; for such reason 
knowing is always contingent and inherently temporary. Equally, the act of knowing 
can be qualified through the relationships that are established between the knower 
and the world. Far from being simple spectators, we can become participants in the 
world with a role in its making and with a degree of responsibility for how and what 
we know.

25.4.3  From Describing the World to ‘Leaving a Trail’…

The extensive body of research that is currently available on pre-eminence of body 
in cognition and language points to the primacy of movement versus vision and 
perception. Such a distinction—or ‘inversion’—is critical to this argument. The 
world of experience is a world in perpetual flux and actions of an organism are more 
akin to movement of improvisation rather than controlled, logical, algorithmic steps 
of a machine. Indeed in order to understand how the organism orients itself into the 
world we need once again to look more attentively to the body. Important connec-
tions are found between physical perception (rather than simple vision), language 
and emotion (Damasio, 2012). For example, emotions such as ‘interest’ and ‘atten-
tion’ are powerful means for directing the self towards particular encounters. 
Equally, emotions play a role in the retrieval of past experiences from the memory. 
So the emotional quality of an event which comes to be perceived is paramount to 
the person’s knowledge of the world.

Recognising the role of emotion in perception contains some important lessons 
for education and science education in particular. In the first instance, the idea that 
our learning can be ‘biased’ by an emotional state in which we may find ourselves 
is well founded. The common response to this state of affairs is ‘normally’ to remove 
emotions in order to try and process information objectively. From a knowledge 
point of view however, emotional states can be generated and accounted for to 
enable the individual self to explore, to become ‘interested’ in the world and thus 
develop a connection that will lead to knowing. Deleuze and Guattari recover the 
word ‘affect’ to express more powerfully that emotional states are in fact affective 
states, that is, they are connected to the fundamental ability of the body to act.

At a basic level, experiences of teaching practice may confirm how the introduc-
tion of fun elements can aid to a better climate for learning, positive dispositions 
and even recall of information. At another level, generating an emotional response 
may challenge the conventional opposition between subjectivity and objectivity, 
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suggesting that rather than obstructing rational thought, emotional states enable rea-
soning to occur in the first place through affective, inter-personal connection. 
Indeed, it appears that an organism can recognise an optimal range of operation: 
“optimal ranges express themselves in the conscious mind as pleasurable feelings; 
dangerous ranges as not so pleasant or even dangerous feelings” (Damasio, 2012, 
p. 55). In addition, what is at stake in triggering emotional states is not simply recall 
of an immediate feeling but possibilities for raising consciousness about ourselves 
and the quality of relationships we establish with other people, places or events at a 
particular time. If metaphors retain an element of an earlier experience, emotional 
expressions can provide a means to understand the essence of that experience.

Ostensibly one of the greatest challenges when looking at the world of science 
education through lenses of movement is recognition that an organism that is ‘in the 
world’ will be exposed to consolidated knowledge encapsulated in nouns that may 
no longer have any connection with the original experience. Science educators have 
recognised the extent to which metaphors produced by teachers or scientists often 
contradict experiences of the child, cause confusion, and do not make sense to the 
learner. Hence, there is an important role for science educators and researchers alike 
to promote direct encounters with the natural world to which we can respond in 
inter-action as well as in intra-action (Barad, 2007), by letting the experience reso-
nate emotionally inside us for no separation exists between ourselves and the world. 
The world is unfolding not only before us but ‘within us’ and ‘with us inside it’, and 
it is a world of verbs and agents, colours, smells and emotional responses. What is 
involved in the production of a conscious mind is a series of images: “the self comes 
to mind in the form of images, relentlessly telling a story of such engagements” 
(Damasio, 2012, p. 203).

At this point, we can fully appreciate effects of making a case for ‘inversion’. 
The human self has changed from its closed-in figure, separated against the back-
ground, to a layered or threaded process, with each thread telling something of 
places and encounters, which are genetic, sexual, linguistic, social, and which are 
experienced and re-told by each and every gesture. Identities are fluid, co- constructed 
in a field of materiality on which we depend and to which we become ‘sensitive’. 
From such a shift, other significant moves occur in the way we look at science lit-
eracy and learning. Very differently from the idea of accumulation of factual infor-
mation, learning science can be more akin to a form of literacy and story-telling, an 
explication and re-telling of our activities in the world. Learning leaves a physical 
trail on ourselves, as well as on the path upon which we travel… what is the story 
that we tell? What relationships have we established? Could this be the beginning of 
ethical development?
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25.5  Living on the Earth: Interrupting Given Schemas 
and Re-connecting with Experience

The insights derived from the range of scholarly contributions illustrated earlier 
point to a view of knowing and learning that is profoundly subjective on the one 
hand and cultural on the other. Drawing on contributions derived from embodied 
cognition, we can observe acts of knowing as moments of encounters between the 
subject and the world ‘out there’; yet we are conscious that such encounters have no 
clearly-defined boundary—as our subjectivities and perceptions are continuously 
affected by flows of neural and material connections which make for our continuous 
‘coming and becoming’ into the world (Biehl & Locke, 2010). In this view, our 
movements and actions into the world are just one amongst many paths and possi-
bilities for interaction and for exchanges. Underscoring Deleuze’s notion of “becom-
ing”, Biehl and Locke repeatedly refer to ‘action’ and ‘learning’ as movement 
across emotional, social, and experiential registers.

Arguably, however, there are trajectories of material experience that bring us 
progressively further away from the fabric of nature’s time and nature’s flows, thus 
reinforcing dualist schemas and view of nature as fixed and ‘out there’. A number of 
authors have pointed to the phenomenon of ‘psychic numbness’ to refer to inabili-
ties of people living in the Westernised, urban world to perceive with the senses. 
Robert Michael Pyle (1993) described the state of personal alienation from nature 
due to lack of exposure and physical contact. Yet, there is also a perceptual difficulty 
due to the inability to focus on detailed observations at a slow pace as we are con-
tinuously over-stimulated by fast imaging and engage with technologically- 
mediated experiences (for a more detailed explanation of the process of 
overstimulation and attention fatigue see Kaplan & Kaplan, 1989). As Bill McKibben 
(2005) points out, we are faced with a curious paradox. In the course of a couple of 
generations, our species has managed to powerfully raise the temperature of an 
entire planet but, as odd as it may seem, it has not bared within us: “We can register 
what is happening with satellites and scientific instruments, but can we register it in 
our imaginations, the most sensitive of all our devices?”

Now, let’s go back to the image of the students in the gardens. Within the slow-
ness of life unfolding in the gardens, some students ‘saw everything within the first 
ten minutes’, detached, and moving as ‘spectators’/onlookers in the world. It is stark 
the contrast with the ones who trailed across the cold air in the autumn sun and were 
aware of themselves and their perception “the weather affects what I see”, and 
through the physical encounter felt the “excitement of experiencing the unknown”.

In light of the discussion conducted so far, it is crucial to recognise that learning 
is not simply describing or acquiring nominal knowledge about ‘something’. Rather, 
learning is more akin to a process of ‘becoming’ as we trail through the mesh of 
everyday interactions with natural, social and materials flows. Under such condi-
tions, scholars working in the field of environmental education have stressed the 
importance of re-connecting with nature to restore ability to be sensitised to nature, 
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develop an intimacy with it and learn not only about nature but to register the pres-
ence of nature as a constitutional element of ourselves.

The notion of a narrative self, as outlined so far, that is always on the cusp of 
becoming, makes it possible to reinterpret ideas of civic ‘participation’: it is not 
only the act of political consensus or dissent, or the practice of democratic ideals, 
but it is the moment of tuning in with other beings by means of the emotional, physi-
cal and material stories that connect ourselves with other people. To participate in 
social life equates to being conscious of how ‘our stories’ are made possible or are 
prevented by the stories and the lives of others…

This idea resonates with the insightful notion of ‘pedagogy of dislocation’ 
(Edwards & Usher, 1998) whereby “location” is used as a metaphor to foreground 
the notion of (re)positioning and being (re)positioned. Edwards and Usher point to 
“moving” quality of any location and consider the part globalisation has played in 
recasting the significance of location in the contemporary condition. In this sense, 
as human creatures we are embedded in a planetary web of material and energy 
flows that connect our everyday living with global material cycles and the lives of 
people both near and distant from us. I, thus, suggest that there is a greater role for 
education to interrogate the nexus of material assemblages that satisfy our demands 
on the one hand and cause depletion and disparities on the other.

Taking wise steps in the face of uncertainty is more than just ‘protecting’ nature 
or an act of ‘conservation’ made by some altruistic or enlightened minds. Education 
and science education in particular must create opportunities for exploring the capa-
bilities of the narrative self across a range of material relationships afforded by the 
digital, social and the natural world. This might well be another form of resistance 
to the neoliberal forces and the enforced trajectories of material production and 
consumption; find spaces whereby such trajectories are being interrupted and dis-
close new imaginations for living, within the boundaries of the Earth.

25.6  Final Remarks

The reformulation of thinking in science toward a more holistic view of the world 
and an awareness of intimate relationships between humanity and nature is allowing 
for a re-composition of knowledge to include cognitive, emotional, linguistic and 
ethical aspects and, arguably, also spiritual ones. Experiences of direct engagement 
with a world more than human are at the basis of the cultural heritage of human 
civilisations across the world: ancient stories and myths recount the good and the 
evil of mankind as a shared, universal experience. In this sense, informed or ‘intel-
ligent’ action is not simply the technical outcome of being ‘informed’ by facts or 
evidence. It is an interpretive action that is intuitive, cultural and connected to ear-
lier emotional encounters with Nature; such experiences can support and nurture the 
ability for self-identification with other life forms capable of emotions.

Science inquiry, in particular, offers opportunities to tap into a multitude of inter-
pretive schemes, each one shaped by the physical, material and temporal experience 
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of the knower. In this way, the type of education we are advocating is not dissimilar 
from what Bencze (Chap. 2, this volume) refers to ‘students/citizens that are capa-
ble of engaging with ‘praxis’ (e.g. primary research), dissent and conflict. However 
it is also radically different from an approach to research which excludes the self 
and its internal world. Critical, ecological awareness, I argue, is deeply embedded 
in the multiplicity of embodied experiences that account for the possibility of human 
existence, shape humans’ ability to self-restore but, most significantly, explore ways 
for living from within the boundaries of the Biosphere (Colucci-Gray et al., 2013).

A sustainable approach to life on the Planet, therefore, requires a fundamental 
revision of established views of science knowledge as a body of truths to recover the 
profound connections between the body and the Earth, the life-giving soil and life- 
swelling ground.

In this view, it is possible to appreciate the contribution given almost a century 
ago by thinkers such as Gandhi and his followers, Vinoba and Kumarappa, who 
marched to re-claim the land for the people, seeking to integrate science, economics 
and ethics (Colucci & Camino, 2016; Ninan, 2009). More than a century ago, 
Gandhi summarises his view of development as “living simply, to allow other peo-
ple to simply live”. Science and awareness of oneself should always progress hand 
in hand.
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Economics isa social science; complex economic phenomena 
can seldom be understood if presented in a vacuum, removed 
from their sociological, political, and historical contexts. To 
properly discuss economic policy, students should understand 
the broader social impacts and moral implications of economic 
decisions

(International Student Initiative for Pluralism in Economics, 
2014).

Audrey Groleau and Chantal Pouliot have contributed equally to this chapter.

From economics…

In September 2013, a book entitled Le capital au XXIe siècle (Piketty, 2013) was 
published in France. An English translation under the title Capital in the Twenty- First 
Century came out approximately six months later. By June 2014, some 150,000 
French copies and 400,000 English copies had been sold (Jaxel-Truer, 2014). This 
book presents a historical, empirical and comparative study of the rise in economic 
inequality. In addition to documenting the unequal distribution of wealth, Piketty 
aimed to identify modes of social organization, institutions and public policies that 
could lead to fairer democratic societies. Of particular interest for the purposes of this 
chapter, Piketty presents the dual notion that: 1) underlying the growing economic 
inequality is a history of the distribution of wealth which “has always been deeply 
political, and… cannot be reduced to purely economic mechanisms.” (p. 20); and, 2) 
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the dynamics of inequality are “shaped by the way economic, social, and political 
actors view what is just and what is not, as well as by the relative power of those 
actors and the collective choices that result” (p. 20).

On May 5, 2014, one month after the publication of the English translation of 
Thomas Piketty’s book, twenty-two1 associations of economics students signed an open 
letter calling for a renewal in ways in which economics is taught at university. The sig-
natories, supported by over eighty economics researchers, professors and practitioners 
(including Thomas Piketty), denounced narrowing of curricula and called for greater 
pluralism in theoretical perspectives taught. The latter, they stated, should include neo-
classically-based approaches as well as the post-Keynesian, institutional, ecological, 
feminist, Marxist and Austrian traditions, among others, and should address “the multi-
dimensional challenges of the 21st century – from financial stability to food security 
and climate change” (International Student Initiative for Pluralism in Economics, 2014).

… To science education

Science education must not be blind to economic dimensions to which it contrib-
utes and by which it is influenced. This is the position expressed by the authors of 
the collective work entitled Activist Science and Technology Education (Bencze & 
Alsop, 2014), which points to needs for deep-rooted change, “tak[ing] more seri-
ously wider social, political, economic and environmental contexts in which our 
practices reside and also seek to resist and influence” (Alsop & Bencze, 2014, p. 2).2

In this chapter, it will be seen that, in discussing development and commercial-
ization of nanotechnologies in the context of a game aimed at encouraging socio- 
political discussion in the area of techno-science, the student participants brought 
up some of the economic aspects of the subject under discussion. More specifically, 
the participants referred to limited access to benefits of nanotechnologies, unequal 
distribution of their costs and benefits, risks of offshoring factories and exploiting 
child labour and development of medical treatments for profit. We begin the chapter 
with a presentation of the group discussion game, Decide, illustrating that it shares 
several democratic values with STEPWISE.  We then briefly describe the socio- 
political context of the study. Next, we illustrate, through excerpts of the partici-
pants’ conversations, how these students expressed their views regarding some 
economic aspects of the controversy surrounding development and  commercialization 
of nanotechnologies. We conclude by discussing contributions that Decide may 
bring to STEPWISE.

1 As of January, 2015, this number had risen to over 65 associations.
2 Similarly, the authors of Risky Business, published in June, 2014, provide arguments for those 
who maintain that if science education aims to promote a nuanced and deeper understanding of 
socio-scientific problems, it cannot disregard the economic and political issues involved (Risky 
Business Project, 2014). In this report, influential authors Michael R.  Bloomberg, Henry 
M. Paulson and Thomas F. Steyer strongly urge business leaders and investors to play an active role 
in public discussion (p. 47) and support an aggressive push to bring down carbon emissions.
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26.1  Decide: A Game that Prompts Discussion on Inequality 
and Legitimizes These Discussions

Decide is a group discussion game that broadly shares STEPWISE orientations. 
First, Decide is distributed under a Creative Commons License (Attribution—Share 
Alike 3.0 Unported), which means that it is highly accessible and shared free of 
charge in an altruistic spirit. The user is granted several rights: the game can be cop-
ied and adapted as needed, provided that it is attributed to the author or licensor. It 
can also be distributed (in its original or adapted version), but only under the same 
license terms. Second, the game’s instructions give the players a great deal of leeway, 
both in terms of the form the discussion will take and its content. For example, the 
players can focus on any particular aspect of the controversy that they consider to be 
essential, or exclude any aspect that they deem to be less important. Moreover, the 
game cards invite the players to consider, in the course of their reflection and discus-
sions,  the well-being of individuals, societies and environments. Lastly, not only 
does Decide invite players to discuss various issues that often are overlooked in sci-
ence and technology education, but it also legitimizes these discussions. For exam-
ple, there are game cards that explicitly ask questions relating to the uncertainties 
involved in the controversy under discussion, respect for human rights, pertinence of 
public engagement in these debates and in socio-political decision-making pro-
cesses, costs and benefits associated with the development of new technologies, and 
different types of inequality (inter-generational; between rich and poor countries; 
between humans and non-humans).

The fact that it ends upstream of any concrete action is a criticism that can be 
levelled at uses of Decide as a pedagogical tool in the science classroom. In this 
sense, although it can fit into a STEPWISE approach and contribute to the 
achievement of STEPWISE goals, it does not, in itself, constitute such an 
approach because it does not aim to lead to action. In order for this pedagogical 
tool to draw closer to STEPWISE goals, it could, for example, be used as a start-
ing point to help students identify significant issues underlying a controversy, 
pinpoint those that interest them in particular, and form an informed opinion 
about them.3 The students could then be asked to pursue their own investigations 
and engage in social action. It would also be possible for students who are 
already familiar with Decide to put together a game kit on a current or local 
socio-technical controversy that interests them and put it online, or organize ses-
sions of the game with members of their community. In this case, the social 

3 It was based on this perspective that Romain Martiny developed a Decide game kit on the contro-
versy surrounding the presence of metal dust in the central neighbourhoods of Quebec City 
(Martiny, 2015), which he then used in the chemistry classes that he taught in a pre-university 
college program. In addition to appropriating the controversy and learning about the socio-political 
and economic contexts surrounding it (Pouliot, 2015), the students were asked to give their opinion 
on actions that could be taken by the actors concerned. They were also invited to watch an excerpt 
from a television show addressing the issue of metal dust and take a stand on the nature of citizen 
expertise as well as the ins and outs of the economic arguments put forward by the Port of Québec.
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action taken by the students would be to create a Decide game kit, make it 
available, and use it as tool to raise awareness of and foster citizen involvement 
in the controversy in question.

26.1.1  Goals and Rules of the Game

Decide is a group discussion game that aims to help players become more fully 
acquainted with current socio-technical controversies. Distributed free of charge 
by the FUND organization and accessible online in PDF format at www.play-
decide.eu, Decide is based on the Democs group discussion game.4 However, it is 
not played online. It must be printed on paper or cardboard. While the recom-
mended number of players is four to eight, we observed that sessions involving 
three or four players usually turned out to be the most productive and the most 
agreeable. Several versions of the game are available—in several different lan-
guages (e.g., French, English, Italian and Portuguese) and exploring various 
socio-technical controversies (e.g. orphan drugs, biomedical tests or climate 
change). At the time of writing, there were 32 kits available in English (see 
Appendix for a list).

Each game session involves four phases: a preparation phase and three in-game 
phases (information, discussion, and shared group response). The  preparation 
phase involves preparing the material (printing up the kit and cutting out the cards) 
and consulting the rules of the game, which are simple and quite flexible. The first 
phase of the game itself (the information phase) lasts approximately 30  min. 
Essentially, the players learn about the controversy by reading four possible policy 
positions on the controversy, as well as cards explaining some of the issues involved. 
One set of cards, called the Story Cards, present the point of view or story of ficti-
tious individuals, bringing out different aspects of the socio-technical controversy 
under discussion. These fictitious individuals might be business owners, researchers, 
religious leaders, etc. There are also Info Cards presenting definitions, statistics, cur-
rent or future applications of the technology, etc. Lastly, the Issue Cards invite the 
players to think about various issues surrounding the controversy. These cards pres-
ent thought-provoking questions, quotes and various points of view. The players read 
several of each of the types of cards and select those they consider to be the most 
significant, which they then summarize for their co-players. The second phase of the 
game invites the players to discuss the controversy (for approximately 30 min), 
either taking turns or choosing an open discussion format. If they wish, they can refer 
to the Story Cards, Info Cards and Issue Cards to back up their arguments. During 
the third and last phase of the game, the players try to formulate a shared group 
response (this phase lasts approximately 20 min). The players reread the four policy 
positions presented during the information phase and can add others as they see fit. 

4 Democs was created by the New Economics Foundation (NEF) and aims to foster discussion on 
public policies.
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They then vote individually on all four policies. Lastly, they negotiate and attempt to 
find some common ground, without necessarily having to reach a consensus. It is 
possible to upload the results of the game session on the Decide web site.

26.2  Socio-political Context of the Study

The discursive interactions presented below were produced as part of Audrey 
Groleau’s doctoral research, conducted at Université Laval under the supervision of 
Chantal Pouliot. These interactions were recorded during two play sessions of the 
group discussion game Decide, focusing on controversies surrounding development 
and commercialization of nanotechnologies. Each session took place in French and 
involved three to four participants,5 all of whom were planning to become teachers, 
were in their last term of a pre-university college program and were enrolled in a 
sociology of science course.

The empirical component of this study was undertaken in spring 2012 during a 
major student strike protesting an increase in tuition fees that had been announced by 
the provincial government. The strike mainly called for a more equitable distribution 
of wealth among individuals and between generations. In other words, as pointed out 
by André Drainville (2013) and André Frappier, Richard Poulin and Bernard Rioux 
(2012), it represented a resistance movement against the neoliberal economic system 
in place. These events coloured discussions of one of the teams of participants, who 
referred to this situation when backing up their opinions during the game.6

26.3  The Participants Discussed the Controversy 
Surrounding Nanotechnologies in Economic Terms

Using Decide in the classroom creates an opportunity to discuss, among other pos-
sible subjects, the controversy surrounding development and commercialization of 
nanotechnologies and to explore the various issues involved, including economic 
issues. In the play sessions discussed here, the students brought up the disparities 
between the rich and poor. In particular, they shared their views on the offshoring of 
factories, the exploitation of child labour, the priority given the well-being of 
Western societies over the common good of all, and profitability.7

5 For a total of 7 participants: 6 female students, 1 male student; 5 participants planned to become 
elementary school teachers, 1 a phys. ed. teacher, and 1 did not specify the teaching level or 
discipline.
6 The excerpts in question are not presented in this chapter. It should, however, be noted that they 
referred to the ability or inability of citizens to become involved in controversies that concern 
them.
7 It should be noted that some of these issues are not addressed in the game kit.
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26.3.1  Limited Access to Products and Services Allowing 
Individuals to Benefit from Nanotechnologies

In the following excerpt, the members of the team expressed their views on the possible 
application of nanotechnologies aimed at reversing, or at least slowing down, the aging 
process among humans. They predicted that only wealthy individuals would likely 
benefit from access to this application. They associated this privilege with a form of 
discrimination that would lead to a widening in the wealth gap between individuals and 
between the populations of different socio-political regions.

 Rosalie8:  Yeah, well, that [the nanotechnology application making it possible to 
slow down the aging process] is going to lead to discrimination. Because, 
like it said in here [in my cards], it’s going to be really expensive.

Charlotte: True.
    Rosalie:  It’s not going to cost ten dollars to make yourself younger. Plastic surgery 

is already really expensive.
    Alice: It’s going to cost a [inaudible].
Charlotte:  Just imagine! Having yourself made younger, it’s going to cost an arm 

and a leg!
    Rosalie: Yeah, only rich people will be able to afford it.
Charlotte:  Super rich and powerful men, they’re the ones who’re going to have them-

selves made younger.9

    Alice:  And that’s going to widen the gap between the rich and poor and between 
countries too.

    Rosalie: Right.
    Alice:  Not every country is going to have …It’s going to be more common in the 

West. In the East, you won’t see much of that.
Charlotte: True.

26.3.2  Unequal Distribution of the Costs and Benefits

Later on in the discussion, the members of the same team referred again to the idea 
that inequalities between the populations of various socio-political regions10 could 
become more pronounced as a result of development and commercialization of 
nanotechnologies. Xavier mentioned the unequal distribution of the social, eco-
nomic and medical costs and benefits associated with development of these tech-
nologies. In other words, the following excerpt expresses the view that the 
development and commercialization of nanotechnologies will take place to the det-
riment of the populations in Southern countries.

8 These excerpts have been modified slightly for readability. The names of the participants have 
been changed to preserve their anonymity.
9 Although it was not the aim of this chapter to address the way the participants described the indi-
viduals that would have access to the benefits of nanotechnologies, Charlotte’s comment appears 
significant as she associates wealth, power and masculinity with the elite who would benefit from 
nanotechnologies.
10 Here, it is a question of opposition between the countries of the North and South rather than 
between the East and West.
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  Xavier:  Nanotechnologies are going to be exclusively available to a certain 
population.

 Alice: Yeah.
X   avier:  Probably the people in the North, you know, the people in the South aren’t 

going to benefit from them. In fact, they’ll probably be the ones to pay for 
them – they’ll pay with their labour and also, I don’t know, maybe it’s going 
to be discovered that, to produce nanoparticles, you need a particular min-
eral that’s really rare.

 Alice: Yeah.
   Xavier:  And this mineral will only be found in mines in theSouth. So you’ll have 

firms that go there specifically to exploit platinum or whatever, and it might 
be really rare. We don’t really know. But I think there’s a risk that the gap 
between the rich and poor will just get wider.

Rosalie: For sure.
   Xavier:  …in a really big way, I mean, in terms of who gets priority and who gets the 

rights
 Alice: Yeah.
   Xavier:  Some people will get the rights. So there will be more than just a wealth gap, 

there will be a gap in terms of who gets the exclusive rights.
 Alice: That’s true.
   Xavier:  Sothis personhere will be able to live well, you know, have access to a par-

ticular treatment –thisperson will benefit from it, butthatperson won’t.
 Alice: This person will benefit but others won’t.

26.3.3  The Risk of Offshoring Factories and Exploiting Child 
Labour

Decide consists of cards containing questions that aim to launch a conversation about 
specific issues related to a given controversy. The next excerpt corresponds to the fol-
lowing questions: “Could nanotechnology widen the poverty gap? Might strict regula-
tions in the West cause manufacturers to move to poorer countries, forcing people there 
to deal with hazards that are prohibited here?” The members of the second team argued 
that development and commercialization of nanotechnologies could lead to the offshor-
ing of factories. They drew parallels between nanotechnologies and the textile industry, 
which has set up factories in Asia. They referred to the fact that the cost of labour is 
lower in Asia and also denounced the fact that children are made to work there.

Florence:  For sure, it’s always like that. I’m a little pessimistic, that’s just how I am, 
but I think humans are sort of screwed up. I’m sure that if regulations are 
put in place here that aren’t put in place in other countries…

  Olivia: They’re going to go…
Florence:  …well, it’s going to lead to the same thing, they’re going to leave, like they 

do now, say, if they aren’t allowed to exploit, you know, when they make 
jeans, for example.

  Olivia: Yeah, they’re not allowed.
Florence: So they go into companies, say, in India, and it costs them…
 Emma: Yeah.
Florence:  …almost nothing in labour. They go there to exploit young children and 

then they come here and sell us their jeans at crazy prices and line their 
pockets with the profit.

 Emma: True.
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26.3.4  Development of Medical Treatments for Profit

Emma, Olivia and Florence referred twice to the idea that economic profitability 
is one of the main criteria when it comes to choosing which medical treatments 
will be developed by the pharmaceutical industry. In one of these excerpts,11 the 
participants compared two different diseases, one that mainly afflicts rich popula-
tions, namely cancer, and another, AIDS, which mainly afflicts less economically 
privileged populations. They predicted that, while considerable effort will be 
made to find a cure for cancer, the same will not be true when it comes to finding 
a cure for AIDS.

 Olivia:  Well, it’s true that we’ll find a cure for cancer, but we won’t find a cure for 
AIDS. Because that won’t giveusanything. It’s the children in Africa who 
have AIDS and we could care less about them.12 We want to benefit. We 
want to make a profit so we’re going to find a cure for cancer. The people 
who can afford it will pay, so…

Florence: Yeah, exactly.

26.4  Concluding Remarks

In this chapter, we set out to demonstrate that Decide is coherent with an approach 
based on STEPWISE as it provides the opportunity to address the well-being of 
individuals, societies and environments. To this end, we examined excerpts of con-
versations on socio-economic themes in which the participants were critical of cer-
tain issues relating to the development and commercialization of nanotechnologies. 
In particular, the participants discussed the limited access to products and services 
allowing individuals to benefit from nanotechnologies, the unequal distribution of 
the costs and benefits of these technologies, the risk of offshoring factories and 
exploiting child labour, and the development of medical treatments for profit. One 
of the pertinent contributions of Decide with regard to the philosophical and peda-
gogical aims of STEPWISE certainly lies in opportunities it provides participants to 
discuss development of techno-science while considering, in the words of Larry 
Bencze and Lyn Carter (2011), that “[w]ealth and wellbeing are funneled towards 
traditional elites, typically at the expense of the vast majority of other people and to 
the detriment of living and non-living environments” (p. 650).13 Because it allows 

11 The other excerpt is not presented in this chapter.
12 It was observed that Olivia takes on the voice of the people who will benefit financially from the 
production of these treatments (Potter (1996, p.  160–162) refers to this process as “Active 
voicing”).
13 The participants discussed the effects of the development of nanotechnologies on humans and non-
humans. For example, one participant said, “Who benefits from the use [of nanotechnologies]? I think 
it should be everyone, animals as well as people. I don’t think it should be restricted to any one group 
in particular. [...] Yeah, if we want to avoid the situation where some species go extinct because of 
them, well, I think everyone should be able to benefit” (Emma). The fact that the participants dis-
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de-punctualization of nanotechnologies (Callon, 1991), namely the identification of 
actor-networks that interact, Decide can be mobilized during the Teacher Teaches 
phase of the STEPWISE apprenticeship.

It is not common practice to investigate socio-technical controversies in science 
classrooms by examining economic systems of which they are part. However, in 
the current period, which Pierce (2013) refers to as the postgenomic era (p. 111), 
marked by the unequal distribution of wealth (Piketty, 2013) and social and envi-
ronmental effects of neoliberalism, addressing these concerns in science education 
has become imperative.

Acknowledgements We would like to thank the participants of this study and their teacher. We 
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 Appendix: List of Themes Addressed in the Decide Game Kits 
Available in English

 1. Ambient assisted living
 2. Animal testing in biomedical research
 3. Blood pressure
 4. Climate change (3 versions)
 5. Cross border health care
 6. Diagnosis, information to the patient, genetic counselling
 7. Digital world (2 versions)
 8. Energy and sustainability
 9. Environmental ethics
 10. eTRIKS: The value of medical research data and its reuse
 11. Global migrations
 12. Health technologies: scoping the ‘value of innovation’
 13. Healthy diet and lifestyle
 14. HIV/AIDS and legal responsibility
 15. Human enhancement
 16. Integrating community care and medical care
 17. Malaria
 18. Nanotechnology
 19. Neonatal screening
 20. Neuro-Enhancement
 21. Neuroscience – “brain enhancements”

cussed these effects of nanotechnologies is coherent with Pierce’s view (p. 112) that science education 
should lead to more democratic relations between humans and non-humans. This conversation also 
illustrates that Decide can lead participants to consider not only the well-being of individuals and 
societies but also that of environments (animals or biodiversity).
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 22. Orphan drugs
 23. Patient-team relationships
 24. Preimplantation genetic diagnosis (PGD)
 25. Science camps
 26. Smart cities
 27. Stem cells
 28. Structuring of healthcare among regions
 29. Sustainable use of forests
 30. Tuberculosis in Moldova and Romania
 31. Xenotransplantation
 32. Young people and the media
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Chapter 27
STEPWISE as a Vehicle for Scientific 
and Political Educ-action?

Laurence Simonneaux and Jean Simonneaux

27.1 Introduction

In contemporary society, interactions between science, technology, technoscience 
and society are pervasive. Socio-Scientific Issues (SSI) education was developed in 
response to this situation and has become one of the main contemporary trends in 
science education. But it is possible to distinguish different variations related to SSI 
education; among others, variation in educational stakes that can ‘cool down’ or 
‘heat up’ these issues (Simonneaux, 2013). Science and society are now seen as 
mutually interdependent in an educational context. The orientation of European 
programmes such as U FP7 and Science & Society programme and Horizon 2020 
illustrate this. One of the goals of science education is to help students develop their 
understanding of how society and science are mutually dependent. This is the edu-
cational school of thought known as ‘Science-Technology-Society’ (STS) and, for 
several decades, the study of socio-scientific issues education has developed along 
these lines. The origin of the STS movement can be traced back to the 1930s and 
was led by scientists into the field of science education. It immediately fell in line 
with the citizenship education trend (Hogben, 1942). In Great Britain, after the 
Second World War, two movements had an influence on the promotion and develop-
ment of STS education: the first was initiated by scientists who felt a sense of 
responsibility towards the public in view of the environmental impacts of scientific 
and technological developments, such as nuclear weapons and pesticides; the sec-
ond movement was much weaker and aimed to break down barriers between the 
‘two cultures’, the arts and science (Ratcliffe, 2001). Encouraging individuals to 
take a personal position was a major challenge for STS education: « In traditional 
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science instruction personal opinion is not involved and may be actively avoided. 
STS instruction, on the other hand, seeks out exchanges between students to help 
them arrive at personal positions that combine scientific knowledge with moral 
responsibility » (Solomon, 1981, p. 78). The STS movement was revisited by Derek 
Hodson (2003) who integrated the environmental dimension and became a cam-
paigner for the development of STSE education in order to incite students to engage 
in decision making and action.

Alain Legardez and Laurence Simonneaux coined the term ‘Questions 
Socialement Vives’ – in English: ‘Socially Acute Questions’ (SAQs). These ques-
tions are ‘acute’ in society, in research and professional fields, in classrooms and are 
often discussed in the media. The field of SAQs represents a French orientation to 
the teaching of SSIs. But SAQ instruction is part of the educational movement 
which advocates the study of the interactions between Sciences-Technologies- 
Societies-Environments (STSE). This study supposes to acknowledge the links that 
exist between sciences, politics and business.

Liora Salter (1988) uses the term mandated science, John Ziman (1996) post- 
academic science, Sheila Slaughter and Larry Leslie (1997) academic capitalism. The 
sciences have “entered into a polygamous union with the economy, politics and eth-
ics” (Beck, 2001, p. 53). This raises the question of the moral responsibility for uses 
of scientific applications. Society? Scientists? Technologists? State? Jerome Ravetz 
(1975) raises this issue in his own way: “Scientists take credit for penicillin, but 
Society takes the blame for the Bomb” (p. 46). Knowledge and nature itself found 
themselves as ‘goods.’ That is to say, turned into salable and purchasable things. 
Parallel to development of science and the technosciences, in 1994, in the context of 
the 4th EU Framework Programme, ELSA was introduced as a label for developing 
and funding research integrating the Ethical, Legal and Social Aspects of emerging 
sciences and technologies. Currently, particularly in the context of EU funding initia-
tives, such as Horizon 2020, a new label has been forged, namely Responsible 
Research and Innovation (RRI). We are not going to summarize here the analysis car-
ried out by Hub Zwart, Laurens Landeweerd, and Arjan van Rooij (2014) about this 
semantic shift. They consider that “the newness of RRI does not reside in its interac-
tive and anticipatory orientation, as is suggested by authors who introduced the term, 
but rather in its emphases on social-economic impacts (valorisation, employment and 
competitiveness)” (p. 1). These labels (ELSA, RRI) indicate that the political sphere 
has understood the need to take into account social and societal aspects of the develop-
ment of the technosciences in order to avoid a rejection by society, as was the case in 
France with GMOs. This is typically what has been done as soon as the first concerns 
about nanotechnologies were expressed. The goal is to prevent public controversy to 
hinder innovation. ELSA or RRI labels reveal the great importance of humanities and 
social sciences in the (Techno)Sciences – Societies interactions.

In science education, the notion of SSI has been introduced as a way of describ-
ing social dilemmas impinging on scientific fields (Zeidler, Walker, Ackett, & 
Simmons, 2002). Within SAQ education, the educational challenge is to enable stu-
dents to develop informed opinions on these issues, to be able to debate such issues, 
to be capable of making choices with respect to preventive measures and intelligent 
use of new techno-sciences (Simonneaux, 2006). In order to solve most problems 
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arising in contemporary society, scientific solutions alone are not enough and 
 considerations must be given to the social implications of decisions relating to sci-
entific investigations (Sadler, Chambers, & Zeidler, 2004).

SSI/SAQ education contributes to the ‘educations for’: (scientific) citizenship edu-
cation, sexuality education, education for health, education for safety, education for 
the environment and for sustainable development. ‘Educations for’ focus on complex 
issues involving uncertainties that inextricably associate questions of a scientific, and 
social nature along with values and ethics. SAQ education raises the problem of teach-
ing and learning in an uncertain world influenced by development of techno-sciences 
and environmental and health crises. These questions situate social and scientific con-
troversy, complexity, building of expertise, assessment of evidence, and uncertainty 
and risk at the very heart of teaching-learning processes. It is not only experts who 
make decisions on SAQs; all citizens are involved (consumers, voters, legislators) 
(Simonneaux, 2006). Not only is it not possible to make just one valid and rational 
decision, but conflicting interests may lead to divergent decisions.

An SSI-oriented approach provides the motivation that students often do not find 
in traditional science education. This approach gives meaning to learning, makes 
operational the abstract concepts of science and promotes students to make connec-
tions between concepts. Nevertheless, it has been shown that teachers ‘heat up’ or 
‘cool down’ SSIs, according to the questions that are under discussion, according to 
the educational risk that they are prepared to accept and according to the rationality 
to which they subscribe.

At the ‘cold end’, teaching about SSIs is used to motivate students to learn sci-
ence, or even to convince them of merits of technosciences. At the ‘hot end’ of the 
continuum, teaching foci go beyond the purpose of developing science conceptual 
and procedural knowledge to the nurturing of activist commitments amongst learn-
ers. Pioneers of the ‘activist’ movement have developed a framework called 
STEPWISE (Science and Technology Education Promoting Wellbeing for 
Individuals, Societies and Environments) for organizing teaching and learning in 
science and technology1. The STEPWISE program aims to promote social and envi-
ronmental justice and tries to foster a desire for change as well as a sense of respon-
sibility (Bencze, Sperling, & Carter, 2012). Bencze (2000) suggests that students 
work on student-directed and open-ended research projects. This involves getting 
students to work on projects based on their own research to provide information on 
socio-scientific issues and encouraging them to make their results public by way of 
socio-political action (for example, organizing demonstrations and exhibitions, 
posting militant videos on YouTube™).

Between these two ends, there is a continuum of educational stakes. These range 
from learning stabilized scientific concepts underlying the issues addressed, devel-
oping a capacity for critical thinking and decision-making, learning about the nature 
of scientific knowledge and taking part in high-level cognitive procedures (identify-
ing the conflicting interests of stakeholders, evaluating risks and uncertainties, gen-
erating debate and pinpointing fallacies, cultivating socio-scientific reasoning, 
identifying the actors’ values, assessing evidence and critically analyzing research 

1 http://www.stepwiser.ca

27 STEPWISE as a Vehicle for Scientific and Political Educ-action?

http://www.stepwiser.ca


568

methodology). These procedures contribute to development of critical thinking. 
When critical thinking occurs, foci move towards the ‘hot end.’ In the current field 
of French education, where the educational stakes are high, it is asserted that SAQs 
can develop high-level thinking, decision making and critical thinking with a focus 
on promoting an engaged citizenship.

Erminia Pedretti and Joanne Nazir (2011) identify and explore six currents in 
STSE education: application/design, historical, logical reasoning, value-centered, 
sociocultural, and socio-ecojustice currents. They consider that the latter four can be 
associated with SSI education. Most of the SSI-based instructions aiming at high 
level thinking abilities may be referred to the logical reasoning current. According 
to Pedretti and Nazir, “the aim of science education in this current reflects a citizen-
ship and civic responsibility emphasis through the transaction of ideas. As such, the 
dominant approaches are cognitive and reflexive” (p. 612). Nevertheless, sociosci-
entific reasoning may also be connected to the value-centered current. “Activities 
within this current tend to target students’ moral and emotional identities to stimu-
late cognitive and moral development. As such, the dominant approaches are affec-
tive, moral, logical, and critical” (p. 614). And, of course, the STEPWISE program 
may be related to the socio-ecojustice current. According to Pedretti and Nazir, “the 
dominant pedagogical approaches in this current are creative, affective, reflexive, 
critical, place based, and experiential” (p.  617). The ecojustice current is also a 
political education (Lowenstein, Marusewicz, & Voelker, 2010).

SAQs are not only encountered in the (more or less stabilized) ‘hard sciences’ 
and invariably in the disciplines within the field of humanities and social sciences, 
but also in the area of social and vocational knowledge. We consider that many dif-
ferent actors take part in knowledge production. These include scientists, citizens, 
philosophers, professionals and, even, whistleblowers. The epistemological explo-
ration preceding any didactic undertaking thus takes on a particular form because it 
cannot exclude interactions among actors and the diversity of reasoning involved in 
economic, political or scientific fields. It is undoubtedly a primary epistemological 
position to consider that scientific production processes are oriented and are results 
of interests of the different stakeholders. Consequently, Jean Simonneaux (2011) 
asserts that the knowledge involved in SAQs can be conceived of as plural (polyp-
aradigmatic) and/or engaged (analyzing controversies, uncertainties and risks) and/
or contextualized (observing empirical data within a given context), and/or distrib-
uted (constructed by different knowledge producers).

Decisions taken on SAQs cannot be based solely upon scientific knowledge (be 
it knowledge from the area of the social sciences or the hard sciences) but must also 
take into account social implications, ideologies and values. Unlike the work on 
SAQs, the SSI approach is mainly based on the didactics of the ‘hard sciences.’ 
Although complexity and uncertainty are recognized in SSIs, the role of interdisci-
plinarity is rarely studied, nor are concepts of the humanities and social sciences or 
those of social or vocational knowledge seriously taken into consideration. If we 
take the example of the controversial question of pesticide use, we can see that over 
and above the interdisciplinary aspect, it is the production of distributed situated 
knowledge that enables us to comprehend the issue. Farmers are not merely receiv-
ers of innovations designed upstream, but rather the producers and holders of 
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knowledge distinct from agronomists (Goulet, 2013). There is no more ONE 
 chemical solution designed upstream. “Singularity, and idiosyncrasy would thus be 
required in the modes of knowledge and management at the expense of “recipes” 
established by an experimental science that criticized the farmers involved in these 
movements” (Goulet, 2013, p. 439). Recognition of farmers as producers of knowl-
edge displays a political dimension.

Consequently, the STEPWISE and SAQ approaches may not only contribute to 
scientific literacy, but they also can develop students’ political literacy by including 
such topics as risk analysis, analysis of patterns of political and economic gover-
nance as well as decision making and action. Even though Dana Zeidler et al. (2005) 
have provided evidence that SSI education is a better way than the STS movement 
to integrate the Nature of Science, arguments, values and moral judgements, Derek 
Hodson (2011) has critiqued both of these approaches and asserts that STS and SSI 
education have given too low a priority to the promotion of critical thinking. He 
asserts that neither STSE nor SSI-oriented teaching go far enough.

27.2  Modernity/Reflexive Modernization and Education

A way to consider science-society relations and their connection to science educa-
tion is to situate them in terms of historical sociology.

This amounts to situating education within pre-modernity, modernity, post- 
modernity patterns. Does the ternary pattern pre-modernity, modernity, post- 
modernity reflect the progressive emancipation of the individual in society? It is 
difficult to situate the temporal boundaries of the pre-modernity period: from antiq-
uity to medieval times or up until the Age of Enlightenment. It is based on tradition 
and/or religion. The beginnings of modernity are sometimes associated with the end 
of the Byzantine Empire in the fifteenth century or the discovery of America and 
sometimes linked to the literary dispute between the Ancients and the Moderns in 
France in the seventeeth century. Be that as it may, what characterizes modernity is 
the pursuit of the ideal developed by Enlightenment philosophers, that is to say uses 
of reason to fight against the arbitrariness of the authorities, against prejudice and 
against the contingencies of tradition. The authorities and tradition are replaced by 
reason and science which will foster progress based on true and objective knowl-
edge. Max Weber talks of instrumental rationality. Thanks to modern science, Man 
(sic) should dominate nature. A new mode of production and consumption, capital-
ism, is established supported by technological innovation. Modernity is associated 
with an increase in individualization. Education should liberate the individual 
thanks to rational knowledge. Scientific knowledge is glorified and transmitted via 
a top-down process. Scientists get a privileged position and replaced the priests of 
the pre-modern time. There is an unproblematic link between scientific reasoning 
and social, moral, ethical reasoning.

Modernity is an « ideal type » as defined by Weber, that is to say a theoretical con-
struction that seeks to match with an empirical historic reality. We observe that the 
following period is more difficult to define, that the authors have proposed different 
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ideal types (post-modernity, late-modernity, reflexive modernization, advanced 
modernity, second modernity, etc.). In the twentieth century, philosophers from the 
Frankfurt School consider that modernity as a project for social emancipation, has not 
kept its promises. In the process of dominating nature, Man has made himself the 
slave particularly because of the development of the technosciences. According to 
Jürgen Habermas, modernity is an unfinished project that humanity should defend and 
reclaim in order not to lose its humanity.

Others believe that we have entered the period of postmodernity which will finally 
allow us to fulfill the project of emancipating the individual by freeing us from the last 
transcendental figures of modernity. Hope for progress is shattered by the excesses of 
the technosciences (nuclear weapons, pollution, health problems). Hope in the future 
is replaced by a cult of the present, but also by an anxiety for the future due to concern 
over the adverse effects of the capitalist model, especially on environments. Links 
between science and society are problematic and complex. That scientific research, 
cultural norms, socio-political contexts, applications influence each other is a recog-
nized fact. The optimism of modernity is replaced by skepticism or even pessimism. 
Relativism develops alongside a recognition of true and objective knowledge. 
Traditional images of academic science have changed. Trends in sciences are now 
criticised as being more and more determined by economic interests.

Bruno Latour (1991) seeks to show that the project of modernity cannot ever be 
realized. It is a project built on two parallel contracts, i.e. the ‘social contract’ which 
is the ground for social order and the ‘nature contract’ which is the ground for mod-
ern science. Together these contracts should make it possible to draw a solid line that 
separates the society from nature. Such a project, however, is caught by contradic-
tions that become evident as soon as we face such ‘hybrids’ as AIDS and the ozone 
hole, which are neither nature nor culture, but something in between. Bruno Latour 
considers that all cultures have produced hybrids. The specificity of this epoch is 
based on two things: (i) the scale and the threatening nature of our hybrids, (ii) their 
existence calls into question modern attempts to draw a solid line between nature and 
culture. According to him, the time line of modernity and its by-product, progress, is 
not straight. We have never been modern because we have never progressed towards 
increased efficiency and profitability. “The old idea of progress, the one we recently 
abandoned, let us stop being wary, let us throw caution to the wind. The new concept 
appears rather to oblige us to be cautious, to make selective choices, to meticulously 
consider all the possibilities” (Latour, Le Monde, 24 août 1996).

Ulrich Beck refuses the post-modernist approach; he considers we have 
entered a new modernity, but we are still within modernity. We have moved from 
an industrial modernity to a reflexive modernity. He calls this era the ‘risk soci-
ety.’ Beck (1986/2001) suggests that these days we are emotionally aware of 
man-made hazards: society is concerned about the risks posed by techno 
responses to past  problems. The production of new scientific knowledge is to 
resolve the multiple impacts (waste, pollution, new diseases) that have been gen-
erated by technoscience. One could sum up this late-modernity as an epoch dur-
ing which individuals have become aware to risks, uncertainty, complexity, 
disorder, distrust of social and scientific institutions and traditional authorities. 
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Beck postulates that institutions, including science, are struggling with effects of 
what they have created, and even though they have begun to change. It is neces-
sary that research anticipates the consequences, uncertainties and risks of scien-
tific advances. Using Beck’s analysis, in our late- modern society, scientific 
rationality would not be sufficient to justify any technoscience and would need to 
be accompanied by reflexive criticism of its impact. The status of experts in sci-
ence and technology is criticized and the political nature of technological choices 
is revealed. Beck believes that, faced with the risk society, with crises, with the 
uncertainty of knowledge, individuals will develop a reflexive modernization, 
that alternative rationalities will surface and new social movements, a ‘sub-poli-
tic’ may emerge in the interstices of the official society. According to Anna 
Olofsson and Susanna Öhman (2007), to be defined as ‘reflexive, ‘ people have 
to show both awareness and some kind of active strategy to handle new risks. But 
awareness does not implicate always action, far from it, people can remain in a 
fatalist position.

The risk society approach tends to adopt a critical realist (Bhaskar, 1975) 
approach, contending that the real social and natural world exists apart from and is 
independent of human perception and understanding. Thus, human knowledge of 
reality is fallible and incomplete and is historically, socially, culturally and politi-
cally situated. Experts’ judgments of risk cannot be objective and neutral.

Beck’s works are sometimes criticized as being strictly theoretical, unsubstanti-
ated by empirical work. Mette Jensen and Anders Blok (2008) did a test, in the 
form of a case study, on the pesticides issue as perceived in Denmark. Their aim 
was to study whether or not we live in a risk society. Beck is sometimes accused of 
exaggerating, especially by Arthur Mol and Gert Spaargaren (1993), who advocate 
an alternative paradigm, called ‘ecological modernization,’ in which green lobbies 
are seen to guarantee environmental interests. Therefore risk society does not exist 
because of ecological progress. In this case, the technoeconomic progress of 
modernity will happen under the control of ecological progress. During their study, 
Jensen and Blok (2008) observed that lay respondents had different ‘risk habitus‘ 
(p. 765); in particular, they were less anxious when they trusted in a form of eco-
logical modernization to guarantee control. « While a majority of lay-people (and 
a minority of counter-experts) may be said to broadly inhabit a ‘risk’ society, a 
majority of experts (and a minority of lay-people) rather inhabit an ‘ecological 
modern’ one”. These authors consider then that “as a societal narrative, ‘risk soci-
ety’ is hence clearly contested” (p. 773).

Anthony Giddens (1994) also rejected the concept of post-modernity. He calls 
the current era advanced modernity. For him, no knowledge is ever stabilized for-
ever; progress is a myth. For Göran Therborn (2003), ‘multiple modernities’ coex-
ist; i.e., people from different lives (traditional, modern, late modern) share the 
same society. This is similar to the position of Mary Douglas (1985) who  emphasizes 
cultural impacts on judgments about risks. She considers that, within a same cul-
ture, different groups can have different conceptions of risks. For her, risk judg-
ments are political, moral and even aesthetic. Her theory reflects social biases that 
influence a person’s perception of risk.
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According to Douglas (1992), the theoretical construction of any social 
 organization is based on two key dimensions: an internal structure characterising 
social groups that gives them a definite place, and a hierarchy that delimits the 
boundaries of each group compared with other groups. Douglas has focussed on 
very significant relationships between the organizational form of a cultural group 
and its values. She has identified four organizational types that occur in modes of 
social participation and cultural principles. These four types correspond to different 
perceptions of knowledge, nature and risk. She distinguished these types as: the 
bureaucrat, the individualist, the egalitarian and the fatalist.

Bureaucracy is an archetype of hierarchy. Within this structure of organised 
social groups people are attached to values such as order, decency and laws. 
Individuals within this type agree with the authorities and the scientific knowledge 
of the scientists who advise them. Nature is regarded as robust and adaptable to 
human disturbance, but there are lines that should not be crossed. This group per-
ceives that, beyond these limits, irreparable damage can occur and the ecological 
balance may be irreversibly disrupted. This hierarchical type shows a very pro-
nounced risk aversion but when risks are identified this group expects that the State 
and the experts will find a good solution.

The primacy of the ego is dominant in the individualist type. Among representa-
tives of this type, shared values are those of an enterprising spirit, free competition 
and individual achievement. Scientists, innovators and entrepreneurs are respected 
and followed. Nature is regarded as very robust with a self-balancing system that 
allows it to cope with all situations. The environment is viewed as a homeostatic 
system that seeks to recover its original state when a disturbance unbalances it. 
Balance is the steady state of nature and any imbalance is only temporary. This 
group believes that the benefits of science and technology always outweigh the 
harm. Such a conception of nature encourages this group to support boldness and 
innovation in all fields of technology. The individualistic type is rather risk friendly 
as they see risk is an opportunity to seize so that they can assert themselves and 
control the future.

Egalitarians promote the primacy of the group. This type of social organization 
refers primarily to small groups that are formed around an ideal, an ideology or a 
fight that they think is legitimate. Within this group are found whistle blowers. 
Values that have the most weight among egalitarians are equality, fairness and jus-
tice. These individuals are wary of academics and they call on knowledge produced 
by the group itself. Nature is seen as fragile and in a very unstable equilibrium. The 
action of humanity is regarded as harmful to nature and any imbalance is felt as 
irreversible. Egalitarians accuse participants within a hierarchical structure and 
especially those with the individualistic structure, of systematically plundering nat-
ural resources and threatening the ecological balance and the common good, includ-
ing future generations. They have an aversion to technological risk.

Groups belonging to the fatalist type are not integrated into society and are with-
out means for organising and developing a structured group identity. It appears that 
their internal disorganization and subordination to other social groups plunges them 
into a kind of fatalism. They do not really think much about knowledge, but express 
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a general mistrust of it. Patrick Peretti-Watel (2001) defines this group as having 
poorly determined values and that they display fatalism about their condition and 
the situations they encounter. They have a view of nature as capricious and unpre-
dictable. They perceive ecosystems as changing randomly that are impossible to 
predict and control. Chaos theory is, according to Peretti-Watel, the best example of 
this group’s view of risk. For them, risk is inevitable and they have to cope with it. 
Maybe we can consider that fatalists rely on pre-modern notions of fate and lack of 
control, while egalitarian refer to late-modern notion of reflexive control over risk.

As science experts are mistrusted, everyone has to make his/her own decision. 
“We have no choice but to choose how to be and how to act” (Giddens, 1994, p. 75). 
Hence, there are needs for schools to train for action or activism.

According to Gilles Lipovetsky and Jean Charles (2004), a hypermodern society 
has emerged which is replacing the postmodern society because of an anxiety asso-
ciated with awareness of serious issues linked to socio-economic, health and envi-
ronmental deregulations.

SAQs lies within the field of Post Normal Science (PNS), as defined by Silvio 
Funtowicz and Jerome Ravetz (1993), as a science with strong links to human 
needs, thereby leading to large uncertainties, major issues, values, and requiring 
urgent decisions. According to Ravetz (1997), the question ‘what if?’ justifies strong 
consideration ‘to extended facts’; that is to say, data from sources outside the ortho-
dox research. These authors emphasize that decision processes on the PNS should 
include open dialogue with everyone concerned. They introduced the concept of 
‘extended peer community.’ It is important to train students to participate within the 
‘peer extended community.’

In the perspective of reflexive modernization, SAQs and STEPWISE also 
question foundations of science and rationalist utopias according to which rea-
son and truth emerge from confrontation of ideas. Thus, for Beck (1986/2001), 
we must go beyond the “successive attempts to rescue the ‘underlying rational-
ity’ of scientific knowledge” (p.  360) implemented whenever science is con-
fronted with failure or adverse effects. In the research cited above, Jensen and 
Blok (2008) conclude that the real value of the work of Beck might be its ‘per-
formative’ dimension with reference to Latour (2003). It is in this vein that we 
consider STEPWISE to be of interest because reflexivity on modernization is not 
self-evident. STEPWISE advocates the vital importance of raising awareness of 
this reflexivity through ‘educ-action,’ in order to ensure that citizens remain vigi-
lant, do not off-load their responsibility by trusting the government to exercise 
ecological control. How far should reflexivity be developed? Should education 
promote the exercise of reflexivity about expert knowledge or empower students 
to generate their own risk knowledges?

Educ-action aims to encourage not only the involvement of students and teachers 
but also their commitment to individual and collective action, what Beck calls 
 sub- political engagement. In this sense, both the STEPWISE and SAQ movements 
defend a humanistic, scientific, political and economic education (Table 27.1).
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27.3  Educ-action and Activism

The development of educ-action is not a new trend, we can refer back, for example, 
to Freire, but it is evolving with the emergence of a late–modernity. Educ-action 
meets with resistance on the part of teachers particularly because of its ideological 
and political dimension. Furthermore, this educ-action implies varying forms of 
commitment that we need to examine.

27.3.1  Teachers Involvement/Resistance and Rationality

“The need for the inclusion of socio-scientific issues (SSI) into science curricula has 
been generally accepted, but relatively few science teachers have incorporated SSI 
into their courses. Most science teachers feel that their most important task by far is 
to teach the principles of science, and any substantive pedagogical changes represent 
a burden” (Lee & Witz, 2009, p. 931). There is a perception amongst many science 

Table 27.1 From modernity to late-modernity

Time Main ideas Science education policy

Pre- 
modernity

Ancient and 
medieval 
thought

Search for patterns in nature. 
Hierarchical view of society

Elitist. Scholastic

Modernity 17th to early 
20th or even 
until today

Overarching idea of 
Enlightenment, Science as 
rationalist. Rationality is 
superior to other ways of 
thinking. Logical positivism, 
Karl Popper

Lay people need to know more 
science to appreciate and support 
good policy. Aim to think 
scientifically. Understand science 
first then apply to society. There 
is an unproblematic link between 
scientific reasoning and 
social- moral-ethical reasoning

Empiricism. Mertonian sense 
of important values of science 
such as search for truth, 
objectivity, impartiality, etc.

Late- 
modernity

Since the 
middle of 
the 20th

Science seen as imbued with 
power relationships. Link to 
society is problematic and 
complex. Science has a role 
but meshed in economic, 
political and cultural dynamics. 
Ideologies, values recognized

Contextual and situated 
education

Critical Realism (Bhaskar). 
Postnormal science (Funtowicz 
& Ravetz) even relativism. 
Society of Risk (Beck)

Consideration for complexity 
and uncertainty
Socio-scientific reasoning, 
moral reasoning Controversial 
SSI Education for Sustainability 
SAQ Scientific AND political 
education

Table elaborated with the contribution of Levinson
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teachers that science education is about the delivery of facts, and that science is 
value-free (Levinson & Turner 2001). However, some teachers address SSIs out of 
their own personal initiative and heat up the issues; that is, they ‘teach against the 
grain’ (Cochran-Smith, 1991). Some examples of these practices were presented in a 
symposium at the last ESERA conference (Levinson & Martins, 2013).

One difficult problem is of the neutrality of teachers leading the debates. Thomas 
Kelly (1986), one of the first researchers who considered using debates for class-
room study of controversial issues, postulated four positions that teachers might 
adopt: exclusive neutrality, exclusive partiality, neutral impartiality and committed 
impartiality. Those in favour of exclusive neutrality believe that teachers should not 
broach controversial themes and that scientific discoveries are value-free truths. 
They subscribe to a positivistic approach that has been widely criticized. There are 
two main arguments against their position: first, teachers always convey values, if 
only through the examples they choose; secondly, the task assigned to schools in a 
democratic society is to train citizens who are capable of debating controversial 
scientific issues, which means that the school must stay in touch with real life. 
Exclusive partiality is characterized by the deliberate intention to bring students to 
adopt a specific point of view on a controversial issue. In this case, teachers ignore 
contradictory positions or brush them aside as insignificant. They believe that their 
mission is to provide students with intellectual certainties. Those in favour of neu-
tral impartiality believe that students should debate controversial issues as part of 
their education to become citizens and that teachers should remain neutral and not 
reveal their points of view. For some supporters of this position, teachers should 
remain silent and neutral so as to maintain their authority and should not reveal their 
uncertainty or ignorance, while others believe they should remain neutral in order 
not to influence students’ argumentation. This position, which is nevertheless quite 
appealing, has been criticized. It is important that students have the opportunity of 
comparing their points of view to those of a ‘role model’ adult such as the teacher. 
Moreover, as we have said previously, teachers always convey their values, albeit 
unconsciously and neutrality is an illusion.

Concerning the latter position, an apparently paradoxical position, teachers gave 
their points of view while encouraging analysis of competing points of view on the 
controversial issues. This was the position recommended by Kelly. And Hodson 
(2011) believes that “it is incumbent on teachers to share their views on these mat-
ters with students and to make explicit the ways in which they have arrived at their 
particular position. It is also incumbent on teachers to adopt the same stance of criti-
cal reflection and open-mindedness that they demand of their students, and to be 
willing to change or modify their views in the light of new evidence, a new way of 
interpreting evidence, a reappraisal of underlying values, or whatever” (p. 61). He 
believes this is a way to explicitly develop their own critical thinking vis-à-vis their 
previous positions.

Research was carried out on commitments to climate change teaching declared by 
teachers of different disciplines. It was observed that, depending on their discipline, 
these teachers engaged in three types of pedagogical models (positivist, interventionist 
and critical). These models ranged from educating students in accordance with their 
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own opinions to teaching students how to make their own choices (Urgelli, Simonneaux, 
& Le Marec, 2010). In the case of the positivist model, the teachers focused on teaching 
the reference knowledge of the discipline presented as non- controversial and presumed 
that this approach would enable the students to make choices as responsible « informed » 
citizens. In the interventionist model, the teacher intended to question the environmen-
tal consequences of human development in relation to the urgency of the climatic issue, 
or to scientific and technical progress. The declared objective was to stress the need to 
change behavior and consumption patterns in the face of the rising demand for energy. 
In the case of the critical model, the teacher declared s/he planned to get the students to 
take a global view of ways in which expertise on the climate is portrayed in the media—
underlining, in particular, that the complexity of the issue is inconsistent with a consen-
sual scaremongering approach by the media to climate-related risks.

The diversity of these engagements can be explained by the ecological convic-
tions and/or epistemological doubts the teacher holds. Epistemological doubt, that is 
to say the acknowledgement that these questions are controversial and fraught with 
uncertainties, may be crucial to the way these questions are taught. If the teacher 
accepts the doubt, he/she may choose a critical approach to the question. Sometimes, 
in spite of her/his personal doubt, the teacher chooses not to engage students in a 
critical approach for fear of influencing them on account of his/her institutional posi-
tion. On the question of climate change, the ecological convictions of the teachers 
studied by Urgelli (2009) justified an interventionist approach. In the case of issues 
related to health (gene therapy, the use of embryonic stem cells), we assume that ethi-
cal convictions can determine ways with which these questions are dealt.

The nature of the teachers’ rationality has an influence on their choice of teach-
ing strategies, depending on whether they adopt a techno-scientific rationality (the 
techno-sciences will resolve the problems raised by current technosciences) or a 
critical rationality which implies reflexivity towards the techno-sciences. The teach-
er’s rationality can vary according to the issue.

A study on teachers in agricultural education in France has been conducted. The 
study focused on SAQs related to animal husbandry (the evolution in meat con-
sumption, the contribution of animal breeding to the greenhouse gas effect, animal 
welfare). We wanted to discover whether they approached these SAQs on the basis 
of their ecological or ethical convictions and called breeding practices into question 
and/or a critical analysis of animal husbandry knowledge. This group tended 
towards a techno-scientific rationality (Simonneaux, 2012). Faced with these SAQs, 
the teachers took sides with the breeders above all else. They empathized with the 
farmers who were angered by the criticism fired against them and by the measures 
they were required, by law, to take. These teachers believed techno-science would 
resolve the SAQs. They would like to see more targeted research associated with the 
development of the techno-sciences in breeding.

The majority of those teachers took a positivist approach to the environmental 
issues offered up for debate. They assimilated sustainability rhetoric as long as it is 
associated with productivity. They were confident that techno-scientific progress 
would resolve the SSIs linked to the environment. But, fundamentally, they mini-
mized the responsibility of animal husbandry and the part it played in the issues 
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raised (climate change, the food crisis). They were also reticent about the  regulations 
on animal welfare. However, another group of teachers revealed their critical ratio-
nality when dealing with the question of pesticides by denouncing the environmen-
tal problems and to a lesser extent the problems linking the health of consumers and 
farmers to pesticide use (Simonneaux & Simonneaux, 2013).

For many authors, such as Agnieszka Jeziorski and Alain Legardez (2013), sus-
tainable development is an SAQ. They have tried to identify what representations 
future secondary school teachers have of sustainable development and educating for 
sustainable development, and to analyze the results in terms of what fosters and 
what hinders a critical education focusing on socially acute questions. Consequently, 
data were collected using two complementary tools: firstly, a questionnaire was 
administered on one hand to 223 French Canadian trainee teachers in science and 
technology and social sciences, and on the other to future teachers of French, Earth 
and life sciences, history and geography; and, secondly, a semi-directive interview 
was conducted with 12 respondents to the questionnaire.

From the point of view of socially acute questions, Jeziorski and Legardez con-
sider that ESD is in line with a transformative, participatory approach to education, 
as referred to by Bob Jickling and Arien Wals (2013). According to them, the posi-
tion practitioners and academics adopt towards ESD depends on their conceptions 
of education and the people being educated. They distinguish two conceptions of 
education: transmissive and transformative. The aim of transmissive education is to 
unilaterally convey ideas defined by a limited number of external experts. Its goal is 
efficiency and social reproduction. Transformative education is in complete contrast 
to transmissive education in that, in the latter, knowledge is co-created within a 
given context. Thus, the creation of new knowledge is influenced by prior knowl-
edge and different cultural perspectives. The aim is to provide an education for criti-
cal citizenship which trains students to question the world in which they live to 
empower them to create their own world. In general, citizens are educated to con-
form with a view to social reproduction, that is to say they are trained to accept the 
role traditionally assigned to them in the work society. In a transformative approach 
to education, citizens participate in decision-making. Figure 27.1 illustrates the dif-
ferent ways to engage in ESD depending on the representation of education on one 
hand and the citizens being educated on the other. The vertical axis represents the 
conceptions of education and the horizontal axis the conceptions of the people being 
educated. ESD in terms of SAQ would be in quadrant IV.

This research shows that “the positions adopted by the trainee teachers questioned, 
fluctuate between transmissive education and socio-constructivist transformative edu-
cation. Both positions may coexist in the same person and come into conflict when it 
comes to choosing a didactic strategy. The socio-constructivist transformative approach 
thus limits itself mainly to exposing different points of view (most of the time concern-
ing the implementation of sustainable development, without really discussing it) and 
providing the students with a context (territorialized education, project-based teach-
ing). The importance of reflexive and interdisciplinary activities and debate on the 
subject of sustainable development are expressed, but their implementation seems to 
run counter to the positivist school paradigm of which is still dominant” (p. 31).
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The actual work of teachers is not only a personal interpretation of the 
 curriculum prescribed according to the constraints related to the context of the 
teaching- learning situation. The difference between the task prescribed to teach-
ers and what they actually do can be explained in terms of ‘professional genre.’ 
“A collective professional genre retains the transpersonal memory of a work 
environment. It preserves and transmits social history” (Clot, 2008, p. 77). The 
results of numerous research projects conducted within the context of ‘learning 
to produce differently’ (a program set up by the French Ministry of Agriculture 
to foster more sustainable forms of production which are more respectful to liv-
ing organisms and the environment) show that the main obstacle to the so-called 
agroecological transition is the professional genre to which teachers adhere 
(Vidal & Simonneaux, 2013). Teachers identify primarily with the professional 
genre of conventional farmers which is focused on productivity and not with the 
professional genre of teachers who promote agroecological innovation. They 
seek legitimacy in the field in order to be accepted by their students who they 
deem resistant to the agroecological transition, or unaware of the health hazards 
of pesticide use, for example. We have shown in our research that students are 
well aware of the issues, but the risk in teaching them as perceived by teachers, 
leads them to cool down the issues. Jensen and Blok (2008) refer to this as “risk 
habitus” (p. 765).

Fig. 27.1 ESD in terms of socially acute questions based on the conception of education and on the 
conception of the educated person (Adapted by Jeziorski and Legardez from Jickling and Wals, 2013)
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27.3.2  From Involvement to Activism via Commitment  
or Promoting a Sub Political Engagement

This question of commitment and action is becoming increasingly significant to the 
didactics of SAQ and ‘educations for.’ It has been apparent in the STEPWISE pro-
gram for quite some time. The transformative aim is an essential marker but it is 
necessary to substantiate the possible forms that transformation and change may 
take within the education system.

For Freire, the activity of teaching has an influence on the world and it cannot be 
neutral. Freire’s perception is set in a specific context (postwar Brazil), where the 
predominant social challenge is how to tackle poverty in a context of populism and 
military dictatorship. Logically, emancipation seemed to be the overriding issue and 
was to lead to protests against injustice in order to let people imagine how to fight 
against oppression of individuals and communities (Zanchetta, Kolawole-Salami, 
Perrault, & Leite, 2012). The emancipation of thought remains the factor that allows 
education to take root in social reality, even if the social challenges are different 
today (Santos & Mortimer, 2002). In the case of Freire’s approach, over and above 
the steps taken by individuals, it is important to insist upon roles played by the com-
munity. Paulo Freire (1972, 1974) affirms that education is a human activity that is 
inserted in human reality; therefore, its task is to transform the human world. The 
humanistic education he advocates goes beyond teaching contents without social 
meanings. It focuses on the human condition and in its transformation. According to 
Freire, “those that believe that the teacher has to be ‘apolitical’ are unintentionally 
and naively supporting the dominant ideology imposed by the technological sys-
tems. They reinforce it when they do not discuss it with their students” (Santos & 
Mortimer, 2002 p. 647). These references to Freire really echo positions of SAQ 
education and the STEPWISE approach.

We examine here how this educational form targeting commitment to action can 
actually take shape.

If we consider learning as a process of change and/or empowerment the extent of 
the changes taking place in the students may be measured in different ways, may be 
more or less specific and sometimes ambiguous. We first propose to make a distinc-
tion between motivation, involvement, commitment, empowerment and activism. We 
are not claiming that the definitions given here are definitive or that they represent a 
consensus. Motivation may be seen as the willingness on the part of the students to 
participate in the educational activity. Understanding instructions, the difficulty of 
the task, the extent of the challenge or competition and the pleasure factor are all ele-
ments which can explain motivation (Simonneaux, Leboucher, & Magne, 2014).

Motivation is certainly a criterion which is conducive to the educational process 
but does not in any way measure the effectiveness or the extent of the changes 
occurring in the students.

Involvement may be considered as the students’ capacity to become active in the 
collective training process. The degree of involvement helps us examine the inten-
sity with which the individuals mobilize their attention, their interest and their 
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enthusiasm in carrying out the learning tasks (Cheffers, Brunelle, & Von Kelsch, 
1980). Here, again, the intensity of the involvement, whilst certainly an indicator of 
the success of the educational process, does not allow us to measure the extent of the 
changes taking place.

Commitment represents an individual’s capacity to take a stance on issues, to under-
take action and /or to comply with a more or less pre-determined form of behavior.

Empowerment applies to individuals’ ability to make decisions and take control 
over their lives. Nina Wallerstein and Edward Bernstein (1988) refer to ‘individual, 
social, collective empowerment.’

Activism involves learning about and experiencing participation (Linhares & 
Reis, 2014), and can go as far as convincing other people to influence the decision 
makers and to develop actions with a view to improve the well-being of individuals, 
of societies and of the environment (Bencze, Alsop, & Bowen, 2009). Of course, not 
everyone agrees with this definition. In a French context, activism may be perceived 
as a synonym for militancy, sometimes suspected of scaling-up actions without giv-
ing them proper thought or may even be associated with violent behavior.

We consider that activism applies to three key elements: awareness, reflexivity 
and the implementation of actions which are assessed and modified according to 
what is at stake.

In the case of commitment, empowerment or activism, the indicators correspond 
to the students’ stances regarding what is taught or the educational goals and not 
simply a form of behavior that is expected in class showing motivation and implica-
tion. It is necessary to make this distinction from the outset, but it needs to be devel-
oped and clarified. In particular, it raises a methodological problem of observation. 
There are two ways of interpreting the attitudes of learners who show a predisposi-
tion for action, either we look at the components in their language assuming that 
they will provide an insight into what an individual thinks and that these thoughts 
determine his behavior, or we base our analysis on directly observable behavior.

Social psychology has identified different action models or theories including 
the following:

• Involvement is the intensity with which the individuals undertake in terms of 
attention, interest and enthusiasm in the tasks required by the teachers (Cheffers 
et al., 1980).

• The theory of planned behavior focuses on an individual’s intentions to explain 
his/her behaviors, which can be understood by his/her attitudes, perceptions of 
norms, and behavioral controls (Ajzen, 1991).

• Pierre Bourdieu also developed a theory of action around the concept of habitus. 
This theory seeks to demonstrate that social agents develop strategies based on a 
small number of dispositions acquired through socialization. The identification 
of these dispositions allows us to determine the potential commitment of indi-
viduals to the action.

• The dispositions for action, initially put forward by Bourdieu (1998) are consid-
ered by Ria (2012) to be a set of perceptive, interpretative, cognitive, emotional, 
intentional and actional components mobilized in the same type of situation.
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• The commitment theory predicts effects that influence the behavior of another 
person not by resorting to persuasion but by stimulating a previously minimal 
behavior which subsequently leads to greater commitment (Kiesler, 1971; Joule 
& Beauvois, 1987). It is not simply a question of a person being committed or 
not but rather a question of the extent of the commitment

• Habermas (1987) distinguishes communicative, strategic, normatively-regulated 
and dramaturgical action. According to him, communicative action presents 
itself as an interactive activity moving towards agreement and whose function it 
is to coordinate the actions between participants.

• Neil Mercer (1995) distinguishes the following types of discourse: disputational, 
cumulative and exploratory talks. The latter are supposedly dominant in collab-
orative approaches and reveal the collective commitment of the actors.

• The common operational referent is defined as a process shared by a team in 
order to carry out an action on the basis of each member’s skills (De Terssac et 
Chabaud, 1990).

• A community of practice is a group of people who work together in a situated 
context. Their objective is to increase their skills in a given practice (Lave & 
Wenger, 1991) (Table 27.2).

Involvement, individual and collective commitment can be identified through 
language components (answers to questionnaires and interviews, interactions) and 
behaviors observable in context.

In Table 27.3, we consider that the minor eco-gestures correspond to the aspects 
of commitment in the lighter shaded boxes, militancy to the aspects in the grey 
boxes and finally activism to all the aspects in level 4 in the dark grey boxes.

The ‘minor gestures’ have often been highlighted in ESD in the form of eco- 
gestures encouraged by teachers (Jeziorski & Ludwig-Legardez, 2013). However 
useful they may be, these minor gestures have been called into question by many 
actors. They do not make it possible to construct and understand a project for soci-
ety or a community in all its complexity. They may even hinder the understanding 
of global issues by letting us think that environmental questions can be resolved by 
these civic eco-gestures. This said, these eco-gestures may, however, be a first step.

A future citizen is not only responsible for his own actions, he must also be 
able to participate in public decisions, to commit himself to the development of 

Table 27.2 Psycho-sociologic models about implication and engagement

Implication Voluntary accomplishment of learning tasks (Cheffers et al.)
Individual commitment Theory of planned behavior (Ajzen)

Dispositions (Bourdieu)
Theory of commitment (Kiesler), Voluntary submission (Beauvois 
& Joule)

Collective commitment Discourses in collaborative practices (Mercer)
Communicative action (Habermas)
Common operational referent (De Terssac & Chabaud)
Community of practice (Lave & Wenger)
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a ‘sustainable’ society and, to do this, he needs to acquire knowledge, values 
and an ability to live in a community. This conception of the future citizen 
means we have to define educational goals that are more ambitious than these 
simple “minor green gestures”. The socio-political action which is developed 
upholds a critical perspective particularly in reference to controversial issues 
(Linhares & Reis, 2014). It involves fostering commitment AND reflexivity.

Activism is sometimes interpreted as engaging in action without giving it much 
thought. This is in no way what is meant by the pioneers of the ‘activist’ movement 
in schools who have developed a framework called STEPWISE which, as we have 
already indicated, aims at social and environmental justice and attempts to foster a 
desire for change and a sense of responsibility among individuals (Bencze, 
Sperling, & Carter, 2012). These different angles for analyzing and / or fostering 
action may be seen as a graduation of the goals of educ-actions, ranging from 
simple adhesion to a project and the development of expected behavior, through 
adapting behaviors, deciding and reasoning behavioral changes and to societal 
transformation. Beyond these goals, another focus for the analysis could be the 
range of actors concerned by these actions. At one end of the scale we may find the 
student concerned as an individual actor and at the other end this action may con-
cern a wider community outside of school. The degree of autonomy in the learning 
community, the time-scale (short or long term) and scope (local or global) of the 
action may constitute other lines of analysis. Over and above these indicators (level 

Table 27.3 The scope of commitment in educational activities
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of commitment, the actors concerned, the time-scale and scope) and the extent of 
the action, we must also examine the purposes and methods used which are pur-
sued according to a given context in all its complexity. This is vital if we are to 
understand the dynamics involved in an educational project.

27.4  Conclusion: STEPWISE for a Committed Educ-action

The educational perspective of STEPWISE implies interaction between schools and 
society, between scientific processes and sharing knowledge, between individual 
and collective processes, between reflexivity and actions ...The socio-political 
issues and the question of commitment stimulate the sought after critical perspec-
tive. STEPWISE promotes the concept of the engaged school and research which 
contributes to the emergence of critical education. This, to us, seems to be an essen-
tial step towards the development of the emancipated eco-citizen. Schools must be 
transformed in keeping with this critical education. We consider this to be a vital 
step towards dealing with the challenges facing society today and in the future. This 
transformative goal for schools may take on different forms: critical education, 
socio-political education, and activism. We can see huge similarities between the 
SAQs approach and the STEPWISE program in their aims for scientific, social, 
political and economic education but there is also a similarity with the humanistic 
science education sought after by Freire. “The Humanistic Science Education is a 
slogan that tries to contribute to changing the context of the modern society through 
educational processes (…) Science Education has a potential to contribute for the 
transformation of modern society through helping make visible the pitfalls of the 
system and make people aware of their role as citizen and consumer in this society” 
(Santos & Mortimer, 2002, p. 641). According to his dialogic action theory, action 
started in dialogue, word is a transformable praxis, which acts on the world. It sup-
poses a collective action in which subjects meet in cooperation to transform the 
world. Wildson Santos and Eduardo Mortimer add a humanistic argument to STS 
education. “This argument brings to discussion to the need of transforming scien-
tific and technological modern society through human values, preparing the stu-
dents for a society in which sustainable knowledge and responsible action are the 
norms. This is not a movement anti-technology, but a movement against a particular 
model of economic development and technological practice” (p. 646). The inclusion 
of SSI or SAQ in education is necessary but it must integrate not only science con-
tents but also “the understanding of environmental risks; the power of domination 
that the technological system impinges in culture; the difference between human 
needs and market needs; and the developing of attitudes and values consistent with 
a sustainable development” (p. 647).

Yves Chevallard (2010, 2014) a pioneer in the didactics of mathematics in France, 
who developed the concept of didactic transposition, challenges, in his later writings, 
what he calls the paradigm of visiting Works; that is to say, a form of schooling based 
on the transmission of knowledge that is disconnected from the issues that led to its 
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production. This is what he refers to as the old school paradigm which aims to create 
differences, to select an elite by venerating knowledge presented in a monumentalist, 
frontal fashion with an authoritarian relationship to truth (the teacher proclaims). He 
contrasts this with the paradigm of questioning the world; that is to say, the pedagogy 
of inquiry for a democratic school which creates citizenship where knowledge is alive 
and is an instrument for improving community life and taking control of the world. He 
considers that the didactitian should not withdraw into his/her discipline but should 
become “gyrovague” 2; in our opinion, this means he should be open to interdiscipli-
narity and the integration of lay-knowledge.

In the European project PARRISE (Promoting Attainment of Responsible 
Research and Innovation in Science Education) within the framework of the 7th 
European Science and Society program in which several authors of the present 
chapter participated, an investigative approach to SSI is modelled « SocioScientific 
Inquiry Based Learning » (SSIBL)3. This approach should lead students to set up 
actions. It remains to be seen whether these actions will be ‘cooled down’ or ‘heated 
up’ from an activist point of view.
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Chapter 28
Understanding Opportunities 
and Contradictions in the Grammars 
of Activism and Schooling

Matthew Weinstein

28.1  Introduction

In this chapter, I wish to celebrate the STEPWISE model, described in Chap. 2,1 but 
also probe its boundaries — with the intent of pondering how to make it even more 
faithful to its own ends. My context for thinking is the post-financial crisis in the 
U.S.A., where neoliberalism has taken a particular form of austerity logic playing 
on nationalist tropes of independence, self-sufficiency, and racial privilege. It is in 
this U.S. context that I ask what is the nexus of social activism and science educa-
tion? This is the heart of the problem that STEPWISE as a model of educational 
praxis seeks to clarify. To help me grapple with the possibilities and limitations of 
this model, I want to consider some concrete instances of what we call in the ed-biz 
‘socio-scientific issues’ (SSIs). In posing these concrete instances, I am drawing on 
Donna Haraway’s (1997) use of ‘figures’ as means of critical interrogation. I have 
three such figures that haunt me at the moment of this writing, and each implodes 
science and society in particular ways that have implications for teachers, curricu-
lum workers, and scholars:

• Development and use of new sensor technologies, combined with drones that 
intensify the surveillance state, magnify the will to conflict (no skin off of our 
noses) as demonstrated in Yemen, Somalia, and elsewhere. Drones are perhaps 
the perfect weapons of the neoliberal era: small, integrated into mass 

1 ‘STEPWISE’ is the acronym for Science & Technology Education Promoting Wellbeing for 
Individuals, Societies & Environments. It is a theoretical and practical curriculum/teaching frame-
work encourages and enables students to engage in self-directed research and social actions to 
address personal, social and environmental problems linked to fields of science and technology. To 
learn more about this framework, refer to Chap. 2 in this book and visit: www.stepwiser.ca
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 communication systems, at the edge of global power struggles, and highly prone 
to entrepreneurial repurposing for either spectacular visualization or commercial 
exploitation. For me, Amazon’s proposal to use drones to deliver packages seems 
like a reincarnation of an earlier search for peaceful uses of fission immediately 
after the bombing of Hiroshima and Nagasaki.

• If drones are one figure of the neoliberal moment combining computer science, 
technology, and global management and warfare, the trickle down of such tech-
nologies to police represents a second implosion of science and technology. In 
the current ‘state of emergency’ (Fassin & Pandolfi, 2010) in the U.S., local 
police have integrated military technique and technology. Images of tanks on the 
street of Ferguson, Missouri, to quell protests of the shooting of Michael Brown, 
an unarmed Black teen, have become emblematic of a change in which citizenry, 
especially if marked by race, become ‘terrorists’; protest becomes ‘assault’; and, 
a plea for help becomes an occasion for ‘state murder.’ The killing of Michael 
Brown is just one of many police murders of unarmed Black men, and not by far 
the most horrific. Georgia Ferrell, rising football star, was shot by police seeking 
help by knocking on neighbors’ doors after a car accident. As Ann Morning has 
shown, race as biological difference is not dead 60 years after the end of World 
War II and the supposed death of eugenics (Morning, 2011). Many (most?) sci-
entists very much embrace racial essentialism, which acts, as Michael Hetzfeld 
(1992) has shown, as the foundation of social production of indifference (‘they’ 
are inherently different than ‘us’). Not just one type of indifference, but multiple 
occasions for uncaring: indifference to dead bodies, indifference to asymmetric 
applications of laws and, thus, justice. Black power has shifted to the plea ‘don’t 
shoot’ in Ferguson, Missouri. In this new racial economy, science and technolo-
gies (genetics and tanks) shape particular forms of social order and disorder. 
These order/disorder systems are of this moment in which neoliberal political 
geography so easily divides what Naomi Klein (2004) has called, disaster capi-
talism, following the maps of Iraq after the U.S. invasion, red and green zones: 
areas in which the civil society functions and those in which the disenfranchised 
are left to a social Darwinian logic often accompanied by hyper-policing (not to 
help but to contain populations seen as disposable).

• And what is that military, with so much ‘surplus equipment,’ is pursuing around 
the world? Energy, even as we extract record amounts of oil from shale sands and 
natural gas from fracking in the U.S. and increasingly elsewhere, e.g., England. 
The nature of fracking is by decree ambiguous. The chemicals that are forced 
underground and likely into the drinking water are protected by trade secrets. If 
that were not enough, additional laws have been passed to gag any attempts to 
divine, analyze or otherwise inform the public of what is involved chemically or 
hydrogologically in the fracking process. The tar sands have been producing a 
more toxic oil than that pumped earlier, and has been at the root of a series of 
exploding train cars from Quebec to Louisiana. Meanwhile, the wide spread use 
of fracking that has had the amazing effect of producing earthquakes caused by 
the subcutaneous extraction of gas are common occurrences far from tectonic 
plates. Oklahoma is now experiencing more earthquakes than California, though 
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these are human-created ones. Energy demands and earth science have always 
been soul mates—mining, etc.

In each of these figures, science, technology and engineering are completely inter-
woven with grotesque struggles for power and profit. It is into the world in which 
these problems (along with desertification, ocean acidification, global climate 
change, and antibiotic resistant tuberculosis, not to mention Ebola, diarrhea, and 
other problems for the world’s poor) are norms. These are figures peculiar to neolib-
eralism in as much as neoliberalism has (1) bound science more tightly to corporate 
interests than in the past and (2) taken advantage of market logics to undermine 
science as space for critique (Mirowski, 2011). In education, schools and whole 
countries are pushed into STEM (Science, Technology, Engineering and 
Mathematics). To understand how this reflects the neoliberal moment and stages, 
the figures bulleted above, one has to read this as what Stuart Hall described as an 
‘articulation’, a connection between certain topics in the pursuit of certain political 
interest and thus a disassociation between others (Hall, 1986). These technical sub-
jects are reduced to techne or skills (Grundy, 1987) by their mutual association. In 
other words, what counts in STEM is what the acronym leaves out: the social, the 
political, the historical, and the ethical. While some blocs within the coalition push-
ing STEM seek exclusion of those pesky SSI/STS/STSE topics and analyses, which 
seek to revive these excluded analyses (social, political, etc.), interestingly, the 
U.S.’s new science standards, the ‘NGSS’ (Next Generation Science Standards), 
include, but marginalize, the issues (burying them within what the standards call 
crosscutting ideas), reflecting, I believe, an ambivalence about the neoliberal (or 
corporate) intentionality of the STEM movement (converting biology to bioengi-
neering as it were).

Into this pedagogical economy comes STEPWISE, which has to be understood 
as a resistant counter-articulation of science to STEM. At its core is a relational 
analysis. As Michael Apple (1990) explains,

[a relational analysis] involves seeing social activity as tied to the larger arrangement of 
institutions which apportion resources so that particular groups and classes have histori-
cally been helped while others have been less adequately treated… Thus to understand, say, 
the notions of science and the individual, as we employ them in education especially we 
need to see them as primarily ideological and economic categories that are essential to both 
the production of agents to fill existing economic roles and the reproduction of dispositions 
and meanings in these agents that will ‘cause’ them to accept these alienating roles without 
too much questioning (p. 10).

The relational analysis Larry Bencze crafts explicitly draws on Bruno Latour’s 
(1987) and Michel Callon’s (1999) Actor Network Theories (Rouse, 1993, hereafter 
ANT) to articulate the relational nature of technoscientific knowledge—Latour’s 
name for the contiguity of the STEM fields, though properly it’s socio-techno-sci-
entific knowledge. It is not just that living and non-living are embedded in the same 
network, but that science and technology mask sociotechnical networks needed to 
stabilize theories and products.
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STEPWISE takes this relational logic farther than Latour’s vision, which was 
frustratingly neutral in its politics, Latour infamously adopted a quasi-objectivist 
point of view (Rouse, 1993) and instead embraces an engaged pedagogy. STEPWISE 
draws on Marxist traditions to problematize consumption and ecological crisis 
within capitalist relations. STEPWISE even in its initial (non-simplified) formula-
tion places student action at the center of the curriculum and teaching, scaffolding 
for students the relationship of science to challenging and changing the world.

As noted, my intention here is to celebrate and push STEPWISE. The celebration 
is deserved as the model creates a space that allows students to ‘refigure’ my exem-
plars above. Larry Bencze and I (and many others) share a passionate concern about 
capitalism sans alternative, ecological catastrophe, and the related alienation from 
‘the world,’ by which I mean a living in relation and obligation to others. 
Technoscience in all its STEMish variants certainly is central to these imbricated 
catastrophes, in as much as it enables mastery over nature and transformation of the 
world (including us) into commodities, primarily through framing nature, problems, 
and solutions exclusively within the realm of the technical. But to what extent can 
schools, which are themselves part of these same technoscientific networks (as I 
will discuss), become capable of teaching against the neoliberal grain? To what 
extent can teachers misbehave—meaning behave differently than the sorting, select-
ing, standardizing instruments that schools have become under neoliberal steward-
ship, at least here in the U.S., home of the Chicago School of Economics that spread 
neoliberalism globally? This is the question that I seek to explore in this chapter. 
Again, my context is the U.S. where neoliberal reforms shape every level of the 
school organization from standardized testing of students, to value added measures 
of teachers, to data driven management of districts.

28.2  STEPWISE and the Grammar of Schools

STEPWISE builds on the century long pneuma of social reconstruction. This vision 
of social reconstruction partially founds modern schooling in the U.S. With roots in 
pragmatism and early twentieth century radicalism (Lasch, 1965), schools have, 
since their modernization in the U.S.’s post Committee of Ten reconceptualization, 
partially reoriented themselves towards visions of social change. This radical thread 
is as essential to schools as the business/factory driven format of the school house 
(bells, schedules, hierarchical authority, etc.) according to historian Herbert Kliebard 
(1986). For Kliebard, curriculum—and I would add pedagogy—is the negotiation 
between this radical and business intentionalities as well as those of child-centered 
growth logics and Deweyan pragmatism. Schools are means, according to Larry 
Cuban and David Tyack (1995), of ‘tinkering towards utopia’ (the title of their 
book). Schools are sites of both conservative and progressive politics to capture 
futures and bring about social visions through their actions on the young. Teachers, 
of course, are active in letting in some elements of reform and filtering out others. 
Cuban and Tyack’s main focus is, in fact, on the ‘ways schools change reforms 

M. Weinstein



593

rather than the usual reverse question, which sees the school room (including both 
teachers and students) as the passive object of policy (‘How do reforms change 
schools?’), Cuban and Tyack both grant teachers agency and schools an institutional 
culture, which reforms have to contend with to succeed and, if they succeed, they 
are likely changed by the interaction with the wills of teachers. At the heart of the 
filtering of reform is what Tyack and Cuban call ‘the grammar of school,’ a deep 
material and cultural structure that sorts reforms into useable and unusable parts. 
Certainly, part of that structural filter revolves around a preservation of know-how 
and prior labor of both teachers and students. Attending to the ways reforms interact 
with know-how helps to account for the price of reform for students, teachers, and 
reformers.

The grammar of schooling also involves pedagogical forms and pedagogical 
knowledge. Basil Bernstein (1990) has analyzed how discourses, when detached 
from their fields of origin (e.g., professional biology) and relocated to the classroom 
(e.g., grade 10 biology), are transformed in the classroom: simplified, stripped of 
controversy, reduced to transmittable facts, reduced to the testable items. In these 
transformations, the grammar of schooling becomes visible. The transformation of 
STEPWISE from its tetrahedral form to its ‘simplified,’ ‘linear’ form is an exemplar 
of the ways ‘schools change reforms’ or more specifically, the ways that reforms are 
changed to fit the grammar of schooling. In this grammatical transformation, pur-
pose is changed into the general coins of ‘schooling’: scores, grades, rankings, and 
teacher approval. Activities within school are always at risk of being co-opted, by 
even the best and most sincere teachers, into being for schools themselves, what I 
call the ‘school effect.’ By the very fact of an activity happening within the grammar 
of schooling, it is reinterpreted by students as merely being for the sort of capital 
schools parcel out (grades etc.). For example, as a student-teacher, I watched a col-
league introduce her students to The Autobiography of Malcolm X as an attempt at 
critical pedagogy. The students, however, seeing words on the board, ‘read’ the les-
son as one on vocabulary. Her lesson got ‘schooled.’ Note that, here, it is students 
not the teacher who enforced the grammar of schooling. Students are highly invested 
in the economy of school, and critical pedagogy can have the ironic effect of deskill-
ing them in the immediate pursuit of grades.

With this in mind, it is worth thinking about the multiple grammars involved in 
the STEPWISE vision. STEPWISE both is a resistance to ‘school science’ (science 
transformed into the grammar of schooling) and a pedagogical approach within 
‘school science.’ However, in its design, there is clearly a portion of STEPWISE 
that is organized in the grammar of schooling: ‘product’ (i.e., traditional reified 
content), skills education and students’ research are hardly alien to science educa-
tion. On the other hand, STSE while long pushed for as focus for science education, 
turns out to be highly resistant to the grammars of schooling: its interdisciplanarity, 
its refusal to accept science as the metadiscourse, its relationality all push against 
the grammar of schools. Nidaa Makki (2008) has explored ways that teachers give 
lip service to STS but rarely implement it. There is a reason for this; STS replaces 
science as a Truth, i.e., as a metadiscourse on nature, with sociology or cybernetics 
(in the case of Actor Network Theory) as a metadiscourse on science. To study 
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something that is supposed to transcend discourse as a discourse is ultimately to 
take a critical stance on it. Furthermore, the very authority of the teacher rests, in 
part, on science as metadiscourse, i.e., as a higher level of truth. Pedagogy is sup-
posed to be ‘evidence based’, after all. So understanding (aka questioning) science 
risks undermining the standing of the pedagogue him/herself. Like schools teaching 
Illich’s Deschooling (1971), which I do, by the way, becoming critical or even soci-
ological about science risks unravelling the whole ball of yarn: By what authority 
other than the game of schooling can I have my students read Deschooling and then 
question schooling? Ultimately, Bencze’s central point of activity plays a similar 
role in crossing out of the comfort zone of schooling. It is not that service learning 
or community projects are uncommon, but the STEPWISE notion of activity is 
specifically about activity that questions authority, power, economy, and established 
institutions.

Two grammars are combining here. First the grammar of schooling embodied, as 
noted, in the products, skills, and research vertices of the tetrahedron. But this is 
being fused into a pedagogical pidgin with a grammar with clear ties to Freire, 
informal education, and the long history of activist education (e.g. Highlander 
school (Adams & Horton, 1975)). Many critical theorists, including Freire, turn to 
‘informal education’ meaning out of the eye of the state, education to enact their 
radical pedagogies. Relocating education ‘off school grounds’ helps mitigate ‘the 
school effect.’

Informal education, of course, has its own grammar, including an expectation of 
egalitarian spirit and dialogue. Experience often matters more than credentials for 
the teacher, in these settings. This experience has to be conveyed (not being materi-
alized in certificates) through narrative and density of material contextualized in 
sites of practice. The ‘product’ of this education is the transformation of practice, 
the activity that STEPWISE promotes, for instance, rather than marks. Discipline, 
classroom management, etc., are transformed by the voluntary nature of informal 
education. It should be of little surprise that many critical pedagogues prefer or 
focus on the informal rather than the formal, Angela Calabrese Barton’s work on 
GET CITY for instance (Calabrese Barton, Tan, Turner, & Gutiâerrez, 2012). By 
developing pedagogies for the informal, the ecology removes points and grades, it 
stresses voluntary participation, critical pedagogues can keep foregrounded the 
larger purpose of such education. Similarly, using ‘informal educational grammar’ 
means that inter-disciplinarity can be employed without challenges from boundary 
police (other teachers who want to claim a monopoly on their subject matter) who 
might complain about such border crossings (Giroux, 1992) or third spaces (Soja, 
1996).

It is precisely for these reasons that when I wanted to study how radicals adapted 
science for social justice ends. I turned to the informal education of street medics, 
i.e., providers of medicine to protesters in situations fraught with risk, due usually 
to uses of physical and chemical weapons (tear gas or pepper spray) by police or 
national guards, rather than classrooms. Trainings were led by established medics 
who shared stories of dealing with epileptic seizures, baton wounds, tear gas, and 
broken limbs. We were also given direct notes of protocols we should use for both 
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medicine and for establishing rapport with patients. Finally, we were to practice 
these protocols in increasingly complex skits or scenarios. In this informal setting, 
no hedging was necessary. Police brutality, the complicity of counter protesters and 
the media, and danger to medics could all be spelled out. In classrooms, by contrast, 
where, whatever the politics of the teacher, he or she is pressured by numerous obli-
gations that can sideline their own pedagogical interests: standards, administrators, 
parents at political or philosophical odds with themselves, content demands by 
other teachers (e.g., concerns that students will not be ‘ready’ for their class).

STEPWISE very much depends on the grammar of informal education. This is 
evidenced in its multidisciplinarity (science, sociology, political theory, rhetoric) as 
well as its ethos of questioning authority both in the abstract through STSE educa-
tion and in the concrete, e.g., in promoting boycotts as potential actions. Even in its 
revised (linear) format, it uses the model of apprenticeships that explicitly evokes 
informal educational settings. The very shift from knowledge students must learn to 
identifying questions students ‘want’ to pursue is a move towards the informal. And, 
yet, the formal co-exists with this informal grammar throughout the STEPWISE 
model. STEPWISE is explicitly a model for formal education, because, and I 
strongly share this same conviction, the formal is in fact a commons. So, how does 
this pidgin play out? When does one grammar supersede the other? What can be 
said and what not said within the rules of these grammars? For instance, does 
STEPWISE provide entrees for my three SSI figures?

STEPWISE in its formulation is backed by a complex theoretical framework 
drawing on Marxism, ANT, and semiotics. In its practice, what hegemonic limits 
does it confront?

28.3  Boundaries of Practice

While there clearly is a dialectical relationship between the grammars of informal 
and formal education, they are not mutually exclusive realms. The formal and infor-
mal work together, borrow from each other. People operating in both contexts selec-
tively poach on the practices developed in the other. It is important not to overstate 
the distinction between the two. In this section, I focus a little more closely on how 
the tangle of grammars shapes and limits the content of STEPWISE. This includes 
shaping what can be addressed as a socio-scientific issue and the kind of scaffolding 
schools seem able and not able to provide students.

While two grammars are present in STEPWISE, the grammar of schools domi-
nates in as much as formal schooling is the material condition of STEPWISE teach-
ing, which means that classroom points, teacher approval, grades, etc. are at play in 
student thinking. The informal is rolled in, to trouble ‘school science,’ but it is a 
school science classroom. To understand what the consequences of this grammati-
cal transformation to STEPWISE looks like, I want to consider, in general, the proj-
ects published in the Journal for Activist Scienceand Technology Education (JASTE, 
5(1) [[goo.gl/N00b3s]), which are student reports from a teacher following the 
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STEPWISE model (Krstovic, 2014). This is not STEPWISE the theory; this is, fol-
lowing Latour (1987), reports from STEPWISE-in-action (SWiA). This is 
STEPWISE adjusted by the time frames and professional logics in which teachers 
work. These were reports drafted in the context of a science education class, so they 
are do not reflect the long-term consequences of the curriculum. Does the political 
consciousness provoked here remain or is it washed away in subsequent ‘product’ 
oriented classes?

To me, the most notable aspect of the JASTE work in the special issue featuring 
student reports is that it primarily focuses on consumption. Of the nine published 
projects, six emphasize and take action around either use (e.g., of automobiles) or 
purchase (e.g., of lotions). This may be an effect of the framing of the assignment, 
again, not a consequence of the abstract model, per se. This focus on consumption 
comes about through, what from a pedagogical point of view is a natural decision 
point, students contributing their own ideas and concerns at the outset of each unit. 
It is also sometimes promoted explicitly, as in the case of another published 
STEPWISE example (Bencze, Carter, & Krstovic, in press) in which the teacher 
explicitly asks his students to ‘pick one personal hygiene product.’ This launch 
point has the clear advantages of (1) starting with the students’ personal consump-
tion habits, (2) emphasizing objects familiar to students, and (3) offering a relatively 
simple set of political actions that students might take: alternative consumption 
choices and sharing information with peers or others. Starting with the concrete 
(items close at hand) in this way makes sense pedagogically and developmentally. 
The focus on consumption, however, is made complex (a good thing) by the 
approach’s use of Actor Network Theory to examine reification in an STSE frame-
work. Students investigate and create ‘graphs’ (concept map like flow diagrams) to 
trace circulation of people, corporations, and materials, etc. This helps move beyond 
the reification of consumption itself (as some sort of autonomous activity) and 
demonstrably leads students to questions of extraction, production, and marketing. 
This stood out most clearly in one of the chapters focused on the role of Coltan 
(columbite–tantalite) in cell phones, leading students to examine the processes of 
production and the production of warfare and instability to support their digital 
habits (it should be noted that these students did get a bit distracted in analyzing 
their cell phones by a simultaneously examining internet privacy). One of the clear 
successes of SWiA is that students develop a relational understanding of their con-
sumption choices. The ANT approach (or a guided network approach, at any rate) 
has one other critical advantage, it helps students identify social movements with 
which they can ally and, in this way, moves (albeit slightly, as the connection to col-
lective action/organizations seems very abbreviated) beyond mere individualized 
consumption activism. Students working on gene patenting, for instance, wrote let-
ters of support with BCA, an anti-patent organization; students studying cars and 
consumption promoted a collective day of not driving. This is a critical step beyond 
neoliberalagency or good deeds as noblesse oblige.

However, in starting the investigation in this way, some issues are eliminated 
even while others are included. While beginning with the personal makes develop-
mental sense, it immediately renders, at least initially, out of bounds two of my 
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initial socio-scientific issues: drones as remote control warfare, and militarized 
police in the wake of increasing states of emergency/wars on ‘terror.’ While themes 
of consumption are at play in these issues, the consumption is done by the state, and 
citizens are merely the target of ruthless control and surveillance, surveillance that 
fuses Foucault’s sovereign and disciplinary power, powers often invisible until 
attempts are made at resistance—the militarization of the police in Ferguson, MO 
only became visible when people tried to protest the killing of Michael Brown.

It is easy for many SSIs to become invisible because the news does not report 
them, or because they involve bodies that are not supposed to matter, to use Judith 
Butler’s expression (1993). Henry Giroux (2009) notes (drawing on the Italian phi-
losopher Giorgio Agamben) that racialized populations are positioned as disposable 
in racist capitalism. Racism, in essence, becomes a way of fragmenting the 
oppressed, through biologized forms of capital (Roediger, 1991/1999). Those with 
insufficient capital are deemed, in Agamben’s phrasing, Homo sacer, outlaw or dis-
posable humans (Agamben, 1998). This suggests a whole set of political relations 
that involve SSI that are not easily addressed if the terrain of activity is defined by 
consumption and choice. Beyond consumerism, neoliberal capitalism has produced 
new populations of slavery (acknowledged however briefly by the STEPWISE proj-
ect on cell phones), new forms of economic exchange such as high-speed stock 
trading (Lewis, 2014), new roles and functions of the state, and new forms of social 
organization and resistance. STEM threads through all of these emergent forms and 
relations. Sometimes they are rendered visible in STEPWISE as students map out 
networks, but they are often too distant, too behind the scenes, or perpetrated on 
populations with less access to power than even those in our classrooms. Kim 
Fortun, drawing on post-coloniality, has charged that such blindness to the issues of 
the marginal, is inherent in Latour’s cosmology (2014). For Fortun, the question of 
networks and the accounting of them must follow political economy, post-colonial 
critique, and racial analysis, not the mere ‘following’ of scientists, as Latour 
describes. While STEPWISE does premise political economy, the question remains 
what actants are revealed and obscured in this pedagogy? How might teachers shift 
the questions and scaffolding, i.e., the apprenticeship, so that these other SSIs, ones 
that are the occasions of many nascient social movements, become curricular 
objects?

These junctures of science and power are not outside of STEPWISE except that, 
once it is enacted in real schools with a forced scarcity of time, they are marginal-
ized. The SWiA logic of starting with student consumption makes perfect sense, but 
to deepen the pedagogy STEPWISE needs to be freed from the linearity of the cur-
riculum and spiraled so that more remote, more challenging and complex problems 
can be posed in subsequent turns of the curricular wheel. The idea is to move from 
consumption-at-hand to problems that impact people ‘out of favor,’ vulnerable, and 
less obviously entangled in the actor networks defining students’ lives. While this is 
a small tweak in terms of theory, it is an enormous struggle in terms of the politics 
of schools, but before considering that politics I want to reframe the question of 
schools and ANT.
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28.4  Pushing the Bus We Are Riding On

In the last section, I argued that certain SSIs that are powerfully significant yet not 
immediately or easily connected to chains of student consumption risk marginaliza-
tion or even invisibility in the consumer exchange focus of SWiA. However, some 
SSIs or nodes in the actor-network of science that are even close at hand may be 
missed due to our apperception of science.

As I have elsewhere argued, schooling itself has to be seen as a technoscientific 
node, part of the networks that the STEPWISE students are drawing (Weinstein, 
2008). Schools do not merely represent science, they also embody social under-
standings of science in both pedagogy and curriculum: from child-centered pedago-
gies to ‘evidence based’ methods, science is internal to the logic of modern schools. 
I have indexed this in my writing through the signifier science/education (the slash 
is a nod and a wink to slash fiction writers, i.e., fans of television, books, and movies 
who write their own fiction extensions of those texts and indicate readers the roman-
tic entanglements involved through listing character-one/character-two in the sum-
mary of their stories). Science/education is the topos of all locations that combine 
scientific discourses and processes of education. Schools are organic-mechanical 
instruments of subject production. The neoliberal turn in schools parallels the neo-
liberal turn in laboratory science with a non-coincidental introduction of value- 
added measures of teaching, STEM-driven curriculum, and pharmaceutically 
managed children is beautifully captured in Clayton Pierce’s Education in the Age 
of Biocapitalism (2013). These are hallmarks of neoliberal scientificity. Pierce has 
been able to connect value-added, STEM, ADHD medication, and logics of human 
capital that drive school policy and demonstrate how they emerge together from a 
particular habitus and interest in particular world-orders.

The ‘new’ neoliberal scientificity of schools has not been without resistance. 
Resistance to these reforms in the U.S. comes from groups like the Badass Teachers 
Association (BATS), Diane Ravich’s Network for Public Education, and United Opt 
Out. Elsewhere (Sao Paulo, Brazil; Madrid, Spain; Santiago, Chile), the resistance 
has taken the form of mass protests and strikes by students and teachers against 
austerity politics. In the U.S., the discourse of these resistant groups is varied and 
includes a call for professionalism (via a nostalgia for former times), parent auton-
omy (often born out of conservative Christian ideology), and critique of overreach 
of either states or plutocrats-cum-corporations. In reframing questions of schools as 
questions of science/education, my purpose is to highlight that struggles, of which 
clearly STEPWISE is one, over purposes and loyalties of ‘reliable’ knowledge pro-
duction, aka, science, also need to include consideration of the institution of schools 
themselves since schools turn out, when you draw the Actor Network Map, to be 
essential to the reproduction of the network itself. Science education cannot be a 
meta-discourse on science, since it is a discourse of science. The anthropologist of 
science, Emily Martin, borrowing from Berger and Luckmann, captured this prob-
lem when she described the anthropology of science as akin to ‘pushing the bus we 
are riding on’ (1998, p. 25)—though M.C. Escher’s hands drawing each other also 
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captures the self-referentiality of this work. Furthermore, this pushing, I would 
argue, even as it identifies corporate interest, research bias, rhetorics of science-in- 
action, and cultural doxas that found the enterprise of science, must struggle to hold 
onto reliable knowledge of the world because science allows a certain sort of shar-
ing of frameworks, challenging of authority, and grounding for future action 
(Haraway, 1991). So the problem is how to put the very process or context of reflec-
tion, which is institutionally situated, into the maps that those reflections generate?

28.5  A Better Politics

I think the way out of this conundrum is simple: understand that representations are 
not depictions of reality but tools for action, or as Ian Hacking has phrased it, ‘we 
represent in order to intervene’ (1983, p. 31). By taking a pragmatist turn, the prob-
lem of metadiscourse is ‘evaded’ (pragmatism evades most of the foundational 
paradoxes of European philosophy (West, 1989)). The trick is to think outside of the 
usual dichotomies that frame schools as outside of the discourses they study. The 
entire school/real world dichotomy has to be replaced by one that sees struggles 
over schools as contiguous and part of struggles over commodities, capitalism, 
colonialism, etc. For example, a great deal of effort has been expended to integrate 
schools and communities. This includes opening schools for different uses after 
hours, and promoting ‘authentic instruction’ (Newmann, 1996) during the school 
day. One implication of my argument about science/education is that, in addition to 
these steps to integrate schools into the communities they serve, schools themselves 
must also be the site of politics over democratic participation. Schools are not inau-
thentic places, they are real places where students and teachers live. If STEPWISE 
is a curriculum designed to inflict insight into the relational webs of science and 
capitalism and to spur activism, that activism should have a special focus on its very 
setting. This means a renewed focus on not just the questions of democracy and 
participation in the classroom (though it certainly means that), but also over the 
nature of schools and their ever emergent expressions of capitalism.

What this leads to regarding SWiA is a second level of apprenticeship (again 
drawing on the SWiA linear model). This is a modeling of resistance. Teachers need 
to demonstrate what activism looks like through their own struggles over education 
neoliberalization. Modeling struggle involves sharing with students a wide variety 
of considerations: democratic participation, collective action, strategy and tactics, 
and ethics and respect. Neoliberal infection of education takes a wide variety of 
forms and is contested by numerous local movements, often not covered in the 
press, and I would not dare suggest particular alliances or tactics, as they vary as 
much within countries as between them. In my own work as a teacher educator, that 
has meant promoting the work of the local Badass Teachers Association (www.
badassteacher.org) and local teachers’ unions to educate students about neoliberal-
ism and its resistance. In doing so, I am trying to pave paths for continuing resis-
tance through their professional lives. I have spoken up when colleagues try to 
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promote neoliberal accountability programs that I believe research has shown to be 
invalid. I have also modeled for students my own small and large steps resisting 
‘performativity’ (neoliberal accountability theater) and talked about what I have 
chosen to agree to within these regimes and how I have tried to create alternate 
channels while doing so. As science educators, we are good at modeling science 
ratiocination and experiments; we are less comfortable modeling rebellion and 
resistance necessary to make education more just (the goal of STEPWISE) and 
equitable.

My purpose in pushing STEPWISE here, as in my earlier critique of the way that 
SWiA can easily miss SSIs that are not immediately connected to students’ actor 
networks, is not to deny the power of this model. The evidence is that SWiA has 
allowed students to (1) demonstrate relational thinking about materiality in their 
lives, (2) identify individual actions that promote change, and, from my critical 
theoretical point of view, more importantly, (3) act in concert with and in support of 
existing social movements to move towards change. At some point, SW becomes 
SWiA as it meshes and grinds against the rhythm (grammar) of schools, however. 
That mis-meshing is visible in Fig. 2.3 of Chap. 2 (this volume) with the tension 
between the circular and organic STSE education in the lower half and the coverage 
oriented curriculum at the top of the illustration organized as traditional units. Such 
impetus to coverage—critiqued even by such curricular conservatives as McTighe 
and Wiggins (2004)—is an essential product of the current ecology of schools (in 
which tests, habit, parental and peer demands combine to insist on more-and- 
shallow rather than less-and-deep).

In pointing to horizons, my argument is not that we accept them. Instead, I am 
arguing that neoliberalism and its limitations are also the pedagogical moment in 
which teachers can push back in the site of their own labor. In other words, the 
aforementioned ecology has to be shifted, through teacher and student activism 
within the school and that this activity is within the logics of STEPWISE as it resists 
neoliberal science/education. This is a pedagogy in the making, or to borrow from 
the early protesters of neoliberalism at the meetings of the World Trade Organization, 
this has to be an autre-didactique as their vision of democracy was autre- 
mondialisation; not against globalization, just as autre-didactique cannot be against 
science, accountability, or teacher authority; but each of those terms has to be radi-
cally redefined and taken back within a vision of social justice: very much 
STEPWISE’s wise (WISE) vision.
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Chapter 29
In Which Ways Can (Science) Education 
Promote the Well-Being of Individuals, 
Societies and Environments?

Isabel Martins

29.1  Well-Being and Science Education

Conceiving of education as a threefold process, which involves students’ humanization, 
socialization and enculturation (Charlot, 2006), calls for an understanding of how these 
dimensions can be articulated both at individual and collective levels. In STEPWISE, 
this conception is formulated in terms of clear aims concerning the promotion of social 
justice and environmental sustainability (Bencze & Carter, 2011) and is expanded so as 
to include a discussion of how education can inform socio-politicalactivism. Similarly 
to STSE and SSI related approaches, STEPWISE addresses relationships between sci-
ence, technology, societies and environments as well as controversies by problematiz-
ing their effects in human life in at least three ways: Firstly, it by contextualising 
socio-scientific issues in both history and political economy. Secondly, through the con-
sideration of axiological dimensions, in addition to the customary epistemological con-
siderations, that characterise the discussion of the nature of science knowledge, 
scientific activity and its role in society. Thirdly by problematizing semiotic and rhetori-
cal dimensions of sign making as a major component of learning. In doing so, it lays 
important foundations to explore students’ construction of their subjectivity with 
respect to science in ways that foreground democratic participation and the betterment 
of life conditions.

STEPWISE has at its core the idea that education should promote the well-being 
of individuals, societies and environments. However, despite its centrality, the con-
cept of well-being has not been extensively problematised in the original STEPWISE 
framework. The issue becomes relevant if we consider that different views of well- 
being mobilise aspects, as diverse as quality of life, welfare, satisfaction of desires 
and wealth. How can we then discriminate between such different views? To what 

I. Martins (*) 
Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil
e-mail: isabelmartins@ufrj.br

mailto:isabelmartins@ufrj.br


604

extent is it possible, or even desirable, to define universal parameters in order to 
establish adequate threshold levels for each one of them? How would they apply to 
the individual, the societal and the environmental domains? And what would be the 
values to inform and constitute an account of well-being? From this perspective, in 
the next sub-sections, I explore some of these different meanings of well-being. The 
difficulty of arriving at a unique definition will be evident. However, some account 
of well-being is, nonetheless, necessary if not to distinguish its relationships with 
cognate concepts and how they constitute educational discourses.

29.2  The Polysemy Around the Concept of Well-Being

According to Mark McGillivray (2007), early conceptualisations of well-being 
were too narrowly focused and nowadays treating it as a multi-dimensional concept 
is not only more common but also more appropriate. It is not unusual to find the 
concept of well-being in connection with terms as diverse as satisfaction, quality of 
life, welfare, human/social development as well as with others, such as utility, 
desires, needs and capabilities. Such diversity not only points at relevant domains 
where well-being has been an object of theorising and debate but also to the differ-
ent corresponding ways of characterising or, even, “measuring” it. For instance, 
views which equate well-being and development are usually related to an Economics 
framing. They are typically found in economic organisations’ reports and are likely 
to be translated into statistics, data concerning people’s access to goods and com-
modities, public health indicators and others such as Human Development Index 
(HDI) and Gross National Product (GDP). On the other hand, considerations that 
relate well-being to desire, utility, needs and capabilities usually draw upon (moral) 
Philosophy and are commonly expressed through logical analytical argumentation 
about actual or hypothetical dilemmas involving individuals and social groups. No 
less important are the psychological accounts of well-being, often linked with both 
physical and mental health aspects, as well as with subjective perceptions of happi-
ness and fulfilment. The task of conceptualising well-being becomes even more 
problematic when one considers that all statistics, arguments and perceptions are 
likely to be traversed by cultural, political and historical aspects.

A number of theories were developed throughout history in attempting to answer 
such matters. Some of them are briefly sketched below.

29.3  Theories of Well-Being

In his account of theories of well-being, Roger Crisp (2016) explains that hedonist 
theories have their roots in ancient Greece and characterise well-being as an issue of 
greater pleasure over pain. However not all pleasure, or pain, is equivalent. 
Therefore, measuring this balance is not a simple matter and even Bentham’s 
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proposition that intensity and duration of experiences would constitute adequate 
parameters can be defied. In addition, as pointed out by John Stuart Mills, the qual-
ity of experiences, that is, the issue that some pleasures may be more valuable than 
others may represent a challenge to hedonist perspectives.

Such difficulties are also present in accounts of well-being in terms of desire (or 
preferences) satisfaction. Desire satisfaction is a complex matter because of the 
inherent complexity of desire, a concept that has bearings on issues that relate plea-
sure, good, reason, reward or a combination of these (Schroeder, 2015). In addition, 
the fulfilment of desires may happen at the level of experiences that are situated in 
time and space, like satisfying one’s cravings for sweets, or in contexts that give 
respect to broader and long-lasting aspects in a person’s life, like keeping within a 
healthy body weight range. This leads to the conclusion that desires may be ill- 
informed, a fact that is explained by Mozaffar Qizilbash (1998) through the hypo-
thetical case of a person who enjoys smoking and is unaware of its harmful effects. 
There also are other problems with the desire satisfaction view, such as:

(1) actual desires may have no bearing on the person’s well-being (quality of life, etc.), but 
primarily on the lives of others […] (3) actual desires may not match with the agent’s val-
ues, which may be reflected in ‘second-order’ desires; and (4) actual desires may be adap-
tive (Qizilbash, 1998).

This example, and indeed many other contexts concerning health education, illus-
trates the impact that knowledge about the object of desire may have on desiring 
such objects in the context of desire satisfaction theories of well-being. However, as 
we know, having (all) relevant information about the benefits of healthy eating and 
exercising does not prevent people being overweight. In other words, it may not 
always be possible to decide what is best for oneself, because being human also 
means facing and dealing with limitations, ambivalences and contradictions. 
However, the issue becomes more complex when our choices involve, both in their 
origins and consequences, harmful circumstances to other people. For instance, 
buying a mobile phone may be the end point of a chain of exploitation that begins 
with children working under degrading conditions. Being aware of that may not be 
sufficient to stop us buying these consumer goods as they also carry on them the 
appeal and, sometimes, the actual possibility of social inclusion and participation 
and organization in communities and in wider networks. This ambivalence is typical 
of contemporaneity and summons us all up to be critically-active about our role in 
the complex network of interests and desires and individual and collective interest 
should be problematised (especially when they clash).

Thus, criticisms of desire satisfaction approaches can help inform our analyses 
of the promotion of well-being as an educational goal. One aspect that may make it 
easier to address is the dependency between desires and knowledge of some sort. 
This way, they point to the connection between learning and well-being, here 
understood as a state attainable by individuals once knowledge—conceptual, pro-
cessual or attitudinal—is acquired. Another aspect is the need to consider the 
impact that aspects which are not strictly rational, such as affect, emotions and may 
have on decisions concerning one’s well-being. Yet another relevant aspect is the 
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relative and changeable character of an individual’s desires and the extent to which 
they depend on other individuals’ desires, an issue that bears direct relationship to 
considerations about the pseudo neutrality of educational activities. Moreover, the 
idea that actual desires may be adaptive calls our attention to the mutually constitu-
tive character between education and, in this case, the satisfaction of desires. 
Knowledge would then influence desires and, in this case, (the promotion of) well-
being would be best seen as a process, as opposed to a state. In addition, the rela-
tionship between knowledge and desire is itself problematic as it is not possible to 
assert that we have all relevant information about objects of desire and, even if we 
did, our calculative abilities could not be sufficient to work out what is best 
(Qizilbash, 1998, pp. 59, 60).

An alternative view to the desire account for well-being, known as the capabili-
ties account, is mostly identified with Amartya Sen’s (Sen, 1993) and Martha 
Nussbaum’s work (Nussbaum, 2000). For Sen, well-being, or quality of life, con-
cerns a person’s capabilities to achieve adequate functionings in society and not his 
or her access to goods or resources. This approach, which can be translated into an 
opposition between intrinsic and instrumental values, is problematic if the moral 
dimension entailed in the ways through which functionings can be achieved is not 
taken into account as, for instance, in the context of Qizilbash’s example of a starv-
ing man who expands his capability of thieving to feed himself (1998, p. 54). In his 
theory, Sen widens the scope of agent as someone who is capable of bringing about 
change in a way that is coherent with one’s values but does not offer a list of capa-
bilities. Nussbaum’s approach addresses this issue by calling upon Aristotelian 
views to pinpoint a list of ten capabilities that would make good human life and by 
separating capabilities themselves from the external conditions that would enable 
them. Despite the list’s breadth of scope, such a view may still be in contradiction 
with pluralism; that is, the idea that there may be “a diversity of forms of good and 
that there is no one form of life that is best” (Qizilbash, 1998, p. 57).

The desire satisfaction account on well-being is also rejected on the grounds of 
the possibility of determining objectively valuable goods. Different authors have 
suggested different lists of values. A possible list, as suggested by Qizilbash’s would 
include:

a version of Griffin’s view of well-being, with an extended list of prudential values, […]: 
(A) minimum levels of nutrition, health, sanitation, shelter, rest and security; (B) certain 
basic intellectual and physical capacities and literacy; (C) certain levels of self-respect and 
aspiration; (D) enjoyment; (E) autonomy or self-determination (‘positive freedom’); (F) 
liberty (‘negative freedom’); (G) understanding; (H) significant relations with others and 
some participation in social life; and (I) accomplishment (p. 67).

Comprehensive though it may be, such a list is still open to the objection that its 
definition can be thought of as either subjective (relativistic and arbitrary) or objec-
tive (authoritative and paternalistic). The emphasis on autonomy may not be suffi-
cient to resolve this matter and the argument that “we must share some values that 
make any distinctively human life go well” (Qizilbash, 1998, p. 71) must be brought 
to bear on the debate if we are to defend a list of prudential values.

I. Martins



607

29.4  Well-Being and (Social) Justice

The discussion made so far, although sketchy, suggests relevant links between 
theories of well-being and theories of justice. This is important, as both concepts 
are strongly linked in STEPWISE framework.

Both hedonist and desire accounts of well-being can be thought of as directly related 
to the concepts of ‘utility’, especially those held by classical utilitarians, such as Jeremy 
Bentham and John Stuart Mills. Utilitarian views are consistent with an idea of well-
being as related to achieving a distribution of the greatest amount of good to the greatest 
number of people. Together with ‘welfare’, utility became the one of the most com-
monly-adopted foundations to think about well-being amongst both economists and 
utilitarian moral philosophers (Qizilbash, 1998, p. 52). In fact, utilitarians provide us 
with a simple clear-cut universal criterion—(the maximisation of) human welfare on 
which to base decision making. For instance, assessing the consequences of action in 
terms of its consequences for the majority can be regarded as a powerful logics to sus-
tain not only individual action but also public policy. Take the example of large-scale 
vaccination. Despite the costs involved and arguments that vaccine administration in 
situations where there is no significant presence of pathogenic agents may put people at 
risk of side effects, in several countries BCG (Bacillus Calmette–Guérin) and MMR 
(measles, mumps & rubella) vaccines are either compulsory or recommended by health 
authorities. The cost-benefit balance tilts to the consequent benefits in order to justify the 
act. However, there are other cases in which utilitarianism may be challenged in terms 
of the dissociation between the moral and consequential dimensions of the act, as in the 
extreme example provided by Walter Sinott-Armstrong (2014) of transplanting organs 
of a healthy individual to save the lives of many critically-ill patients. Thus, both the 
appeal and rejection of utilitarian arguments may be seen as derived from their conse-
quentialist dimension. Other sources of criticism of utilitarianism can be found in con-
text of debates concerning access to and distribution of wealth amongst people as, for 
instance, in arguments against higher taxation of fortunes in order to fund social policies 
of poverty alleviation. Another version of utilitarianism, which relates to the interplay 
between freedom and equity, and has strong consequences for thinking about educa-
tional opportunities, is meritocratic utilitarianism. According to this interpretation,

(1) educational policies are to be evaluated on the bases of their effects on economic pro-
ductivity; and (2) educational opportunities are to be distributed (and designed) on the basis 
of economically valuable skill” (Howe, 2001, p. 205).

The consideration of a wider social historical political conjuncture of such dis-
courses is necessary to signify them since they appear to be ubiquitous in curricu-
lum policy documents throughout the world and can be linked to the commodification 
of education, understood as a feature of discursive changes brought about in late 
modernity (Fairclough, 1993).

Thus, the consequences of linking well-being indicators to attainment of targets 
and benchmarks related to educational standards must be examined in a critical way. 
Stronger links between performance and investments, as favoured by neoliberal 
policies, help create a cycle where educational indicators became goals to be reached 

29 In Which Ways Can (Science) Education Promote the Well-Being of Individuals…



608

as well as tools for the evaluation of public policies. Usually defined by international 
agencies, parameters such as universal healthcare, access to primary education and 
reduction of populations living below poverty threshold reflect, on the one hand, the 
current startling levels of inequality amongst nations and, on the other, a trap for 
countries that are yet more penalised when they fail to reach established levels. This 
reality can be more dramatic in developing countries, which suffer the pressure to 
aspire to be players in the current geopolitical scenario, but have to follow guide-
lines of multilateral institutions as part of loan agreements.

Other accounts of well-being and its relationships to educational aims, by con-
trast, are based upon humanistic perspectives and put forward the argument that 
“schools should be mainly about equipping people to lead a fulfilling life” (White, 
2011, p. 1). In his book “Exploring well-being in schools”, John White starts by 
questioning the bases of our beliefs about well-being and by relating them to reli-
gious and secular views as well as to issues concerning morality and reason. 
Throughout his book, he re-claims positive aspects related to different accounts of 
well-being in order to establish connections between, for example, pleasure and 
enjoyment to learn, or between achieving success and being an autonomous agent. 
He does that while problematizing the kind of places schools turned out to be in 
contemporary times, that is, environments where practices such as the learning of 
disciplinary knowledge, examinations and rankings, and preparation for the employ-
ment market have acquired exaggerated importance. These considerations call our 
attention to the direct ways through which a number of opposing values such as 
consumerism and wealth, on the one hand, and moral goodness, pleasure and worth-
while activities have been shaping our understanding of educational goals and aims.

Back to examining relationships between well-being and justice, it is worth 
remembering John Rawls’ strong objections to utilitarianism (1971). In an account 
that attempted to conciliate freedom and equity, the author sustains that justice is the 
first virtue of social institutions. Rawls’ claim for a universal theory of justice is 
rejected by those who believe that culture, traditions and belonging to social groups 
are important elements in the characterisation of pluralism in society and in shaping 
conceptions of and standards to assess justice. It is possible to place those who criti-
cize the liberal premise that “politics should not be concerned solely with securing 
the conditions for individuals to exercise their powers of autonomous choice, as we 
also need to sustain and promote the social attachments crucial to our sense of well- 
being and respect” (Bell, 2016) under the label of communitarians.

The arguments between utilitarians and communitarians are also key to inform 
the complex debate concerning relationships between multiculturalism and citizen-
ship (Kymlicka, 1995).

29.5  Measuring Well-Being

The different conceptualisations of well-being may account for the diversity of 
ways to measure it. Whilst some studies favour individual subjective perceptions 
about one’s feelings of happiness and achievements as adequate indicators, other 
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studies tend to objectify parameters through which to characterise both individual 
and collective well-being, such as income and GDP.  Qualitative or quantitative, 
subjective or objective, all approaches to measurement have nonetheless limitations 
and flaws. This has led to multi-dimensional approaches to measuring well-being so 
as to encompass aspects as diverse as knowledge, health, wealth and freedom. One 
example of attempts to capture multiple relevant dimensions to well-being is the 
Human Development Index that combines parameters such as life expectancy, num-
ber of years of schooling and gross national income per capita. However, according 
to John Finnis (1980apud Akire, 2002), although the dimensions are “self-evident, 
in that they are potentially recognizable by anyone” they can also be seen as “incom-
mensurable, in the sense that all of the desirable qualities of one are not present in 
the other; irreducible, as there is no one denominator to which they can be totally 
reduced; and non-hierarchical, since at any point in time anyone dimension can 
seem to be the most important”.

29.6  Well-Being, Participation and Decision Making

The STEPWISE agenda enhances and complexifies targets related to the promotion 
of well-being in so far as it seeks to encourage and support critical actions that are 
identified with aspects of political life such as participation and decision making.

The issue of participation has been problematized in terms of relationships 
between science education and democracy in frameworks that describe participa-
tion in schools (Levinson, 2010) in terms of social, epistemic and pedagogical 
dimensions. At the core of the ‘science education as praxis’ framework, of which 
STEPWISE is an example, we find references to communal interests as well as to 
the framing and re-framing of contextualised problems. However, the sheer consid-
eration of the diversity of communities and of the range of features that may bind 
them together warns us that cross-community dialogue is not a simple straightfor-
ward goal to achieve.

Views of well-being that address relationships between individuals and social 
groups can be productively used to tease out the aspects involved in the discussion 
of the role of education in the empowerment of individuals and the emancipation of 
social groups for political action. For instance, there may be profitable dialogues 
between communitarianism and Paulo Freire’s critical humanistic pedagogy (1970), 
in which the awareness about social elements that constitute our lives is seen as a 
key element for the argument of education as liberating praxis. Likewise, perspec-
tives that draw upon the Foucaultian concept of biopolitics have eloquently  criticised 
the ways through which power relations frame and shape people’s identities and 
perceptions of needs. If, on the one hand, the desire account entails an objective 
character, by equating well-being with achievement of success of some sort, on the 
other hand, it does not problematize the quality of this success, in particular, whether 
it should be best thought of as depending on intrinsic values, like freedom and sat-
isfaction, or on instrumental values, such as goods and material resources. Apart 
from that, identifying the origins of needs and the nature of choices are crucial 
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issues if we are to identify degree of autonomy we exercise in making our choices 
in (political) life, especially those concerning issues related to domains that are 
highly valued and legitimised in society, like science and technology.

The question of autonomy also reverberates in schools in terms of demands for 
changes that are placed by STEPWISE and related approaches. They can be located 
both at the level of the micro-politics of the classroom as well as between other indi-
viduals and macro-social groups as diverse as principals, educational researchers and 
policy makers. The former level can be exemplified in curriculum terms, for instance, 
with reference to ways through which contextualisation must be effected in science 
learning. Acknowledging historical, discursive and cultural aspects of contexts goes 
beyond superficial references to students’ daily lives and need-to- know pedagogies. It 
involves problematizing the nature and dynamics of the relationships between teachers 
and students and the establishment of a didactic contract regarding aims, expectations 
and needs for knowing. The latter calls upon rethinking aspects concerning curricula, 
systemic evaluation and classroom assessment practices. It is important to investigate 
the extent to which such practices end up configuring curricula and assessment as 
instruments of coercion and not of emancipation. Such tension has been increasingly 
challenging, for instance, for Brazilian school teachers who must follow guidelines of 
local Educational Authorities with respect to curriculum planning that regulate the 
selection of contents and methodological approaches, choices of educational materials 
and the adoption of compulsory assessment practices. Together they provide the basis 
for periodic evaluations of students’ performance, the results of which determine 
school funding and teachers’ salary bonuses. In such a context, it is not easy to com-
promise between autonomy and respect to diversity, on the one hand, and obedience to 
rules that seem necessary to meet targets and standards, on the other.

29.7  Implications for STEPWISE Research and Practice 
Agendas: Well-Being as a Dialectic Generative Process

The discussion made so far questions the possibility of promoting well-being out-
side practises defined by dialogue and co-responsibility. One reason would be the 
risk of dismissing diversity and eliminating pluralism as an important element in the 
construction of identities and as source of reflection and alterity. Another reason 
would be the reinforcement of the asymmetry between academic/disciplinary and 
social/cultural contexts. This is not to say that any view is as good as any other. It is 
not an argument for relativism but, instead, a call for deeper understanding of pro-
cesses through which some views become hegemonic and acquire differentiated 
degrees of social legitimation.

Analyses of challenges faced by science education (and science educators) in 
contemporaneity demand an analysis and a tentative conceptualisation of contempo-
raneity itself. This is especially difficult because contemporaneity is an inherently 
complex and mutable set of force relations/power struggles, which has expressions 
in different fields of societal life (economic, political, social etc.). Another problem 
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is the fact that it is impossible to adopt a bird’s eye view on contemporaneity, since 
we are fully immersed and implicated in the processes of production, enactment and 
consumption of contemporary discourses. Nonetheless, an analysis of key features 
of contemporaneity can potentially illuminate relevant aspects of science education 
goals (finalities), policies and strategies in different levels. Critical discourse analy-
sis may be an apt framework for such an analysis, in so far as it explores dialectical 
pairs, such as structure/agency, colonisation/appropriation, reflexivity/ideology 
(Chouliaraki & Fairclough, 1998) in promoting articulations between local experi-
ences and socio-historical dimensions. The idea would be, therefore, to generate an 
overview of the ways through which relevant aspects of contemporaneity (e.g. indi-
vidualism, efficiency, competitiveness, space-time ‘compression’, technologisation 
of social life etc.) are represented in science education.

Critical analysis of dialectical relationships in discourse may also help break with 
asymmetric views. Those who seek to promote well-being are impacted not just by 
reflexive dimensions of their actions but also by the reconfigurations in the social 
relations that can result of emancipation and of extended possibilities of participation 
and knowledge production of targeted groups. Promoting well-being can be, in this 
sense, a dialectical generative process of both discourse change and social change.

Another point that can be made in the light of the discussion the need for adopt-
ing a political philosophical outlook on well-being in order to problematize rela-
tionships between education and different models of socio-economic development 
in contemporary society (neoliberalism is one example).

Throughout the chapter, I have sketched relationships between well-being and 
moral and political arguments and argued for the relevance of Moral Philosophy as 
a relevant foundation upon which STEPWISE can be grounded, expanded and eval-
uated. The connections between well-being, social justice, power and wealth that 
are suggested in the original STEPWISE framework can be further elaborated in 
terms of contemporary critique on theories of justice.

Furthermore, the articulation of social theory and discourse, as present in critical 
discourse perspectives, were suggested as a powerful analytical tool to examine such 
connections as present in educational literature, multilateral documents and curricu-
lum materials. The irreducible nature of the relationships between discourse and 
society may also help foreground nuances in global accounts of ways through which 
education, in general, and science education, in particular, has been recruited as a 
major component of a hegemonic project of society based on the values of capital.
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Jesse: Shakhnoza Kayumova and I met in the late summer of 2014 as overwhelmed 
new assistant professors at the University of Massachusetts, Dartmouth. We were 
shocked to find we shared an interest in critical theory and science education (yes, 
what are the odds!)—specifically how science education is involved in subjectifica-
tion practices that enable oppressive social orders. The following metalogue (Roth 
& Tobin, 2004) represents our ongoing discussion about what critical activist sci-
ence education might look like. We use Larry Bencze’s STEPWISE framework as a 
springboard into these nebulous, yet productive, considerations. In short, we con-
clude that the ontological framework set out by Bencze (Bencze & Carter, 2011) 
allows for a subversion of current science education practices that shape subjectivi-
ties and ways in which students approach science and the world. We begin our meta-
logue with subjectivity and then discuss social ontologies, multiplicities, and what 
these could mean for a critical activist science education. As shall be seen, this 
dialogue has also provided a space to exchange and deepen our understanding of 
the work of Michel Foucault, Gilles Deleuze and Felix Guattari. We have chosen to 
write this chapter as a metalogue, which can be thought of as dialogue that reflects 
upon theory, methodology, or research data, not just to retain our individual voices 
concerning critical scholarship, but to synthesize our ideas and thoughts together. 
Writing in metalogue allows us to come out the other side changed, enhanced, and 
challenged by each other. Metalogue also challenges traditional forms of writing 
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where an abstract unity, or third-person, speaks with an objective, and often 
 authoritative, voice; thereby allowing us more agency to move beyond traditional 
representations of writing and scholarship.

Shakhnoza: Bencze’s framework is based on five principal components of 
engagement with learning science, two of which are based on conceptual under-
standing of science, while the other three are on development of skills, practices, 
and actions. Conceptually, students begin with an understanding of social and envi-
ronmental issues (STSE Education), and move towards learning about products of 
science and technology (e.g. knowledge, concepts). In STEPWISE, students are 
first positioned as producers of that knowledge through sociopolitical actions and 
locally-situated research, and in doing so incorporate pre-existing scientific knowl-
edge into their learning, developing skills, attitudes, and practices of science as 
they move along. What is useful about this approach is that it enables students to 
inquire into their lived realities and use science as a space to take actions towards 
social, environmental, and political change. One question I have about this frame-
work is: what kinds of subjectivities are made possible for students? I think this is 
where we should focus our metalogue.

Jesse: It’s probably a good idea to outline what we are thinking about when we say 
“subjectivity.” Beginning with a basic conception is helpful for opening a larger 
conversation. Subjectivities can be thought of as the various, ever-changing, values, 
beliefs, outlooks, emotions, convictions, and ideologies held by a ‘subject’ or indi-
vidual. In terms of Bencze’s STEPWISE framework, I feel we are speaking about 
affecting a shift in the subjectivities of students of science. Traditionally speaking, 
the outlooks, beliefs, have been relatively free of attitudes like caring, civic- 
mindedness, etc.: STEPWISE moves these subjectivities toward a political con-
sciousness. From here, scholars and researchers can ask all kinds of important 
questions in education, including what kinds of outlooks, beliefs, and identities 
institutional practices and discourses of schooling constitute (Bazzul, 2012). This 
question focuses on how practices and discourses shape subjects and subjectivities 
(Bazzul, 2014a). However, questions of subjectivity can also begin with outlooks of 
students. For example, a phenomenological approach may ask how students experi-
ence science or how science learning involves synthesis with the life worlds of stu-
dents (Roth, 2014; Bazzul, 2014b). Studies that deal with worldviews (e.g. 
‘scientific’) or teacher beliefs, culturally relevant pedagogies, and epistemological 
debates are also studies into subjectivity. Scholarship into how subjectivities are 
constituted has a lot to say about the social, political, and cultural contexts of sci-
ence education practice and research. I feel science education can be a place for 
fostering an activist, sociopolitically engaged subjectivity—what can be called a 
political subjectivity (see Rancière, & Corcoran, 2010; Bazzul, 2015).

Shakhnoza: My understanding of subjectivity is couched in feminist readings of 
poststructural theory (Butler, 1995; Weedon, 1997). Contrary to humanist assump-
tions, poststructuralism decenters the subject as the main source of meaning mak-
ing. Many feminist scholars use Foucauldian theory of the subject to argue that the 
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subject “constitutes him/herself through practices that are basically related to power 
and knowledge” (Foucault 1988, p. 10). To make it clear, the notion of subjectivity 
in poststructuralism is not similar to traditional positivist binaries of subjective vs. 
objective. Instead, the concept suggests that the subject is a part of socio-cultural, 
historical, and discursive production. It is more in line with notions of identity, 
without implications of inherent traits. Implications of this view on the activist and 
social justice oriented science education research and practice include that subjects, 
whether teachers, students, and/or researchers, are not the sole actors behind their 
act (practice). In other words, as subjects we are continually produced and formed 
within practices and knowledge systems—social, discursive, cultural and economic 
grids of intelligibility—of which we are a part (Butler, 1995). Processes of forma-
tion by which we become intelligible to even ourselves and others are contingent on 
our social, cultural, economic, gendered, and even raced positions. Although not 
fixed, these locations determine both how we read the world and how we are read 
by others (Weedon, 1996).

Jesse: In a similar way, my interest in subjectivity began with poststructural femi-
nist readings of Foucault’s work from scholars like Bronwyn Davies (2006) and 
Judith Butler (1997). One important consideration that comes from structuralism 
and poststructuralism, and one I think science educators have not considered 
enough, is how a subject emerges (is produced) through technologies of power and 
official discourses of science and education. This subject is repeatedly produced 
through subjectifying practices and discourses that distribute effects of power. But 
as Foucault (1997) argues, power is relational and, therefore, resistance is always 
possible. A major critical project for science education involves tracing the  limits 
of subjectivities produced through discourses and practices, with the intention of 
ways of relating to each other, the world, and ourselves. This latter aspect is where 
a ‘political subjectivity’ comes into play, something that remains a perceived limita-
tion of poststructuralist approaches to subjectivity and politics.

Shakhnoza: Jesse, you touched upon a critical point. Some critics argue that in 
poststructural thought agency is ripped off of humans. But, as you said, what it does 
is to make visible how power is always part of practice. I agree that science educa-
tion is one of the fields that can take advantage of poststructural theory and readings 
of feminist poststructuralist scholars to understand effects of subjectification prac-
tices and discourses on teachers, students, and on us, as researchers. And I cannot 
agree more with what you said that, “[a] major critical project for science education 
involves tracing the limits of the subjectivities produced through discourses and 
practices with the intent of reimaging ways of relating to each other, the world, and 
ourselves.” This call also goes along with an argument that for teachers, students, 
and even researchers to “problematize’ what they are, what they do, and the world 
in which they live…to transform themselves…to change themselves in their singu-
lar being…into arts of existence,” (Foucault, 1985, p. 10) we need “a robust new 
theory [or theories] of the subject as a multi-layered entity that is not unitary and still 
capable of ethical and political accountability (Braidotti, 2006, p. 144). For instance, 
in my own research in science education, feminist poststructuralist readings of the 
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subject have been helpful for me to (de)center teachers and students as the sole 
agents of action/practice and enactments. It helps me to make visible discourses and 
intricate power relations on teachers’, students’, and our own, subjectivities. Foucault 
argues that locally, culturally, socio-historically, and materially situated conditions 
can enable and/or constrain individuals through ways they are brought to think, 
speak, write, measure, and know. When we think about teaching and learning sci-
ence, we must understand that what is given falls onto ‘grids of intelligibility’ that 
are historically, politically, and culturally situated. What STEPWISE does differ-
ently is that it does not introduce (subjectify) students to knowledge and practices 
that are ‘already there’, instead it starts with situated contexts where students work 
to create their own knowledges and practices. So, then a task of researchers becomes 
not tracing the progression, but to locate those instances when practices, such as 
STEPWISE, become enabling or constraining of certain modes of action, and what 
are the implications of those instances on the subjectivities of students. When we 
take this view into account, we always need to question notions of the critical sub-
ject, critical agency, and critical activism. What kind of subjectivities are these 
notions bringing along, what is made possible in this discourse and impossible, what 
kind of subjects are enabled and/or disabled?

Jesse: One way of looking at discourses of science education is in terms of how 
they work to constitute or give importance to particular subjectivities. This 
involves investigating day to day science education practices regarding the nature 
of power relations in science education, including how these power relations are 
embodied or come to operate on bodies. Foucault (1977, 1982) makes the point, 
implicitly in Discipline and Punish, and explicitly in the Subject and Power, that 
‘modern’ subjects are not just subject to technologies/discourses of power, but are 
produced by (are the very effect of) these technologies of power. An implication 
is that whatever subject positions exist, they are both subject to technologies of 
power (subjectification) and simultaneously a product of these technologies—
which does not mean subject positions constituted by technologies of power may 
not also be productive and/or valuable. A historical example of this ‘double-bind’ 
that relates to science is how ‘homosexual/heterosexual’ identities were produced 
through discourses and practices of hygiene, biology, and health in the nineteenth 
century (Foucault, 1980). These categories emerged out of normalizing  discourses, 
yet were taken up in ways unintended by these discourses. My research so far has 
looked at ‘official discourses’ in curriculum and policy (Bazzul, 2014a). Judith 
Butler (1997) casts the modern rational subject as a site of political contestation. 
For Butler, the subject is produced again and again through repetitive subjectifica-
tion practices that constitute the subjects’ relation to themselves, others, and the 
world. Resistance is found at the site of repetition; that is, where these practices 
are repeated. This is the value of STEPWISE; it disrupts depoliticized science lab 
activities at the site of repetition and replaces them with community-oriented 
 science work. An activist science education must continually maintain a critical 
stance on how subjects are produced through practices and discourses of science 
education. Some questions have yet to be engaged adequately, however. How 
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does viewing the subject as a site of  contestation allow students and teachers to 
challenge oppressive discourses and practices? How do teachers and students go 
about reshaping subjectivities?

Shakhnoza: Your questions in relation to STEPWISE remind me of our recent 
work (Bazzul & Kayumova, 2016) titled “Toward a Social Ontology for Science 
Education: Introducing Deleuze and Guattari’s assemblages”. Working with Deleuze 
and Guattari’s concept of arborescent and rhizomatic structures in relation to 
Foucault’s notions of the subjects allowed us to analyze how science teachers, stu-
dents, and researchers are phenomenon of already established science practices and 
classroom discourses, what Deleuze and Guattari might call arborescent structures. 
An issue with arborescent structures, such as official and prescribed curricular prac-
tices, is that they channel things in one direction. And the example of STEPWISE as 
a community-oriented science is a good example of a rhizomatic, multiple, dynamic, 
and open-ended assemblage with possibilities to disrupt dominant and unidirectional 
science practices by replacing them with socially engaged activities. At the same 
time, I was wondering if you can give some examples how precisely Bencze’s 
STEPWISE program works to ‘disrupt’, what you named as, “depoliticized science” 
lab activities, at the different sites of repetition. And how does precisely the com-
munity oriented science and activist science education engage the question of sub-
jectivity. Wouldn’t you say that the very notion of producing subjects for certain 
purposes, whether it is for critical science activism, and/or traditional science, both 
are inherently aimed at structuring individuals rationalities in one direction?

Jesse: The disruption is quite literal and not unlike what many science educators 
attempt to do in their daily practice. Bencze’s framework advocates re-centering 
science investigations around community problems or issues that affect students 
and, in that sense, disrupt unidirectional aspects of traditional state curricula and 
other technologies of control. Some examples include investigating issues of sus-
tainability, risk, and social inequality through project based learning (Bencze, 
Sperling & Carter, 2012). Along with repeated practices, mastery of skills is vital to 
production of subjects (See Butler, 1997; Althusser, 1998). Science education sub-
jectifies students through cookbook labs that do not engage social/community inter-
ests and having them master a particular set of science skills unrelated to community, 
social contexts. While we might imagine that science students become “more free” 
as they adopt these skills from science activities, this acquisition also furthers their 
own subjection. Bencze’s framework disrupts these subjectification practices by 
literally replacing depoliticized activities with activities that begin with taking 
social action, thereby having students master sociopolitically relevant skills as well 
as those typically related with science, inference-making, observation skills, etc. 
These sociopolitically relevant skills better fit a politicized subjectivity, what I think 
is a productive extension of the critical, structural/poststructural approach to subjec-
tivity. Your question about the production of subjectivity is, I think, one of those 
standpoint questions that is difficult to answer. One way to answer it is to say that 
subjectification practices are ongoing  – so the question on ethical and political 
terms will always be, ‘How do we wish to live in relation to others and ourselves?’ 
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As we engage these questions at home, at work, in spiritual communities, or in 
schools, we are constituting/challenging subjectivities with particular aims. I do not 
believe this is ever a ‘neutral’ or totally ‘free’ terrain. However it does bring up a 
fissure in what constitutes resistance—is it finding an ‘outside’ or does it involve 
radically altering apparatuses, or both? Working for both emancipation and cre-
ative, rhizomatic expression is important, and I believe institutions have some role 
to play. If the subject is a site of political contestation, it means it can be/is being 
reworked. All in all, the reworking of subjectivities towards goals of social justice 
and equality must be an active project.

Shakhnoza: These are all very interesting and fascinating ideas. But at the same 
time I must admit that Bencze’s framework for critical social activism sounds more 
of an activist than a critical approach. Or if I re-frame what I have said, it seems to 
be situated in a more progressivist camp than a critical camp (by the way I am not 
implying a dichotomy, just the existence of some theoretical tensions). Therefore, I 
want to caution us not to approach Bencze’s work as given, and start with question-
ing assumptions of this work. And as we work with theory, it is important not to use 
poststructural subjectivity as another framework to replace and/or to add on to exist-
ing framework. For instance, Deleuze, in his dialogue with Foucault, defined a the-
ory “exactly like a box of tools. It has nothing to do with the signifier. It must be 
useful. It must function. A theory does not totalise; it is an instrument for multiplica-
tion and it also multiplies itself” (Foucault & Deleuze, 1977, p.  208). So, using 
insights of postructuralist subjectivity in Bencze’s work is to be able to apply the 
theory not for totalizing purposes, but for the theory itself to gain multiplicities in 
its application to practice. So working with a theory means to unpack taken for 
granted assumptions, subjectivities, and discourses of a practice, in order to make 
room for more multiplicities.

Jesse: Gathering some assumptions from Bencze’s writing (see Bencze & Carter, 
2011), relations of power that seem most pressing to him relate to global capitalism, 
neoliberalism and neo-conservatism. Your separation of the terms critical and 
activist, I loosely think of as the ‘negative’ and ‘positive’ aspects of a social justice, 
community oriented science education. Foucault (2003a) is careful to stress that 
critique exists only in relation to ‘something else’—and so it is the reconstitution of 
‘something else’ that could be the focus of activist work. Critique works to tear 
down hierarchies and subvert taken for granted practices, material distributions, 
and discourses; and politicized activism works to build different relationships, dis-
tributions, networks, structures, etc. The entwining of critique and activism can 
result in the ‘gaining of multiplicities’, to use the language of Deleuze and Guattari’s 
rhizomes and lines of flight. So how would you describe a critical activist project 
along these lines?

Shakhnoza: Well, for me, to contemplate this question, it is important to go back 
to what Deleuze said; that is, that “[a] theorizing intellectual, for us, is no longer a 
subject, a representing or representative consciousness. Those who act and struggle 
are no longer represented, either by a group or a union that appropriates the right to 
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stand as their conscience. Who speaks and acts? It is always a multiplicity, even 
within the person who speaks and acts. All of us are ‘groupuscules.’ Representation 
no longer exists; there’s only action-theoretical action and practical action which 
serve as relays and form networks” (Foucault & Deleuze, 1977, p. 207). This quote 
reminds me that people who are supposed to be a part of this discourse—teachers, 
parents, students, and other minority groups—are already the ones who are usually 
excluded from these critical conversations. And, if there is a certain level of repre-
sentation from different social groups in these conversations, it is usually at the very 
miniscule level. As Deleuze (1994) contends, “[r]epresentation fails to capture the 
affirmed word of difference. Representation has only a single center, a unique and 
receding perspective and in consequence a false depth. It mediates everything, but 
mobilizes and moves nothing” (p.  67). Taking into consideration notions of 
Deleuzian representation, and asking what is included and excluded in critical sci-
ence activist work, means we need to be aware of our own privileged positions and 
make room in our conversation, not only for our own “voices” and “actions” to be 
visible and represented, but also of those who already do critical and activist work 
in their day to day practices. This is precisely what STEPWISE is doing when it 
allows students to have a role in knowledge production. To say otherwise, the criti-
cal and activist science is already there. However, those activities and practices are 
not privileged, not visible, and often times subjugated. I argue when we make those 
already there critical and social work visible, that’s when critical science activism 
can become a “movement, for its part, implies a plurality of centers…a tangle of 
points of view, coexistence of moments…” (Deleuze, 1994, p. 67).

Jesse: Yes, it involves making those who do not count or were not visible count—
and it involves a co-existence of movements and struggles as Deleuze says. Gaining 
multiplicities seems similar to gaining possibilities and I think Deleuze and Guattari 
(1987) are saying that the ethical-political move involves differentiating oneself or 
allowing for this differentiation. However, I think they would also say that, just 
because multiplicities (and lines of flight) exist, it doesn’t mean they are necessarily 
equitable, good, or safe. It reminds me again of the criticism of poststructuralism’s 
political apathy and or lack of normative political grounds. Foucault claims he does 
not let politics inform his analysis and instead asks what politics has to say about 
problems it faced (Foucault, 2003b)—which is what makes his critical methods so 
powerful! However, the powerful critical toolbox Foucault and other poststructural-
ists provide, I feel, needs to be with active (activist) political projects. I find Hardt 
and Negri’s (2000) work useful in how it outlines revolutionary potential of hybrid 
subjectivities through linking-together of social struggles (in sexuality, labour, 
against white supremacy, etc.). According to them, this involves ‘listening to’ sub-
jectivities that find it difficult to live within the sociopolitical order as they have a 
better understanding of how power is exercised.

Shakhnoza: I can see how poststructuralism could be accused of having no norma-
tive grounds for politics. But, to me, that does not mean that a poststructural per-
spective is against sociopolitical action. Instead, a poststructural stance reminds us 
critical scholars that we should always be wary of our own practice. Regardless of 
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how well-intended is the social activism, we always need to be cautious of replacing 
one normative discourse with another normative discourse. To remember norms can 
easily become essentializing, totalizing, and alienating overtime and re-produce 
power structures. I am not sure how much of what is available to us as a site of 
struggle is not another mechanism of power. And, you are actually giving a similar 
argument by using the example of multiplicity. Multiplicity seems to be everywhere, 
and in all of our discourses, and yet it is not achieved at the practical level. I do not 
think that we “know” yet enough what is “multiplicity” and/or “equality,” in order 
for us to be able to fight for it. To me, we can set up ourselves of another slippery 
slope of what Freire called “oppressor vs. oppression,” and or re-producing new 
subjectivities, and/or new discourses, without adequately challenging power rela-
tions inherent in our day to day practices of which I would argue each of us is 
already a part. As Sara Ahmed (2007) says, even the “project that aims to dismantle 
or challenge the categories that are made invisible through privilege is bound to 
participate in the object of its critique. [Therefore,] we might even expect such proj-
ects to fail, and be prepared to witness this failure as productive” (p. 149).

Jesse: I think Ahmed may also be saying that critique and subsequent redirection 
of power is simultaneously participation in original problematics. I agree that a 
critical attitude means being skeptical of all things ‘necessary’. I think this is why 
political struggles need to be seen as a horizon—similar to the immanent horizon of 
Deleuze and Guattari to which you refer in your work. As critical activists, we 
should think of ‘building’—but we can be reflexive in how we organize and build 
the kind of future we want. We can use temporal concepts, structures, and even 
‘non-place’ universals—all of which are best seen as tentative, because time and 
again we find new exclusions—and demand that these abstract, temporal universals, 
institutions and structures include them! (see Butler, Laclau, & Žižek, 2000, p. 39). 
But you are right, it is a very slippery slope! There is also need for a material, onto-
logical dimension to this critical project. Taking some of the themes from our dis-
cussion so far, let’s move the conversation to how ontological, material questions 
need to be a part of a critical activist project.

Shakhnoza: The approach to critical science activism from an ontological per-
spective is intimately related to multiplicities. As you and I said, multiplicities are 
ontologically already there. So, to me, an aim of critical science activism is not, 
necessarily, to produce something new but, instead, to make visible things that are 
already there. It is a political project because, through subjectification practices, our 
multiplicities are continuously subverted. The repetitive practices are acting as cen-
trifugal forces to achieve the sameness and normativity. Anything outside of the 
established norm and repetition becomes pathological, not good, and problematic. 
Making visible existing ontologies is about legitimizing already present materiality 
and resources and to recognize their affective dimensions. However, this recogni-
tion is not to benefit the capitalist or neoliberal base It is not another sort of capital-
ization on the ingenious power; instead, it is providing space for differences to be 
empowered. I find feminist and postcolonial scholars to be exemplary in this sense. 
They have already been openly political about gender and colonialism issues, 
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 without playing an ‘objective’ and/or ‘relative’ card; yet, they opened up spaces to 
deconstruct normative discourses through listening, including, and dialoguing with 
others and being aware of their own shifting power relations.

Jesse: What I also find inherent to postcolonial and feminist work is the power to 
remake. Multiplicities are the substrate of social life, and Deleuze and Guattari 
(1987) show very beautifully how these exist irrespective of humans. For me, the 
critical project is more than an uncovering of multiplicity but rather to actively 
change power relations that also simultaneously produce multiplicities. I also do 
not think there is an priori multiplicity that can be separated from subjectification. 
Deleuze and Guattari emphasize a difference in ‘actual’ and ‘virtual’ ontologies 
and multiplicities encouraging us to see the latter as immanent possibilities. 
Bencze’s STEPWISE framework does bring in ontological questions but does not 
have a clear theory about how an activist science education would engage on a 
materialist or ontological level. Possibilities for reconfiguration of material reali-
ties can be found in Deleuze and Guattari’s concept of the assemblage, socially 
imbedded ontologies complete with their discursive and material components (in 
Deleuze and Guattari’s terms, assemblages of enunciation and machinic assem-
blages). That is, seeing human groups as co-extensive and interconnected with 
material entities such as bee populations and bodies of water (Delanda, 2006; 
Bazzul & Kayumova, 2016). These assemblages have emergent properties that 
arise from connections between components. In this way, we can create emergent 
possibilities for social and environmental change in a merging of worlds, biotic, 
abiotic, non-human, etc.

Shakhnoza: I completely agree with this argument. Similar to Latour’s Actor- 
Network- Theory (ANT), the space is a part of discursive, bodily, temporal and 
material network of entities. And not only discourse but also material entities are 
important parts of a science practice. When different entities come together during 
a science practice, there is already a potential for divergences and multiplicities. But 
questions remain: What are those practices that we value and legitimize?, Why 
those and not others?, What are the roles of objects in our practices? and What is the 
role of a space and time?

Jesse: Creative ontological dimensions provide a ‘way out’ of the structures/
practices/discourses where subjects are made, and made to be functional. Lines of 
flight with their n-dimensions and their rhizomatic forms are not exactly in the same 
ontological dimension as the structures and technologies of power that give rise to 
them (see Bazzul & Kayumova, 2016). What may be more important are processes 
of reterritorialization and deterritorialization, rather than ontological beginning 
points. That is, becoming is what’s important since it is hard to say at any moment 
what is truly arborescent and what is rhizomatic, in the same way it is difficult to say 
what practices, discourses, and modes of being can be attributed to a subject. A 
question I have is how a focus on affective networks and embodiment achieves a 
materialist, ontological approach to critical activist science education. Perhaps our 
conversation should conclude around Deleuze’s notion of imminence?

30 ‘STEPPING’ Toward a Critical-Activist Science Education...



622

Shakhnoza: It is helpful to remember that Deleuze and Guattari’s work on immanence 
(which is actually stemmed from the Deleuze’s earlier philosophical work) combines 
Spinoza’s notion of immanence and Bergson’s idea of multiplicities as inventive and 
creative evolutions. Building on Bergson’s work, Deleuze problematizes multiplicity as 
manifested in the modern projects. He argues that modern multiplicity is made possible 
mathematically. Modern multiplicity is an entity that can be observed, codified, quanti-
fied, and put into patterns. When applied to social fields—the subjects are continuously 
identified, categorized and simultaneously produced as gendered, classed, and raced 
subjects through the rationalization of their identities, experiences, social positions, and 
roles in the society. Through the repeated practices and prescribed modes of engage-
ment identities, categories, and multiplicities become immanent part of the reality. 
These immanent multiplicities are further quantified, calculated, and illustrated in the 
national and international data sets. Based on my reading of Deleuze and Guattari, to 
subvert these mechanisms, which operate through common-sense, observable, and 
rationalized discourses, is to make visible non-quantifiable multiplicities that already 
existent in the human nature, such as affect, feeling, and attitude. These are lived in a 
moment, qualities in relation to one each other, immanent lines of flight in the spatial 
and temporal moments of interaction. These are not-predictable, dynamic, and non- 
quantifiable multiplicities, continuous variances in scientific term, which re-make the 
assemblages of our lives continuously and creatively. In a way, these are affective 
moments of rupture and lines of flight in the repeated practices, when subject can no 
longer survive within given discourse or practice. Thomas Kuhn’s idea of paradigm 
change can be an example of a rupture in the history of science. I see the value of these 
concepts for an a critical activist science education here, because for multiplicities to 
come together in their immanence require a creative connection in which lines of flight 
for the desire of something different is re-united. I see Bencze’s project as an immanent 
space, in which you and myself, for critical science activism, are coming together in 
multiplicities of desires, and this work is another example of a line of flight we are tak-
ing in our collective endeavor.

Jesse: Truth! We began this metalogue by concluding that Bencze’s STEPWISE 
framework can be a means to subvert subjectification practices that may lead to 
depoliticized, disengaged ‘subjects of science education’. However, we feel that an 
activist, science education needs to be simultaneously critical to subvert multiple 
technologies of power and forms of oppressions. This critical project, in our opin-
ion, needs to engage with critical theory, creative ontologies, and multiplicities. 
Much still needs to be done for science education to be critical and activist. With an 
intensification of social inequality and environmental destruction a response by the 
science and education communities may be imminent! I would like to conclude with 
two short lists: (1) What we’ve outlined in this discussion that is key to a science 
education that is both critical and activist; (2) What needs more discussion.

Critical activist science education should engage:

• How student and teacher subjectivities are constituted through practices and 
discourses

• Multiple critical perspectives such as feminist, post-colonial, anti-capitalist, queer
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• Inclusion of material, non-human components in sociocultural, political frameworks
• The ‘reality’ of virtual and actual multiplicities as well as ontological entities

What requires further discussion:

• Goals of a critical, activist science education
• The terrain of social and political struggles in science education
• Oppressions associated with science education
• What it means to be critical and activist in science and education
• How power operates in the field of science education
• The importance of immanence in modernity, biology, time (Bergson), subjects 

(Spinoza)
• What constitutes effective resistance to forms of power
• How the work of Foucault, Butler, Deleuze can guide a critical activist science 

education
• How creative ontologies can fit with critical activist work
• What does it mean to take a materialist approach to critical work

Paulo Freire differentiates between dialogue and conversation by attributing the 
search for truth or theoretical clarity to dialogue. Shakhnoza, as you stated above, 
we are very grateful to Larry Bencze for providing this dialogic space. In joining 
others working for a critical activist science education we can follow Freire’s (1993) 
call to dialogue where none of us can speak a true word alone nor can we speak for 
others! We call on critical activist educators to move us in a more just direction by 
speaking, acting together.
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31.1  Introduction

Educators have long positioned schools as engines of social change. For instance, 
over a century ago, John Dewey, Hickman, and Alexander (1998) had averred that 
school was “the primary and most effective instrument of social progress and 
reform” (p. 234). This tradition of educationalizing social issues has been critiqued 
by some scholars, such as David Bridges (2008), Lynn Fendler (2008) and David 
Labaree (2008), for various reasons ranging from ineffectiveness to aiding in culti-
vation and governance of a pliable population. However, unwilling to let go of this 
powerful instrument of change, I remain of the view that given the role of schools 
in influencing our mental dispositions (habitus), social, economic and cultural 
resources (capital) and the space in which we live our social lives (field), schools 
and school-based efforts can indeed be catalyzing nuclei for and/or be an integral 
component of a wider, sustainable movement for social change (Bridges, 2008). It 
is with this standpoint that I view and understand the ‘STEPWISE’1 framework for 
activist science and technology education. If science curricula and instruction at the 
K-12 level can serve as vehicles of social reproduction, then it also stands to reason 
to assume that they can be repurposed to serve progressive goals. And that is indeed 
what the STEPWISE project has shown to us in its years of existence.

1 ‘STEPWISE’ is the acronym for Science & Technology Education Promoting Wellbeing for 
Individuals, Societies & Environments. It is a theoretical and practical framework that organizes 
teaching/learning goals in ways that encourage and enable students to self-direct research-informed 
and negotiated actions to address personal, social and environmental problems linked to fields of 
science and technology. To learn more about this framework, refer to Chap. 2 in this book.
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However, much of the lessons and insights that STEPWISE offers may remain 
inaccessible unless read diffractively by critique and propelled through dialogue. It 
is in this spirit that this chapter critically examines the STEPWISE framework in 
light of its potential to offer the theoretical space and resources needed for evidence 
based, scientifically grounded understanding and collective democratic environ-
mental and social justiceactivism. In particular, I compare and contrast the neolib-
eral ontology of the natural world as embedded in the mainstream, official science 
curricula in the United States with the ontology undergirding the STEPWISE 
framework to showcase the strengths and limitations of STEPWISE oriented sci-
ence instruction for environmental action. I also discuss ways in which the 
STEPWISE framework can be further strengthened to better serve the goal of pre-
paring students that can act as sharing, cooperative and public good maximizing 
homo reciprocans to create a more ecologically and socially just world.

31.2  Neoliberal Ontology of Nature

Let us begin with a brief analysis of how we come to understand nature. ‘Nature’ is 
a much-used phrase in both every day and academic language. However, as 
Raymond Williams (1980) famously declared, nature may also be “perhaps the 
most complex word in the language” (p. 219). In keeping with the focus of this 
chapter, when I speak of nature I am referring to the external material world that 
may or may not include human beings. It is possible that this particular description 
may come across as a fairly unproblematic and objective signification of the word 
nature. We tend to perceive nature as a directly perceived and objectively verifiable 
part of our world. It is out there, we just have to open our eyes to it. However, taking 
inspiration from Karl Marx’s thesis of unity of nature with society as produced in 
practice through human labor, critical human geographers from David Harvey 
(1982) and Neil Smith (2008) onwards have argued that ‘Nature’ as we ordinarily 
understand it is not an objective component of our realities but instead is a social 
production (Castree, 2005). Kevin Archer (2010) explains this perspective on 
nature as follows:

Human material activities produce both what we consider to be nature and the surrounding 
landscapes that are considered natural. An implication of this perspective is that because 
what humans consider to be nature and natural are only artifacts of their own material 
activities, they are fully historical and open to change as human material activities change 
over time. Nature is always social nature, in this respect, not something outside social 
reproduction to be merely observed, protected, saved, restored, conserved, or otherwise 
managed by somehow extranatural humans. Nature is what results from the various cultural 
and historical ways in which humans socially (re)produce both their sciences and their 
societies (p. 2560).

However, we tend to perceive nature as an objective reality, and find it is difficult to 
see how nature could be socially produced. According to Bruno Latour (2012), this 
is because since the age of enlightenment the modern constitution — the overall 
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philosophical framework of modernity — has been so constructed that, ontologically 
speaking, humans were consistently consigned to a totally separate domain from 
nonhumans. That is, as Braun (2006) explained, “Society is often depicted solely as 
‘humans among themselves’, an autonomous realm that obeys its own historical 
dynamics, while non- humans enter the story only as fetishized commodities or fixed 
capital” (p. 192). Thus, the modern constitution created a dualist ontology that split 
the world in two: a ‘social world’ and a ‘natural world’ that interacted and impacted 
each other but remained apart. This distancing enabled humans to objectify, domi-
nate and exploit the ‘natural world’ for their purposes, besides also presenting it as 
an objective reality of their world.

It is clear then that, as Bruce Braun (2006) opined, “to speak of nature is to pre-
suppose an ontology” (p.  193). Of course, our ontological perspectives are not 
formed in isolation. They come to us embedded in discourses that constitute us and 
are used by us to make sense of our existence and navigate our daily lives 
(Chouliaraki & Fairclough, 1999). One such discourse - neoliberalism — has had an 
enormous influence on us, both within schools and without (Davies & Bansel, 
2007). Admittedly, neoliberalism is not the only discourse at work in schools and 
beyond. In different societies, one will find different mixes of discourses constitut-
ing people and their lives. But it can be well argued that forces of globalization have 
allowed or encouraged neoliberalism to circulate globally more successfully than 
others (Harvey, 2005). It is quite likely then that we, in the West, may have become 
much influenced by this global and hegemonic discourse in terms of how we inter-
act with and understand nature (Heynen, 2007).

Neoliberalism, both as a concept and a global phenomenon, has gained wide-
spread circulation in scholarly literature as well as public media. However, because 
of its perceived complexities and diverse avatars, it is mapped onto multiple and 
even inconsistent significations. So much so that it has even been labeled as “a ras-
cal concept  — promiscuously pervasive, yet inconsistently defined, empirically 
imprecise and frequently contested” (Brenner, Peck & Theodore 2010, p.  1). 
Broadly speaking, however, one can say that it has become a “general descriptor 
for the dominant ideological sensibilities and imperatives of the post-Keynesian 
globalization era” (James, 2013, p. 31). Based on Michel Foucault’s (2010) cri-
tique of neoliberalism in his lectures at Collège de France in 1979, I see neoliberal-
ism as a discourse of governmentality that seeks to elevate individualized, 
market-based competition and exchange as the central and most desirable govern-
ing principle for organizing human action and social life, even in areas hitherto 
considered non- economic. One such ‘non-economic’ area has indeed been nature 
(as in natural systems).

When extended to natural systems, neoliberalism has profound implications for 
our ontology of the world. First, because of its roots in classical liberalism and 
hence in  the modern constitution, neoliberalism endorses and further reifies the 
modern dualist ontology mentioned earlier that mereologically divides our planet in 
two separate and distinct ‘worlds’ — a social world and a natural world. But, it 
doesn’t just stop there. Neoliberalism takes another critical step of embedding both 
worlds within an economic world governed by a market-based rationality. As a 
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result, ontologically-speaking, the world gets constituted in terms of only those 
entities and relations that are intelligible under an economic grid of intelligibility. 
For instance, Niyamgiri Mountain in the state of Chattisgarh in India, though rich in 
bauxite ore, is only seen as a sacred site by the Kondh tribe that lives in that region. 
However, significations like sacred or profane are not intelligible in a market-based 
economic discourse. Thus, we find that for the Vedanta mining company that wanted 
to acquire mining rights there, Niyamgiri Mountain could only occupy the ontologi-
cal status of a mining site.

Second, because nature is brought within the purview of an economic logic, each 
entity and its relations are first individuated either as a resource (of goods or ser-
vices) or a sink (of waste matter or energy) by separating them from their context 
through legal and material boundaries. For instance, a forest ecosystem is likely to 
be decontextualized from the local socioecological context and positioned as a 
resource for timber or as a sink for atmospheric carbon. Third, once atomized, enti-
ties and relations in nature get signified and valued primarily in monetary terms for 
their exchange value. Carbon cap and trade approaches to pollution and climate 
change are, for example, based on this ontology of nature, as they seek to create a 
market where carbon pollution and carbon sinks can be monetarily valued and 
traded accordingly. Fourth, individuation and monetary valuation of entities and 
relations makes them abstract in nature in the sense that now entities existing in dif-
ferent place and time can be sorted, classified, compared and treated as equivalent 
or different based on their monetary value and other decontextualized attributes. For 
instance, under the payment for environmental services (PES) program, such as the 
United States’ Conservation Reserve Program, environments in different space and 
time can be compared and treated as equivalent to enable any corporation damaging 
or polluting one location to ‘offset’ its actions by preserving some other location. 
Fifth, because monetary valuation is based on linear, static models of neoclassical 
economics, neoliberal ontology reduces poorly understood complex, nonlinear and 
nondeterministic relations between entities in natural systems to simple, linear and 
deterministic relations.

Such on ontology of nature transmutes entities and relations of the natural world 
into commodities that can be extracted, transported and traded in a global market. 
Commodification of natural resources is certainly not a new phenomenon. The 
resignification of nonhuman entities of the world as ‘fictitious commodities’ 
(Polanyi, 1957) has always been an integral component of capitalist modes of pro-
duction and consumption (Harvey, 2005). What is relatively new with neoliberalism 
is the internalization of natural resources within the economic regime as commodi-
ties that are to be conserved and sustainably exploited in the conservation-as- 
development paradigm of green or natural capitalism (Büscher, Dressler, & Fletcher 
2014). Finally, humans find a place in the neoliberal ontology of nature as environ-
mentally responsible subjects that view environmental action more as a personal 
virtue than as a matter of collective action (Treanor, 2010).

Despite its proclaimed intentions of resolving “the paradoxical idea that capital-
ist markets are the answer to their own ecological contradictions” (Büscher, 2012, 
p. 30), evidence suggests that neoliberal conservation and green or natural  capitalism 
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has neither saved environments nor helped the vast majority of the people (Castree, 
2008). In fact, the state of our planet has worsened since neoliberalism came to 
define capitalism and advanced capitalist societies. It is not surprising then that 
economist Nicholas Stern (2009), while admitting the culpability of neoliberal capi-
talism in damaging our planet, acknowledged that climate change is “the greatest 
and widest-ranging market-failure the world has seen” (p. 11). Thus, we find our-
selves not only facing in the form of climate change “the biggest problem our civi-
lization has ever had to face up to in its 12,000 years” (Clery, 2007), but also appear 
to be in the early stages of the Earth’s sixth mass extinction (Barnosky et al., 2011). 
So much so that it has now become moot if a collapse of global civilization can even 
be avoided (Ehrlich & Ehrlich, 2013).

A critical part of coming to know the world relates to labeling the world, catego-
rizing entities thus labeled in different categories, linking them with meanings or 
interpretations through chains of signification, and ascribing relationships among 
them. Highlighting the importance of the emerging ontology of children, Howard 
Gardner (2011) averred that “the way in which children come to think of classes of 
entities affect the kinds of theories they develop about these classes and the kinds of 
inferences they are prepared to draw” (p. 94). For instance, if a student lumps all 
ocean dwelling creatures as belonging to the class of fishes, she will naturally tend 
to see a whale as a fish, ascribe all fish-like behavior to it and relate to them accord-
ingly. Although naïve ontologies of nature developed outside school have been 
proved to be remarkably robust, science education remains one of the chief socially- 
sanctioned ways through which the society seeks to influence how children come to 
understand the world and figure their place in it (Driver, Asoko, Leach, Mortimer, & 
Scott, 1994). Thus, officially-sanctioned ontologies as reflected in official discourse 
of school science come to acquire an important role in shaping students’ views of 
the world. In the next section, I present ways in which the STEPWISE framework 
centered science instruction at K-12 level presents an appealing alternative approach 
that counters the now dominant neoliberal ontology of nature.

31.3  The STEPWISE Framework as a Counter 
to the Neoliberal Ontology of Nature

Research on representations of nature in school science, such as that by Graça 
Carvalho, Tracana, Skujiene, and Turcinaviciene (2011), Kostas Korfiatis, Anastasia 
Stamou and Stephanos Paraskevopoulos (2004) and Ajay Sharma and Cory Buxton 
(2015), indicates that official discourse tends to offer representations of natural 
systems’ relationships with social systems, and roles of human agency in these 
relationships in ways that align well with neoliberal ontology of nature discussed 
earlier. For instance, science textbook and science standards tend to represent natu-
ral systems as stable and space-time independent systems that are functionally and 
ecologically distinct from social systems. This dualist ontology of nature, while 
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largely erasing human presence from nature, reifies human dominance over nature 
by categorizing it as a separate and independent resource for material ends. Thus, 
nature while externalized from the social is nevertheless brought within the overall 
fold of the economy and made to serve ever increasing demands for profit and capi-
tal accumulation. Further, this substantivist ontology privileges entities over rela-
tions by: (a) showing the natural world as populated by stable entities, both living 
and nonliving, that possess some intrinsic properties on the basis by which they 
interact with the world; and (b) ‘thingifying’ the relations. (Barad, 2003). It can be 
well argued that, once internalized, such an ontology may lead students to accept 
commodification of nature as a natural corollary.

The STEPWISE framework has much potential to enable teaching practices and 
learning experiences that counter substantivist and neoliberalism-aligned ontology 
of nature. I will begin with STEPWISE’s focus on STSE (science, technology, soci-
ety and environment) issues, with particular attention on those that relate to local 
and/or global political economy. My own study with middle school students 
(Sharma, 2013), as well other studies, such as by William Cobern (2000) and Kai 
Nielsen (2012), indicate that students’ understanding of nature, while originating 
from diverse sources, does not deviate much from school science representations of 
nature in at least one crucial aspect: seeing nature as distinct and separate from 
society. Students associate nature with pristine wilderness of wildlife parks, coral 
reefs and polar ice caps — places where human presence or influence is assumed to 
be minimal or non-existent. Further, in my study, I found that students tended to 
think that, while natural world may be under threat and some animal and plant spe-
cies may be endangered because of our actions, they themselves are safe and far 
removed from such dangers. To me, such views are strong evidence of how ever- 
widening metabolic rifts in advanced capitalist societies (Foster 1999) — spatial 
and temporal space between humans and their sources of material sustenance — 
has occluded our abilities to understand and protect the nonhuman world. For 
example, most of us get our bananas from plantations in Amazon rainforests — 
locations that are far removed from us. Thus, even though most of us may care for 
the earth (Kempton, Boster & Hartley, 1995), it is difficult to have intimate and 
valid knowledge or abilities to do much about environmental degradation that 
banana and other agricultural plantations are causing to Amazon rainforests 
(Vandermeer & Perfecto, 2005). John Foster (1999) developed the notion of meta-
bolic rift based on Karl Marx and Friedrich Engels’ (1967) insight about how capi-
talist production “disturbs the metabolic interaction between man and earth, i.e. it 
prevents the return to the soil of its constituent elements consumed by man in the 
form of food and clothing; hence it hinders the operation of the eternal natural con-
dition for the lasting fertility of the soil…” (pp. 504–505). As Foster (1999), Bruno 
Moore (2011) and several other social scientists have argued, global capitalism is 
the single most important reason for the ever-widening metabolic rift in advanced 
capitalist societies. Advanced capitalist societies need to figure ways to reduce met-
abolic rift, not just because it reduces our agency to understand and take successful 
action against socioecological problems; but, more importantly, because metabolic 
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rift creates and aggravates these problems. For instance, metabolic rift has been 
implicated in the worsening conditions for Climate Change (Clark & York 2005).

Now, it is my understanding that school science usually does not do a good job 
at helping students understand the nature and causes of metabolic rift (Sharma, 
2012). However, that can change if the STEPWISE framework is used to teach sci-
ence. In the hands of a capable and committed science teacher, this framework can 
set up problem contexts, offer learning spaces and resources that enable students to 
use their STSE Education, SkillsEducation, Products Education and Students’ 
Research to undertake critical investigations on the nature and causes of metabolic 
rift within their own communities. For instance, an investigation on production and 
consumption chains of processed food industry, as mentioned in chapter two of this 
book by Larry Bencze would be well-suited for helping students understand how 
globalized production, processing, consumption and removal of agricultural and 
food wastes sustain and exacerbate metabolic rifts at both local and global levels. 
Similarly, a well-designed inquiry unit on climate change can help students appreci-
ate the global fluxes, pools and feedback loops of carbon cycle that connect spatio-
temporally separate ecosystems despite the metabolic rift that exists at a local level.

Thus, the STEPWISE framework appears well-suited to counter the nature- 
society dualism integral to the neoliberal ontology of nature. Investigations con-
ducted jointly by students and the teacher under this framework can help students 
understand that, even though modern discourses, such as neoliberalism, encourage 
us to view nature as distinct from the society, from scientific and ontological stand-
points this nature-society dualism is not only outdated and incorrect but also com-
plicit in creating and aggravating ecological crises all over the world. The 
STEPWISE framework can provide students learning experiences that let them 
understand that, “there is no ‘nature in general’ any more than there is a ‘society’ 
which exists as a unified totality — there are only hybrid networks composed of 
specific human and non-human actants, that are of greater or shorter length, are 
more or less dense, and ‘hold together’ for longer or shorter periods of time” (Braun, 
2006, p. 202). It can help them perceive the world as comprising of “specific assem-
blages of humans and non-humans,” in which each entity or actant is constituted by 
relationships in which it is embedded.

For instance, a STEPWISE investigation on domestic cats can reveal how the 
nature-social boundary becomes blurred in an assemblage that include pet-owners, 
their neighbors, pet-food industry and local undomesticated flora and fauna. In the 
United States, cats and their owners emerge as important actants in this assemblage, 
as domestic cats kill a median of 2.4 billion birds and 12.3 billion mammals a year 
(Loss, Will, & Marra, 2013). Similarly, investigations on local rivers and forest 
areas can reveal the extent to which their natural pristineness owes to the careful 
management by humans. In this way, students can learn to substitute subtantivist 
neoliberal ontologies of nature with relational ontologies that privilege relations 
over entities and acknowledge that social and ecological entities and phenomena are 
best understood as expressions of socio-ecological relationships that operate at dif-
ferent spatial-temporal scales (Castree, 2005). Mainstream school science and 
neoliberalism- dominated political economy tend to present relations within and 
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across socioecological systems as linear, simple and deterministic and in support of 
a ‘balance of nature’ standpoint on natural phenomena. Though it may not be easy, 
I would love to see science educators come up with ideas for science investigations 
that allow students to appreciate complex, nonlinear and nondeterministic charac-
teristics of such relationships. There already exist some good exemplars that can be 
used as spring boards for other investigations. For instance, a science inquiry activ-
ity developed by Candace Dunlap of TERC™ and EarthLabs™ project (serc.car-
leton.edu/earthlabs/carbon/lab_5.html) allows students to investigate relationships 
between microbial soil respiration and decomposition with carbon cycle and con-
sider roles of carbon cycle feedback loops in climate change. Further, through STSE 
investigations, students can come to understand that, contrary to their perceptions, 
not only are they not immune from environmental threat but, more importantly, the 
poor and marginalized amidst their communities face many of the same environ-
mental problems that distress people in less developed societies. For instance, based 
on the current understanding about the existence of a ‘climate gap’ between rich and 
poor in the cities of the US in terms of vulnerabilities to adverse effects of climate 
change (Morello-Frosch, Pastor, & Shonkoff, 2009), students can undertake 
STEPWISE investigative science projects that explore leading indicators of ‘cli-
mate gap’ in their own communities.

I am also much enthused by the fact that STEPWISE’s framework focuses on 
controversial issues in its pedagogy. This is because such issues often relate to 
movement of matter and energy across different ecosystems that clearly indicate 
how deeply embedded nature is in global capitalist economic regimes. Secondly, 
controversial issues are good at revealing to students conflicting interpretations, 
interests and motivations of different stakeholders in STSE issues and, thus, better 
prepare them to reconcile differences and employ evidence-based arguments to 
engage in student-led activism. Finally, and most importantly, I am of the view that 
controversial issues can be critical in revealing agency of specific actants in creating 
and aggravating socio-ecological problems. Systemic-functional linguistic analyses 
of school science texts reveal that the grammar of such texts is shaped to “exclude 
and suppress human agency in natural — social relationships or to attribute that 
agency to some anonymous, amorphous and non-individuated group, labeled sim-
ply as ‘people’ or ‘humans’” (Sharma & Buxton, 2015, p. 276). As a result, students 
either do not get to understand specifics of human involvement in (re)creating nature 
and its attendant crises or come to see ordinary people as largely responsible for 
causing socioecological problems through excessive consumption and other eco-
logically damaging actions, such as transporting invasive species. This positioning 
of actions of ordinary individuals as the leading cause of our environmental woes 
suits capitalist systems just fine, as it does a nice job of obfuscating larger and more 
significant sociocultural and politico-economic factors behind environmental stress 
and degradation (Hempel, 1996). For instance, contrary to what school science 
often implies, production activities, such as farming, industry and mining, rather 
than the end-usage by people, are indeed major sources of chemicals-based pollu-
tion (McKinney, Schoch, & Yonavjak, 2012). A focus on controversial issues, I 
therefore believe, can do much to put the spotlight on private corporations’ role in 
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recasting nature as a commodity to be ‘sustainably’ exploited for ever-increasing 
profits and capital accumulation – a mission that invariably leads to ecological ruin 
and social injustices.

My support of the STEPWISE framework as a bulwark against the influence of 
neoliberalism in science education does not assume a facile translation from poten-
tial to realization. A framework can, at best, offer broad parameters, orientation 
and syntax in which to embed locally relevant issues and activities that would 
achieve the desired educational goals. The open-endedness of the STEPWISE 
framework allows science teachers much flexibility and creative space to adopt and 
adapt ideas developed elsewhere — a sort of globalization of grass-root ideas from 
below — that counters top-down globalization of science education imposed by 
policy elite much enamored of neoliberal ideas. However, this open-endedness also 
encumbers the STEPWISE framework with some risks and limitations that in con-
texts marked by limited resources and preparation can potentially lead to outcomes 
that do little to counter the neoliberal ontology of nature. The next section, thus, 
presents some recommendations that, in my opinion, will make the STEPWISE an 
even better program for prioritizing altruistic actions to address socioscientific 
issues in science education.

31.4  STEPWISE: Some Recommendations

A key feature of STEPWISE is the culmination of student projects in sociopolitical 
action. Student participation in such actions is, indeed, critical to the laudable goal of 
preparing students as agentive, critically minded citizens who know how to gather 
and use scientific evidence on STSE issues to improve the wellbeing of other indi-
viduals, societies and environment (WISE). As Bencze opines in the Chap. 2, “because 
of the seriousness of the problems for the WISE linked to decisions about science and 
technology …” we certainly need citizens who are “ready to critique decisions of the 
powerful and take actions to bring about a better world” (personal communication 
with the editor). STEPWISE is open-ended about the nature of action students may 
take to bring about change on the issue related to their investigative project. That is 
good, because students and the teacher, as local actors, are best placed to decide the 
nature and objectives of their research-informed and negotiated action (RiNA). 
However, STEPWISE framework offers little articulation on the nature of actions 
needed for bringing about a sustainable and noticeable improvement in the wellbeing 
of other individuals, societies and environment. As a result, a perusal of possible 
kinds of STSE actions undertaken by students as given in Fig. 2.8 in Chap. 2 by Larry 
Bencze shows that, in most cases, RiNA takes the form of actions undertaken indi-
vidually by students. Individual actions, such as writing letters to members of the 
government and business leaders or educating others on STSE issues (refer Fig. 2.8, 
Chap. 2, this volume), can certainly play an important role in bringing about change 
and also are generally easier and safer to undertake for students. However, I am not 
sure to what extent such actions match the ecological and sociological scales at which 
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socioecological problems express themselves. For instance, most RiNAs take the 
form of local actions. But the fact is that most STSE issues exist on local as well as 
larger regional, national and international scales — both socially and ecologically. 
Local action here is necessary, but rarely sufficient in solving such problems (Ostrom, 
Burger, Field, Norgaard, & Policansky, 1999).

Further, individual responses to larger socioecological problems cohere well 
with the mainstream environmentalist discourse that tends to present environmen-
tal action as personal virtue (Treanor, 2010). They also correspond well with the 
neoliberal discourse, in which it is assumed that an individual is an autonomous 
agent in sole possession of her agency, and her actions as a citizen reflects her 
freely chosen lifestyle. In light of research findings, see for instance Irene Lorenzoni 
et al. (2007), that show that there exist significant social barriers in modern societ-
ies that inhibit even knowledgeable and environmentally conscious people from 
acting in environmentally responsible ways, such assumptions are not only highly 
questionable, but can also lead to actions that may feel good but contribute little to 
resolving the issue. In fact, such RiNAs may even reinforce the impression that 
ordinary people are indeed responsible for the sorry state of the planet and, if we 
all just made good environmentally friendly ‘green’ lifestyle choices, our planet 
would be saved. Such a perspective absolves capitalism of its role in jeopardizing 
life on Earth. It also runs counter to current wisdom amongst ecologists and envi-
ronmental sociologists, in which it is generally agreed that individual environmen-
tal actions can only be effective when they take place in a context of just and 
democratic governance of ecological resources (Dietz, Ostrom, & Stern, 2003). 
That is, individual actions are effective only when they form a part of wider collec-
tive action. From my distant understanding of the STEPWISE framework, it 
appears to me that this entire effort would benefit from a more robust articulation 
of needs of and strategies for RiNAs to be part of or nucleus for some wider and 
sustained collective action.

STSE issues, by definition, are as much social as they are scientific. Further, 
as discussed earlier in the current Anthropocene era, “to talk about nature is to 
talk about humans and vice versa” (Sharma, 2012, p. 47). The STEPWISE frame-
work, however, is focused exclusively on science education. This limitation is 
understandable on pragmatic grounds as a viable strategy to gain a foothold for 
STSE issues based education within the mainstream education system. However, 
in the longer term, it would be advisable to integrate school science more closely 
with social studies within the STEPWISE framework. Such an integration, I 
believe, is critical, not only for understanding typical STSE issues in science 
education, such as climate change and pollution of rivers, but also for social stud-
ies topics, such as the genocide in Rwanda or the conquest of Americas by 
Spanish conquistadors. As Lyn Carter (2008) recommends, perhaps we can bring 
about this integration by learning from the example of Sustainability Science — a 
fast emerging disciplinary field that integrates research and knowledge from 
diverse disciplines of natural and social sciences for fostering sustainability of 
human life on our planet.
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Another way in which the social is under-articulated within the STEPWISE 
framework relates to the role of local community in helping students appropriate 
the four learning domains of the framework — STSE Education, Skills Education, 
Students’ Research and Products Education. I am of the view that STSE focused 
education and student-led RiNAs should also involve the local community in all 
the four learning domains. Cornel West (1999), while talking about Gramscian 
ideas about roles of philosophy in social activism, mentioned in an interview that, 
“… the aim of philosophy is not to become worldly by imposing its elite intel-
lectual views upon people, but to become part of a social movement by nourishing 
and being nourished by the philosophical views of oppressed people themselves 
for the aims of social change and personal meaning” (p. 173). For STEPWISE 
projects, this Gramscian advice would translate as a suggestion that students 
should not be led to think that they or their teachers are the ‘experts’ who are best 
placed to both understand local STSE problems and come up with solutions that 
locals need to adopt if they are serious about resolving their issues. Local com-
munities are the best repositories of expertise in most learning domains, espe-
cially as they pertain to local STSE issues. There is considerable scope within the 
STEPWISE framework for community involvement in all aspects of STSE 
focused and sociopolitical action oriented education. It is possible that some RIAs 
that students have so far done are indeed based on the premise of community 
involvement from start to finish. However, it is my hope that future iterations of 
STEPWISE framework will be founded on the assumption of the engagement and 
equal partnership of local community members as experts in student learning and 
action on STSE issues.

Lastly, it would be very helpful for students as well as local communities if the 
STEPWISE framework can elaborate in much greater detail its own distinct ethi-
cal stance on living in the Anthropocene era, and also equip students to develop 
one for themselves. Such an ethical stance, I imagine, would be critical of the 
ontological implications of neoliberalism. But, more importantly, it should also 
offer staging grounds for constructive suggestions that offer alternatives to neolib-
eral commodification of nature. As Nancy Fraser (1995) argued in the context of 
feminist struggles, I believe that efforts to counter ill-effects of capitalism on our 
planet need “both deconstruction and reconstruction, destabilization of meaning 
and projection of utopian hope” (p. 71). One possible repository of positive visions 
of the future could be local knowledge and practices, as these often embody dif-
ferent and diverse interpretations of the actants and relations found within and 
across local human and non-human assemblages. Unfortunately, these interpreta-
tions have been long subjugated and supplanted by the one favored by neoliberal-
ism in which everything gets valued, sorted and classified as a commodity. 
Frameworks like STEPWISE are well-placed to articulate an ethical stance that 
enables students and local communities to recuperate and re-establish the local 
and alternative meanings so that we all can (re)imagine alternative democratic and 
ecologically sustainable futures.
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31.5  Conclusions

Michel Foucault (1980) once said that,

[t]he essential political problem for the intellectual is not to criticize the ideological contents 
supposedly linked to science, or to ensure that his own scientific practice is accompanied by 
a correct ideology, but that of ascertaining the possibility of constituting a new politics of 
truth. The problem is not changing people’s consciousnesses - or what’s in their heads - but 
the political, economic, institutional regime of the production of truth (p. 133).

The ability of global capitalism to commodify nature rests upon its hegemony over 
regimes of truth that naturalize neoliberal perspectives on nature for elite and masses 
alike. Science education is an important regime of truth that tells students what the 
world is like. As a result, it is also one of the leading discursive pathways for instill-
ing a neoliberal perception of the world on future citizens. The STEPWISE frame-
work can help science teachers and students alike to delink the power of truth from 
the hegemony of neoliberal thought and, thus, denaturalize neoliberal ontologies of 
nature by delegitimizing them and by recuperating alternate ontologies through 
their RiNAs. As I argued in this chapter, the STEPWISE framework offers discur-
sive space and resources needed for this task within the context of science educa-
tion. Equally importantly, it eases students into a performativity that allows them to 
occupy subjectpositions of citizen-activists  — first as apprentices and then as 
mature practitioners. Of course, as indicated in this chapter, there is some scope for 
further elaboration of core ideas and development of overall framework that should 
help STEPWISE achieve its goals.

New creative solutions to big problems often emerge in “interstitial locations — 
nooks and crannies in and around the dominant institutions” (Brecher, Costello & 
Smith, 2000 p. 24). The STEPWISE project is indeed one such solution. However, 
from my distant vantage point, it still appears fragile and in need of sustained sup-
port and collaboration from like-minded efforts in other regions. In recent decades, 
we have seen numerous attempts by such local efforts to link-up transversally with 
similar efforts to outflank dominant forces and change the status quo (Galvan, 
2005). This is akin to globalization-from-below that depends neither on the power 
of the state nor on the market to effect large-scale social change. I end this chapter 
with the fond hope that, in near future, the STEPWISE project will indeed become 
an integral part of wider collaborative, democratic efforts that attempt to renegotiate 
theory and praxis of mainstream science education for a social and ecologically just, 
sustainable future.
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Philosophers have but differently interpreted the world, the point is to change it. (Marx & 
Engels, 1978, p. 7)

In the introductory quotation, Karl Marx and Friedrich Engels point out that 
philosophers—today they might have added the pure (natural, social sciences, 
humanities)—have only interpreted the world in the effort to understand it when the 
real point is to change it: for the well-being of all. The STEPWISE1 approach is 
described as using science education and technology education promoting well- 
being for individual, societies, and environments as a unit (category) that cannot be 
further broken down into elements (e.g. Bencze & Carter, 2011; Bencze & Krstovic, 
2013). Any one of its (five) parts—STSE education, Skills education, STSE actions, 
Students’ research, and Product education—can be understood only in its relation to 
all the other parts and to the STEPWISE approach as a whole. In other words, any 
part is like the proverbial raindrop that reflects its universe. If we were to isolate any 
one part for the purpose of analysis, taking the STEPWISE framework, we would 
find (or want) all the other parts reflected in it. In this approach, science and technol-
ogy education is all over and integral to every part. That is, science and technology 
education is the quintessence of the approach, its driver and its outcome.

The authors and developers of STEPWISE state an underlying goal, which is 
laudable and with which I cannot but agree: the well-being of individuals, society, 
and environment. Moreover, students are asked to take a communitarian view. 

1 STEPWISE’ is the acronym for Science & Technology Education Promoting Well-being for 
Individuals, Societies & Environments. It is a theoretical and practical framework that organizes 
teaching/learning goals in ways that encourage and enable students to self-direct research-informed 
and negotiated actions to address personal, social and environmental problems linked to fields of 
science and technology. To learn more about this framework, refer to Chap. 2 in this book.
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However, why they should take such a view is not so clear. It is particularly important 
to think through this relation between individual and collective, because some mem-
bers of society—and many others less intentionally—do exploit others for the express 
purpose of enriching themselves. This is a form of thought that is kept alive in/as 
societal relation and, therefore, will not be eliminated by teaching—especially not by 
teaching that thinks the collective on the base of the individual—e.g., altruism is 
simply the counterpart to ego(t)ism. Negation does not eliminate that which it 
negates; negation reinforces, and is built on, that which it negates. In the context of 
schooling, which is still oriented to the reproduction of society, STEPWISE becomes 
a contradiction: it aims at the well-being (of all) but may in fact support the differen-
tiation typical for an unjust society.

In this chapter, I formulate an approach for theoretically grounding something 
like promoting well-being of individuals, society, and environment (WISE) in ways 
that take into account society and dialectical relations with its members. That is, 
whereas the WISE approach has been formulated from within science (and technol-
ogy) education—in the way other approaches have been offered, i.e., as “new driv-
ers” (e.g., Fensham, 2002)—the approach I describe takes as its starting point 
history of society and division (of labor) of society into activities that serve general-
ized satisfaction of needs (Marx & Engels, 1983).

32.1  Understanding Activity: A Societal-Historical Approach

STEPWISE is a framework for thinking about curriculum design. It is not a the-
ory in the psychological, sociological, or natural science sense, where we would 
have latent and overt factors that make a system with determinate or mediating 
effects upon each other. As an individual who has had a life-long interest in the-
ory for philosophical reasons, I would want a theory, especially I would want a 
theory that links what students do to society at large. Societal-historical activity 
theory is one such theory that allows me to understand the STEPWISE approach 
not only as currently used in schools but also when it becomes the guiding idea 
for organizing informal learning settings, such as summer camps, after-school 
settings, or museums.

In the societal-historical approach, theorists are concerned with categories and 
holistic analytic units (Leont’ev, 1983). The problem of traditional psychology is 
that it reduces human characteristics to elements (factors) from which the phenom-
enon is constructed. On the other hand, a unit is “an analytic result that—in contrast 
to elements—contains all the fundamental properties that are characteristic of the 
whole, and which represents the irreducible living parts of the unitary whole” 
(Vygotskij, 2005, pp.  672–673). When we investigate properties of phenomena 
characteristically human, the smallest unit turns out to be productive activity 
(dejatel’nost’) (Leont’ev, 1983)—farming, manufacturing, trading, and educating 
constituting some typical examples. The English word activity is actually not clean, 
because it confuses two forms of events that are separate in the original  formulations 

W.-M. Roth



641

of activity theory: societally motivated activity and (vital) activity (aktivnost’). 
Student assignments, experiments, and tasks are not activities in the societal- 
historical approach but are part of schooling, the unit of analysis required for under-
standing what students do and why. The latter in fact retains characteristically 
human properties, such as language, practices, and (societal rather than social) rela-
tions. It has been noted, for example, that human relations within schooling are typi-
cal of the middle and upper classes, and atypical of human relations within working 
classes (Eckert, 1989). For this reason, schooling inherently is biased against work-
ing class students, who either give up their relations or fail because of a mismatch 
between what they practice and what schools enforce; this leads to the fact that 
working class kids become working class adults (Willis, 1977). Thus, as long as 
STEPWISE is part of schooling, I would theorize it in terms of associated charac-
teristics. It is only when the subjects of interest are participants in activism that the 
characteristics will fully reflect those of activism.

The different activities that constitute society have evolved historically through 
increasing division of labor as existing capacities—e.g., division of labor and tool 
production already exist among chimpanzees—come to be generalized and coordi-
nated. Thus, at the beginning of anthropomorphosis, collective hunt existed in the 
division of labor between beaters and killers. Tools were fashioned by those using 
them (Leont’ev, 1959). The first generalized division of labor occurred when some 
members of the group (society) stayed in the camp fashioning the knives and spears 
with which others hunted. In exchange, those fashioning tools would receive prod-
ucts of the hunt. In this way, provision of needs was shifted from the individual to 
the society and, thereby, it became generalized. As long as the individual contrib-
uted to the general provision of needs (control over condition), s/he was enabled to 
meet individual needs (e.g., through exchange processes). Historically, the increas-
ing division of labor led to a patchwork where formal education became one of the 
forms of activities that make a society.2

Once I adopt activity as the unit, then I no longer need to introduce contextualiza-
tion so important to other approaches. Activity includes the (individual or collective) 
subjects of activity, their objects, tools, communities, rules/laws, division of labor, 
and the final products. Each of these aspects of an activity reflects all of the other 
aspects and the activity as a whole (Roth, 2014c). Participating as subject in activ-
ism, I (Wolff-Michael Roth) am different from the subject I am in the university 
(activity = tertiary schooling) or in the supermarket (activity = exchange relations). 
The differences arise from the differences in the societal activity that constitutes the 
ways in which we make sense both as participants and as researchers looking at the 
participating subjects. Some tractor is a very different tool when part of farming 
than part of the repair industry or of tractor pulling and tractor stock racing events. 
These differences are reflected in the different forms of consciousness between the 

2 On an absolute time scale, different societies evolve formal schooling at different time points. 
Moreover, schooling may initially exist on a voluntary level and for those who can afford it and 
later become obligatory for all youth. Some societies did not have formal schooling right into the 
twentieth century.
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farmer and the tractor stock racer. The rules of engagement and relations differ, and 
so does the division of labor. The products of each activity also are different. Thus, 
STEPWISE that is part of realizing schooling activity is different than if STEPWISE 
were part of an after-school or museum (leisure) activity.

Societal activity is a unit that contains within it a full production cycle, begin-
ning with raw materials to the final product (Roth, 2014d). Such changes include 
those at the biological level: even thinking uses energy supplied by food; and even 
the most boring job leads to incremental changes in my capacities to do it (Y.-J. Lee 
& Roth, 2005). Time and change, thereby, are inherent in the analytic unit and cat-
egory of thought. I do not need to theorize learning separately. Participation in 
activity is equiprimordial with change: in the individual, society, and environment. 
That is, participation in activism, when it is in the general interest common to all, 
inherently is for well-being. Anything said to be stable, such as knowledge, comes 
to be problematic, because in a unit of change everything changes as well. Only 
dead things do not change.

Societal activity also frames the goal-directed actions that compose it: actions 
realize the activity, but activity motivates actions. In the context of STEPWISE, 
this would be equivalent to saying that in pursuing WISE issues, some students 
will find that their range of actions increases if they learn to graph. Some action, in 
a different activity, would be a different action. Goal-directed conscious actions 
consist of sequences of conditioned operations—like signing with one’s name is 
composed of writing individual letters. However, we are not conscious of writing 
individual letters but of signing. Learning to graph inherently means labeling 
graphs and writing units—we do not have to think about these parts of the graph 
but they come from our pens or computer actions in the pursuit of producing 
graphs. Some of the research within the societal-historical approach has shown that 
this determination of smaller and smaller parts of the whole goes right down to the 
neural level (Luria, 1973).

Activities are also the most useful frames for understanding the person. Within 
an activity, the person undergoes a process of subjectification (Roth, 2013). That is, 
as subjects of activity they contribute to producing the conditions within activity to 
which they are subject and subjected. Individuals, therefore, not only are agents but 
also patients within activity, which they undergo as much as assist in bringing about. 
Our subjectivities are shaped in and through participation, both determining and 
being determined by the societal relations we entertain with others (Vygotskij, 
2005). The second important category is personality (Leont’ev, 1983). Because we 
participate in multiple activities, all of which are connected into a patchwork that 
makes up society, personality is the ensemble of the societal relations we entertain 
in these different activities—which not only include schooling but also all those 
other ones that make our day, such as life in the family and community, exchange 
(shopping), gardening, apiculture, or leisure. Any person therefore is thought in 
terms of a patchwork that reflects the patchwork of society, but the personal hierar-
chies of these activities are different, which is expressed in the form of different 
personalities. Thus, a person will exhibit very different characteristics when her 
most important activity is that of activism than if activism is lower in the hierarchy. 
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I am a very different kind of activist than the leader of the activist group that had an 
unhealthy Hagan Creek / ḰENES as its object and its revitalized state as its motive.

32.2  Theorizing the Four Principles of STEPWISE

STEPWISE is organized around four principles: constructivism, holism, contextu-
alization, and communitarianism. In the opening parts of the preceding section, I 
suggest that STEPWISE is not a theory in the traditional sense. In this section, I 
comment on how to integrate these principles into a theory of activity.

32.2.1  Constructivism

More than 25 years ago, I became “a constructivist” after having done a PhD in 
the neo-Piagetian paradigm, which combined developmental theory with short-
term memory cognitive theories. Initially, radical constructivism appealed to me. 
But I abandoned the theory when returning to the classroom where I became 
aware of the tremendous social dimensions of learning. My classroom research 
contributed to the establishment of the social constructivist approach in science 
education (e.g., Roth & Roychoudhury, 1992) and to the notion of authentic sci-
ence in science classrooms (Roth, 1995). Since then, having conducted many 
studies especially in the workplace and other informal learning settings, I have 
come up with a lot of evidence in support of the conclusion that constructivism is 
a wrong theory (e.g. Roth, 2011). This is so in particular because to construct is a 
transitive verb and needs an object: we construct something (with the materials 
and tools at hand). But, as pragmatic philosophers suggest, those who are in the 
process of evolving something new—which readers may articulate in their favor-
ite theoretical discourse as evolving a new language, a new discourse, or new 
knowledge—cannot know what they are learning and creating (Rorty, 1989). 
Students are frustrated and ask teachers questions like “Am I right so far?” pre-
cisely because they do not know what the endpoint of their actions lies (i.e., the 
new knowledge, discourse) and, therefore, also cannot be metacognitive about 
what they are doing (Roth & Radford, 2011).

Abandoning the constructivist principle does not hurt the STEPWISE approach. 
Indeed, I would think that the agency | passivity approach is in fact providing it with 
a new tool. If we— like scientists, are subject to radical uncertainty with our actions 
(Roth, 2009)—never know what our situated actions are until after these have hap-
pened (e.g. Suchman, 2007), then the precautionary principle is de rigueur. The 
precautionary principle, however, is the one principle that environmental activists 
have elevated to dominate all discourse not only about the actions of industrialists 
and global market actors but also about the actions scientists, especially those who 
work for Monsanto and similar companies that have become the epitome of evil for 
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environmentalists. If STEPWISE were to reproduce a culture of devil’s apprentices 
by training GMO-happy scientists, then certainly it would not act for the general 
(common) good.

Constructivism is problematic even in its social version because it is built on the idea 
of the individual as the source of its knowledge, identity, actions, motives, or beliefs. It 
therefore fits into an individualist worldview. On the other hand, societal- historical 
theorists note that humans distinguish themselves from other animals in terms of their 
particular society. I therefore had the insight of an appropriate aphorism: mind is in 
society, as the title of one book with translations of Vygotsky texts suggests, because 
society is in the mind. This certainly is the underlying message in the diction that “every 
higher-order psychological function was external, that is, was societal; before it could 
at all be a function it was a societal relation between two people” (Vygotskij, 2005, 
p. 1021). Any idea I may have, any thought, even any invention, inherently is a societal 
phenomenon or is nothing at all—because the word in which I can express the idea 
always is a word for two or, as Vygotsky points out, is not a word at all.

32.2.2  Holism

Integral to STEPWISE is the contention that it is a holistic framework. Thus, “learn-
ing in one domain (e.g., Products) is and should be related to learning in other 
domains (e.g., Skills Education)” (STEPWISE, n.d.). However, if it is holistic, then 
there is no choice about the relation between domains: In a truly holistic approach, 
the relation always already is so that there is no choice whether it should or should 
not be. In the societal-historical approach, whether it focuses on activity or activism 
(Roth, 2010), it makes no sense to separate operations (i.e., skills), which are con-
ditioned parts that make actions, independent of the societal activity. It makes no 
sense to say that teachers should be “addressing elements around the periphery of 
the framework (e.g., Products Education)” (STEPWISE, n.d.). Operations are inte-
gral parts and functions of the societal activity; and when the activity changes, its 
constitutive actions change, and so do the operations (Leont’ev, 1983). This explains 
why engineers and scientists make very different use of the same mathematical 
equation (Brown, Collins, & Duguid, 1989).

Thus, if the framework is holistic then it does not make sense in my world to 
claim the framework to “impl[y] that teaching and learning can begin (and end) with 
any domain” (Bencze & Carter, 2011, p. 659), for every domain is a reflection of, 
tied to, and active in every other domain and in the framework as a whole. In my own 
teaching, therefore, the societal activity was taken as the minimal unit. In experi-
menting, students were developing everything that is required to experiment. If oper-
ations (“skills”) are a function of the activity in a holistic approach, there is no way 
that they can be taught independently. Rather than suggesting that teachers and 
researchers can start with any one of the five domains—STSE Education, Skills 
Education, Students’ Research, Products Education, and STSE Actions—my activist 
theory includes all of these domains (Roth, 2010). It is of the same fractal nature as 
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the societal-historical theory of production (Marx & Engels, 1983). Thus, production 
entails (is for the purpose of) consumption, exchange, and distribution. Each of these 
theoretical terms is again thought in terms of productive activity. For example, there 
are subjects, objects, tools, division of labor, rules/laws, and community in (market) 
exchange activity. Thus, in my approach to activism, students participate from the 
beginning in activism that already exists as possibility at the societal level. Within 
this participation, all the other domains have their place. But because the division of 
labor is integral to my thinking about activity, I do not require every student to engage 
in the typical science process skills. Instead, I think about scientific and technologi-
cal literacy as collective praxis (Roth & Lee, 2002). Thus, we need these forms of 
literacy to emerge at the collective level. Even if some students were to focus solely 
on the legal, ethical, or indigenous aspects of their actions—and therefore not do 
science experiments—they would still contribute to making scientific and techno-
logical literacy emerge collectively. But because of the dialectical relation between 
collective control and individual control, these students and their actions would still 
be constitutive of the collective praxis. Forcing every student to do the same experi-
ment or do the same skills education is hegemonic and undemocratic.

Some readers may suggest that we harm students if we do not make them develop 
skills. But we do not have to make them learn skills—if the students see that learning 
something inherently increases their action possibilities, their room to maneuver, and 
therefore their control over conditions, then not learning not only would be illogical 
through their own eyes but also detrimental (Holzkamp, 1993). This was beautifully 
illustrated in the work of Paolo Freire with peasants, who, once they saw how much 
their action possibilities would increase if they knew how to read, they really wanted 
to learn how to read. Why would they not engage in something that increases their 
control? In another example that turned out to be an interesting experiment in infor-
mal science learning in a museum, students were invited to construct airplanes 
(Leont’ev, 1983). In the first part of the experiment, the young museum visitors 
showed no interest in learning the physics of flying. They saw no need for it given 
that they were pursuing the goal of making nice planes. Then the motive of the con-
struction activity was changed to making the planes cross a certain distance. At this 
point students began to use the physics resources by an order of magnitude more 
following the early crashes of the planes and following their realization that with 
some physics they could gain control over the performance of their planes. We found 
the same to occur in our activist research, where students, seeing what others were 
doing and how they employed particular tools, began to use and learn the use thereof 
without having to be coaxed or required (Roth, 1998a; Roth & Barton, 2004).

32.2.3  Contextualization

The founders of the approach suggest that “STEPWISE education should be set 
within personally relevant and practical ‘real-world’ contexts” (STEPWISE, n.d.). 
Again, from the societal-historical perspective, every activity is contextual. There are 
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some important distinctions to be made. If STEPWISE occurs as part of schooling, 
this constitutes the context. Schooling, however, one of the many society- constituting 
activities, has its own motive: the reproduction of society—not only in terms of its 
cultural knowledge and practices but also in terms of social structure (class). 
STEPWISE would be just another “driver” of science education subject to the pro-
duction and reproduction of an inequitable society (Roth & McGinn, 1998). Little to 
nothing would have been gained, for students engage in the STEPWISE curriculum 
in the way they are engaging in all curriculum: defensive doing/learning to avoid 
negative consequences and harm (low marks/grades for most middle-class students) 
(Holzkamp, 1993). That is, even in my own former teaching, where students contrib-
uted to community activism and whose final evaluation was their participation in an 
activist-organized open house event in the community (Fig. 32.1), the students still 
participated within schooling, which shaped the division of labor (teachers and chap-
erones versus students), the rules, or community of practice (school science). I came 
to the conclusion that to change science learning we have to deinstutionalize science 
and technology education (Roth & McGinn, 1997), making provision for participat-
ing in activism as it already occurs in and through societally motivated activity rather 
than using programs such as STEPWISE to organize school curriculum in yet 
another way. If STEPWISE is used in school systems intending to graduate students 
with differentiating report cards, then “What’d I get?” will continue to be the most 
important question students ask; and (middle and upper class) parents will continue 
to be concerned with grades and report cards that become the key to entering the 
colleges and universities of their choice.

Contextualization should not only refer to situating student inquiry in the world 
they know, which is the very foundation for anything scientific even when the sci-
entific overturns their everyday intuitions. Instead, contextualization also should 

Fig. 32.1 A student reports her findings—from a project including photographing and describing 
a local creek and interviewing the mayor, community members, and indigenous elders
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refer to students’ interests, inclinations, and preferences. In the way some people 
like rock over classical music, we all have preferences for the different fields of 
human endeavor. In this context, not all students take to science; and forcing them 
to do science and technology oriented tasks is just as harmful a context for indi-
vidual development as is presenting scientific and technological book knowledge 
without reference to the settings where such knowledge might come in handy. One 
of the seventh-grade students I worked with, Michelle, experienced little interest in 
doing the scientific experiments that some of her peers did; and she showed little 
interest in the naturalist observations and leaf printing that other girls were doing. 
Her contribution to the overall project of well-being of individuals, society (indi-
vidualized in our municipality), and environment by means of a journalistic 
endeavor: reporting, verbally and photographically, and interviewing people for the 
purpose of informing her community (Fig. 32.1). Forcing her to do a correlational 
study, we would certainly have lost her interest in contributing to WISE. Moreover, 
the selections of academics and educational bureaucrats concerning what is relevant 
knowledge to be implemented in formal education are not used in the field by those 
taking courses. Our research in maritime education showed that the seafarers taking 
college courses for upgrading their status could not use what they knew from work-
ing onboard; and what they were taught in the courses turned out to be useless 
onboard (Emad & Roth, 2008). The electrician apprentices that we followed over a 
four-year period had to learn mathematical approaches (trigonometry) that were 
inferior to far more fail-proof, tool-centered approaches characteristic of electri-
cians’ practices (Roth, 2014b). All the contextualization of trigonometry in the col-
lege classroom failed to make these apprentices better apprentices.

32.2.4  Communitarianism

An important aspect of STEPWISE framework is communitarianism. This aspect is 
defined by stating that “the ultimate goal of all STEPWISE-related lessons and stu-
dent activities should be to encourage and enable them to take action(s) to address 
WISE Problems” (STEPWISE, n.d.). The issue could be approached differently at 
a conceptual level—focusing on the constitutive relation between society and its 
individual members. It has been noted that an appropriate determination of indi-
vidual subjectivity in its relation to societal subjectivity requires us to realize that 
individual life conditions always already are individually relevant societal life con-
ditions (Holzkamp, 1979). As individuals we are exposed to the conditions and rela-
tively powerless. The excesses of globalization and neoliberal trends against which 
STEPWISE are directed (Bencze & Carter, 2011) are but one area in which the 
individual is powerless in the face of superhuman forces. We overcome such pow-
erlessness only in expanding our individual action possibilities (room to maneuver) 
by participating in the (collective) control over general, collective conditions 
(Holzkamp-Osterkamp, 1978). The potentiation an individual experiences is pro-
portional to the extent to which the conditions are relevant to the individual. This is 
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so “because the higher order of societal interconnections necessitates a higher order 
of collective force display to control those conditions” (Holzkamp, 1979, p. 11). 
The formulation pertains directly to the STEPWISE framework, which, through 
student engagement intends to enable addressing well-being of individual, society, 
and environment. We may observe this to occur not through students’ individual 
actions but through their participation in the collective control of which their indi-
vidual actions are a constitutive part. That is, the collective control is the motive and 
individuals increase the control over their own conditions through participation in 
the (collective) control over generalized collective conditions, which in turn are 
concretized in individual conditions.

Most of us do not realize this connection between individual and collective and, 
thereby, come to act against our own interests. For example, buying something that 
is cheaper tends to be against the interests of well-being of our own communities 
because cheaper products tend to come from nations where the workforce is 
exploited (China, Bangladesh, India, Philippines). At the same time, buying foreign 
products—e.g., fruit and vegetables—means not contributing to the maintenance of 
a local workforce (farmers, farm hands), whose own spending would in turn put 
money back into local employment. Most people do not appear to realize that they 
are acting against their own well-being in purchasing cheap products from abroad 
rather than supporting employment in their own community, where the wages have 
to be sufficiently high to allow workers to survive.3 Moreover, buying foreign 
increases the ecological footprint, pollution levels through the burning of fossil 
fuels, and pollution through the use of pesticides and herbicides. Thus, I live in an 
area of Canada where there is the capacity to produce almost 90% of all the vegeta-
bles we consume in the area—but there are only few of us who are willing to shift 
(a large part of) their consumption to less than a 100-mile and even 0-mile diet and 
to contribute to producing the food locally.

The STEPWISE approach focuses on the common good, which is thought in 
terms of “altruism” (Bencze & Carter, 2011, p.  659). I, too, had been thinking 
about the other as integral part of theorizing science education using the term soli-
darity (Roth, 2007b). To think this part of the STEPWISE approach requires theo-
rizing the relationship between the individual and the collective, between the 
individual control over the conditions for the satisfaction of basic and extended 
needs and the collective, generalized control over the generalized conditions—
which occurs at the societal level. Altruism is a rather new word, created during the 
early 1900s by A.  Comte—sometimes considered to be the first philosopher of 
science in the modern sense—and his followers. The word was constructed on the 
model of its opposition, egoism, a term referring to the belief that takes the personal 
mind as the center of being and to the self-centered interests. The Latin alter, other, 
is the basis of the idea of altruism, the selfless concern for the well-being of others. 

3 In Brisbane (Queensland, Australia) bananas, which are grown just outside of the city, are three 
times as expensive as in Vancouver (British Columbia, Canada) where the bananas have come from 
Central America. Brisbanites support Australian farmworkers; Vancouverites contribute to the 
exploitation of farmers and workers in Central America.
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Inherently, therefore, the other is thought from the position of the self (ego), with 
all the theoretical and philosophical weaknesses that come from doing so despite 
the good intentions underlying the concern for the other.

Instead of emphasizing the individual, which then leads to the need to introduce 
the notion of altruism, we may want to focus our attention on general, common 
interests as opposed to special interests of certain groups. Special interests remain 
special interests and cannot be overcome by juxtaposing it by other special inter-
ests—as K. Marx did with his call to a battle between social classes. Unjust working 
conditions cannot be overcome by the special interests of labor unions. The special 
interests might be those gaining from the globalization of markets, which are con-
fronted by the special interests of those opposed to such trends. All we get from 
such opposition is confrontation of special interests. On the other hand, common 
interests are general in the sense that these are mine and those of everyone else. I do 
not need to have a special orientation towards altruism if I act in the common inter-
est, because I act both in the communal and personal interest. General interests 
therefore are those of the other and acting in the general interest is acting in the 
interest of self and others. We no longer need the altruism; and self-interest (ego(t)
ism) will be the same as other-interests (altruism).

32.3  If I Were a (Science) Teacher Again Adopting WISE 
as a Motto …

The creators and developers of the STEPWISE approach invite and work with 
teachers to reorient the ways in which they teach science. I have been a science 
teacher and also directed a science department in the province of Ontario where 
STEPWISE is implemented and where a special version of it is developed 
(STEPWISE, n.d.). As a teacher, I am not a technician but develop ways of thinking 
and implementing curriculum. I also have considerable experience in teaching sci-
ence and technology, especially by means of independent, student-centered inquiry 
and in design contexts where students contribute through activism (e.g. Roth, 
2001b; Roth & Lee, 2004). Most importantly, I also taught personal health and 
development, physical education, and the fine arts. These, too, are dimensions of 
human experience that cannot be disconnected from those that are said to be quint-
essential to the sciences and technology. Concerned with the well-being of my stu-
dents, whether or not they exhibit an affinity for and interest in in science, I articulate 
in this section some of the ways in which I would make sense of and think about 
student learning through contributions to the well-being of the individual, society, 
and environment (WISE).

By its very nature, STEPWISE focuses on science and technology education as 
a starting point (location, origin, position) for thinking about the education of stu-
dents (Bencze & Carter, 2011). In the STEPWISE approach, students are to “apply 
their science and technology education, including their primary and secondary 
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research findings to take socio-political action” (STEPWISE, n.d.). The students are 
to focus on STSE issues; and it is here that the particular is used to frame what stu-
dents are to do and to constitute the context for what and how to learn. As a teacher 
and citizen concerned with the well-being of my students, my own predilection is to 
think science education from a different standpoint—to deinstitutionalize it much in 
the way Italian society was one of the leading countries to rethink its approach to 
psychiatry. Rather than institutionalizing patients, which therefore where discon-
nected from the very societal relations that constitute the foundation of higher-order 
psychological functions and personality (Leont’ev, 1983; Vygotskij, 2005), psy-
chiatry was deinstitutionalized leading to patients living in small groups in the com-
munity, where they were part of societal relations with others.

The authors “have encouraged teachers to help students to develop expertise 
and confidence in conducting correlational studies, as well as experiments, as 
some bases for their actions” (Bencze & Carter, 2011, p. 662). It turns out that this 
also was my own approach as a science teacher early in my work, as I thought sci-
ence education from the standpoint of science education. Like the teachers in the 
STEPWISE approach, I selected the topics or phenomena and students collected 
their own data. Over time, while still teaching, I realized the shortcomings of this 
way of thinking. Students did not have a stake in the What and How of the phe-
nomena under investigation. It was at that point that I created the conditions for 
students to design their own curriculum. For example, in a 6-week unit on electric-
ity that was part of the Ontario curriculum, I provided students with the two-page 
description. Mostly in groups—though one of the 54 students in my three classes 
wanted to work on his own—students were then designing what to investigate and 
how. For example, one group decided to investigate superconductivity, which they 
expanded into a comparative investigation with regular conductors and semi-con-
ductors during discussions with me. They planned the purchase of liquid nitrogen, 
negotiated with the others teachers to have an entire day to do their superconductor 
experiments, and organized the rental of a Dewar flask. Another group decided to 
develop curriculum materials for fifth-grade students. They were later teaching the 
unit to an actual class; and it was this teaching that constituted part of their evalu-
ation. Evaluation, to a large extent, also was shifted to the students. Thus, in a 
discussion with the students, we settled on the following contributions to their 
term grade: 35% teacher evaluation, 5% self-evaluation, and 60% peer evaluation. 
In my approach to WISE, I would shift in a similar way. I would also shift the 
emphasis away from science and technology as the organizers and would make the 
curriculum problem oriented.

During the latter part of the 1990s, while conducting the research on activism as 
a curriculum context, I found out again that many students did not begin their 
 activism with typical science investigations (e.g., Roth & Barton, 2004; Roth & Lee, 
2004). Enticed into activism by newspaper articles and classroom visits of activists, 
a group of four girls wanted to document the state of the local creek in the ways typi-
cal of journalism: using photographs, audio-recorded descriptions produced while 
visiting various parts of the creek, and interviews with the mayor, adults, and 
aboriginal elders. They later reported their findings as part of an activist open-house 
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event in the community, where their exhibit was next to those of the adult activists 
(Fig. 32.1). They were never forced to do the kind of investigations more typical of 
classical science education, such as measuring the speed of the creek water and its 
correlation with the frequency of different organisms or with the depth, width, and 
cross-sectional area of the creek. In and through their interactions with others—e.g., 
during whole-class presentations and discussions—they learned about what others 
were doing and how. They were free to add to their own work something they had 
learned from others, which some did, but were not held to do so—they were really 
engaging in free-choice learning (e.g., Falk, Heimlich, & Foutz, 2009).

As a teacher, I would also want to think curriculum from a whole-life perspective 
rather than from the position of an individual subject (Roth, 2014a). In life, we do not 
do science, technology, history, or mathematics separate from the concerns arising 
from life—unless we are working in a profession that explicitly is associated with 
one of these domains (e.g., as mathematician, physicist, or historian). In life, issues 
are messy and science and technology never have the sole or correct answer. Thus, 
for example, I researched for over a decade the struggle of one part of my municipal-
ity over access to community water that everyone else already has access to (Roth, 
2008). It turns out that water is an issue from the perspective of health, municipal 
engineering, (environmental, community) politics, community development, law 
(ecojustice, environmental justice), geology, and agriculture. Accordingly, very dif-
ferent forms of expertise were brought into the process (e.g., Roth et al., 2004). It 
turns out that there was justified critique of the methods that the scientists used to 
determine water quality; and the valuable historical, qualitative and anecdotal knowl-
edge about water levels were completely disregarded as the (false) scientific evi-
dence was used in the (political) attempt to discount other forms of knowing.

In my own classes, students might learn mathematics while pursuing the ques-
tion of the relationship between the shape of a car and wind friction that they chose 
in the context of the Ontario curriculum on motion. While they were working on the 
data analysis, I might introduce some mathematical or statistical modeling tool, or 
students see these tools used by others. In their focus on the relationships between 
speed and acceleration, the students would be confronted with relations that are the 
very basis for understanding the mathematical topics of differentiation and integra-
tion of a function. My students also discussed philosophical issues, for example, 
discussing texts by the environmentalist / scientist / broadcaster David Suzuki, the 
anthropologist / philosopher Gregory Bateson, or a book with a Wittgensteinian 
take on physics as language by the associate director of the Harvard Smithsonian. 
That is, in my “science” classes, science actually is but one of the things students 
draw on and are concerned with rather than constituting the exclusive goal that 
STEPWISE currently takes.

We can also draw inspiration for rethinking the theoretical foundations of 
STEPWISE by using the ways in which “disabled” come to be integrated in societal 
activity as an analogy. Often, those with some form of “disability,” including autism 
or Down syndrome (trisomy 21), are relegated to special institutions or care facility, 
or simply left to the care by the family. However, a recent Canadian documentary 
shows that some companies have realized that employing “disabled” persons comes 
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with economic benefits—not because the “disabled” are exploited but because they 
are abled in ways that make them do certain jobs better than the nominally “abled” 
persons (CBC, 2014a). That is, in the face of saying that he was hiring “disabled” 
persons, the employer describes them as being better at the job than “normal” per-
sons. Of course, this is a contradiction in terms. It would be much better to say that 
not only we are different from (groups of) others but also that we are different from 
ourselves. We all differ and the appropriate approach to theorizing is to think every 
person in relation to the society that exists only in and through its differently abled 
members, whose abilities differ across the different activities that constitute the 
patchwork of society. There are similar projects with “autistic” individuals, which 
show that these individuals frequently are much better at certain jobs than normal 
ones, such as a high school graduate who works as data analyst for a software engi-
neering company in a job normally done by university graduates (CBC, 2014b).

The authors of the STEPWISE approach find “that implementation of the 
[STEPWISE] theoretical framework … is extremely difficult” (Bencze & Carter, 
2011, p. 660). They report that not a single teacher with whom they worked imple-
mented the model as described and intended. One way of bringing about change 
that worked literally every time we used it is coteaching. In this approach two or 
more individuals teach together each person taking full part in the full responsibility 
for a course (e.g. Roth, Tobin, Zimmermann, Bryant, & Davis, 2002). This model 
evolved in the early 1990s when I assisted an elementary school in its effort to 
address the student-identified need for more student-centered learning. The teachers 
felt inadequate teaching science through design activities. I offered coteaching with 
them, providing opportunities to learn from each other. Over time, teachers became 
so confident in teaching by means of open-inquiry design that they partnered up 
with other teachers to allow them to learn teaching in this way (e.g. Roth, 1998b). 
Thus, as a researcher or head teacher, I would be coteaching with my peers so that 
they could develop the confidence and competencies required. Moreover, students 
would also become part of our debriefing sessions (e.g. Roth et al., 2002). This is so 
because my own predilection is the organization of education around the idea of the 
collective control over condition, and the fact that more important than knowing this 
or that science and technology (and associated skills) is the competence to engage 
in a collective endeavor, where the competencies of the group matter: scientific lit-
eracy is an emergent feature of human practice generally (Roth, 2003) and tran-
scends any intention that begins participation and intentions (Roth, 2007a).

If I were to use WISE as my teaching framework, I would think about activism 
in terms of participation in collective control over conditions. I would want my 
students to develop an appreciation of how their participation in the collective 
control over condition in fact expands their control over individually relevant 
aspects of the conditions. An individual cannot change the municipal bylaws con-
cerning the ways in which we use water, draw on creek-water resources, and 
contribute to its environmental health; but collectively, as one of our studies 
showed, by contributing to community activism and community-based scientific 
literacy (S. L. Lee & Roth, 2003c) and in networks that exercise collective control 
through community action (S. L. Lee & Roth, 2003b), we can change the bylaws. 
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Through their interactions with others, community activists produce “hybrids 
between formal scientific and local situated concerns” (S. L. Lee & Roth, 2003a, 
p. 120). Not all and often many of these activists have scientific background. They 
reflect the patchwork nature of the community, including lawyers, farmers, and 
concerned citizens in addition to some individuals with more traditional scientific 
savvy. These members of the community patchwork have motives determined by 
all the other collective activities in which they are involved; and their participa-
tion in the activist patchwork brings these other concerns to bear on the control 
over the environmental health of the watershed generally and the creek specifi-
cally. Participating is in the interest of the farmer, who, by contributing to the 
collective control also increases control over his conditions, which include the 
quantity and quality of the water available from the creek. The environmental 
lawyer contributes to the local patchwork, which in turn increases collective con-
trol over environmental issues connected with his larger project of extending sus-
tainability through transdisciplinary research.

As a teacher oriented to WISE, I would emphasize a patchwork ontology and 
give up the hegemonic tendency underlying the attempt to push specific science 
skills (down the throats of students who have few options being a captive partici-
pant). I would emphasize the intricate relation of individual and collective control 
over conditions and the expansion of action possibilities (room to maneuver) 
through participation in collective control. But participation in collective control 
requires “skills” scientists often do not have: openness and willingness to accept 
the ways in which non-scientists frame problems (initially). The scientific and 
technological approach often is part of the problem rather than the solution. It is 
precisely by thinking in ways other than that inculcated through science and tech-
nology education—which includes inculcation into the blind spots of the scien-
tific disciplines (Roth, 2001a)—that we come to act in communitarian and 
altruistic ways. We do not want indoctrination in science but perhaps more of a 
discussion of science as a language and tool that does fail to provide appropriate 
answers; my high school students came to this understanding and could make 
choices whether to draw on or reject the scientific ideology (e.g. Roth & 
Alexander, 1997). Thus, for example, my coauthor, a high school student at the 
time, insisted that “scientific and technological rationality cannot provide the 
necessary ethical dimension for making informed choices about dealing with 
issues such as abortion, euthanasia AIDS, or genetic engineering” (p. 139). He 
wanted to work for the “betterment of man,” that is, the well-being of individual 
and society; and he became a pediatric physician.4 These no longer have to be 
motives for what we do, because the underlying orientations already are in com-
munitarian and altruistic in essence.

4 My co-investigator and coauthor of this study, conducted during my last two years as a fulltime 
high school teacher, was a physics student. When he finished his education, which included a PhD 
in cell biology in addition to an MD, he became the third pediatric nephrologist (professor) in 
Canada.
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32.4  Coda

One cannot but agree with the goal of putting the well-being of individuals, society, 
and environment (WISE) in the center of a society’s concerns. This goal ought to be 
framing all of the activities that form society not only of schooling but also of manu-
facture, food production, or resource industries. In adopting such a goal, I would not 
limit myself to science and technology alone but would take the perspective of lit-
eracy in these areas as a collective praxis. There is no reason why persons of all ages 
would or should be excluded from such practice. In this, I see in STEPWISE one 
tiny piece of a bigger puzzle of realizing a changing of the world that Marx/Engels 
make the key point that should underlie all human activity: changing it for the well- 
being of all individuals, all societies, and the earth environment as a whole.
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Part IV
Afterword

 Overview

Welcome to the last section of the STEPWISE edited book. It contains one chapter, 
an ‘Afterword’ written by me. In this final chapter, I have tried to review what I 
believe to be significant aspects of STEPWISE to celebrate and, as well, ways in 
which it may serve as a basis for further curriculum development, implementation 
in educational contexts and educational research and publication. My review of 
chapters in Part II of the book (‘Documentaries’), in which teachers and graduate 
students describe particular situations of uses of STEPWISE to achieve certain 
kinds of educational goals, I note that STEPWISE seems to have significant poten-
tial for helping societies to become more vigilant about decisions made by powerful 
people and groups and, where they perceive problems, to develop and implement 
plans of action to address their concerns/interests. At the same time, it also seems 
clear that dominant perspectives and practices of school science—and, apparently, 
also in science teacher education and in at least one case of community youth edu-
cation—are, to a great extent, antithetical to perspectives and practices inherent to 
the STEPWISE framework. In reviewing contributions of international scholars in 
Part III, similar conclusions seem reasonable. Some scholars provided examples of 
similar projects in their work and, moreover, indicated that such critical and activist 
curricular and pedagogical frameworks are needed now, perhaps, more than ever—
in light of ever-increasing power from socio-economic elite and others. Using ideas 
and examples from their essays/reports, I engaged in some discussions about ways 
in which educators aiming to promote social and ecological justice/sustainability to 
gain some traction in our efforts to bring about a better world for all.
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Chapter 33
Critical and Activist Science Education: 
Envisaging an Ecojust Future

Larry Bencze 

33.1  Introduction

We have bought hook, line, and sinker into the idea that education is about training and 
‘success,’ defined monetarily, rather than learning to think critically and to challenge (p. 95) 
… [The] true purpose of education is to make minds, not careers (p. 107). … A culture that 
does not grasp the vital interplay between morality and power, which mistakes management 
techniques for wisdom, which fails to understand that the measure of a civilization is its 
compassion, not its speed or ability to consume, condemns itself to death (p. 103). (Chris 
Hedges, Empire of Illusion, 2009)

As a science education professor with tenure, which allows me to freely critique my 
university and the wider society, I believe I have no greater responsibility than to 
help provide citizens with expertise, confidence and motivation to critically inter-
rogate sources of power in societies and, where they perceive indiscretions and 
weaknesses, take informed actions to try to make a better world. This mandate 
seems particularly necessary now, as agents of neoliberal socio-economic power 
appear to have rallied diverse and influential groups of actants—locally, nationally 
and transnationally—to causes emphasizing intense wealth concentration by elite, 
often at expense of wellbeing of many other individuals, societies and environ-
ments. Major instruments of such intense wealth concentration—and associated 
significant personal, social and environmental harms—appear to be fields of science 
and technology (and, likely, engineering and mathematics) and their educational 
counterparts, often with support from governments, transnational entities and, 
indeed, many citizens. Since 2006, however, I have been conducting action research 
aimed at understanding factors influencing educators’ uses of teaching and learning 
approaches based on the ‘STEPWISE’ curriculum and pedagogical framework 
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(refer below) to enable citizens to understand problematic relationships among 
fields of science and technology and societies and environments and to develop and 
implement research-informed and negotiated actions to address relevant problems 
they perceive. Joining me over the years in using and/or discussing this framework 
have been many graduate students, teachers and colleagues—many of whom have 
contributed chapters to this book. I am very grateful to them for their dedication to 
causes of ‘social justice’ and ‘environmental sustainability’ (however complex and 
uncertain are these goals)—as well as for their generous contributions to this collec-
tive work.

In this last chapter of this edited collection, I provide summaries of some insights 
I garnered from contributors to this volume—in terms of practical and theoretical 
merits of STEPWISE and, related to those, possible ways forward in continuing 
efforts to contribute to wellbeing of individuals, societies and environments through 
science and technology (and other fields) education.

33.2  Needs for Activist Societies

33.2.1  Problematic Global Neoliberal Hegemony

It seems very clear that societies need cultural transformations that feature citizens 
willing and able to be ever-vigilant in critically analyzing and evaluating decisions 
made by powerful people and groups, including close scrutiny of governments in so-
called ‘democratic’ societies—which evidence strongly suggests often are in dialec-
tical relationships with networks of local, global and transnational self- serving 
capitalist entities. In agreement with many authors in this volume (admittedly, invited 
for such views), it is apparent that the world is virtually blanketed with influences 
from capitalists and other elite (Hardt & Negri, 2009; Harvey, 2005; McMurtry, 
2013; Reich, 2007) who appear to have very-successfully organized networks of 
entities for their benefit. Their influences seem to be particularly powerful in the 
neoliberal era—which, while its origins and meaning are debatable, appears to 
involve considerable intervention in governments (vs. former laissez fairecapitalism) 
and influences on networks of various other entities, collectively promoting condi-
tions conducive to capitalist accumulation (Springer, Birch, & MacLeavy, 2016).

Although capitalism, an economic system prioritizing private ownership of 
resources and means of production for generating profit, has existed for centuries, 
and although it has experienced periodic crises—the most recent being the global 
financial crisis of 2008—over time, it appears to have become increasingly power-
ful. Keys to its strength and resilience appear to be its transnational and discursive 
characteristics. Despite signs of nationalist fervour, such as international athletic 
competitions like Olympic Games and curricular pronouncements about preparing 
citizens for competition in international markets, it is apparent that much power 
exists between nation states as a ‘global capitalist network’ (GCN)—apparently 
involving supranational (separate from nations) bodies, like the World Trade 
Organization (WTO), World Bank (WB), Organisation for Economic Co-operation 
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and Development (OECD) and the International Monetary Fund (IMF), trans- 
national corporations, think tanks, transnational advocacy groups and philanthro-
capitalists (e.g., Bill Gates) that, like a giant three-dimensional spider web, also 
have ties with actants within nation states like pro-capitalist banks, governments, 
schools and universities (Ball, 2012; Hardt & Negri, 2009; McMurtry, 2013). In 
exercising its power, the GCN does not so much turn to military might, although it 
certainly can and has done so. Especially in ‘developed’ countries, it mainly appears 
to use semiotic influences. Through control of news and entertainment media, for 
instance, it has significant influence over public discourse around the world. In a 
similar vein, it is apparent that capitalists often exert their influences in sublimi-
nal—rather than overt, possibly physical—ways. This relates to Foucault’s (2008) 
concept of biopolitics, a range of strategies and structures that enable powerful enti-
ties to influence populations. Through increased public surveillance (e.g., using 
video cameras and, more recently, as Matthew Weinstein points out in Chap. 28 
here, through uses of drones), citizens can, in a sense, be trained to behave in ways 
they presume would be safe for them. At the same time, increased reporting of 
police actions suggesting dangers and proper behaviour can reinforce performances 
by people that align with priorities of the rich and powerful (Lemke, 2011).

33.2.2  Fields of Science and Technology as Instruments 
of Power and Destruction

Although we must think of neoliberal power as existing within networks, it seems 
that fields of science and technology (and, likely, engineering & mathematics) are 
essential instruments in this regard. On the one hand, it is apparent that such fields 
have benefited individuals, societies and environments in many ways. Average life 
spans of humans, for example, have been extended largely because of developments 
in life sciences and medicine and in fields of agricultural science and technology. 
Nevertheless, neoliberal influences over such fields (as part of larger networks) 
seems highly problematic. Many products and services they help generate and dis-
tribute for for-profit consumption seem harmful in many and varied ways. As dis-
cussed in numerous chapters in this book, considerable harms are linked to promotion 
of enthusiastic and unquestioning consumerism (Barber, 2007). Not to belabour this 
point, but humanity faces many potential and realized problems associated with con-
sumerism facilitated by fields of science and technology—ranging, for example, 
from personal health threats linked to industrial food systems (Weber, 2009), includ-
ing those stemming from increasing global obesity rates (NCD-RisC, 2016), through 
to massively-disruptive climate change (e.g., Klein, 2014). Although there are, 
undoubtedly, many ways to understand/explain culpability of fields of science and 
technology with such problems, analyses of reciprocal relationships between phe-
nomena of the world and representations of them (Phenomena ← → Representation(s)) 
seems helpful (Bencze & Carter, 2015). Very briefly, it is apparent that, ironically, 
relatively few people with minimal needs (e.g., in technologically ‘advanced’ societ-
ies) are convinced to develop desires leading them to repeatedly purchase and 
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discard large quantities of products (e.g., cosmetics, electronics, clothing, etc.) and 
services (e.g., financial, entertainment, cosmetic surgery, etc.) largely on bases of 
various changing semiotic representations (e.g., ‘sexy,’ ‘powerful,’ ‘cute,’ etc.) of 
such commercial phenomena. Meanwhile, because companies are legally-allowed to 
minimize their costs in order to maximize profits through, for example, less expen-
sive materials, energy and labour, as well as lack of costs of addressing harms linked 
to their products and services (e.g., cancer and heart disease), many for-profit com-
modities must be considered potentially, at least, harmful to individuals, societies 
and/or environments. Annie Leonard (2010) suggests, for example, that many manu-
factured household cleaning and hygiene products contain numerous untested poten-
tially-hazardous chemicals. Similarly, it is apparent that professionals associated 
with pharmaceutical industries often compromise product quality—such as through 
testing them with young subjects, who are less likely to experience negative side-
effects (Angell, 2004). To add to such consumerist concerns, some companies have 
been known to encourage engineers (in the private and public sector) to design prod-
ucts to quickly fail—perhaps leading consumers to purchase the latest innovations, 
sending many not-so-old products to landfills (Leonard, 2010).

While people are enthusiastically and unquestioningly consuming and discard-
ing massive quantities of products and services, very small fractions of societies 
have been gaining increasing shares of wealth and wellbeing. According to a recent 
report for Oxfam (Hardoon, 2017), for instance, the richest 8 people in the world—
such as Bill Gates, Warren Buffett and Carlos Slim—own more wealth than the 
roughly 3.6 billion people who make up the poorest half of the world’s population. 
Moreover, this situation seems destined to get worse, according to Thomas Piketty’s 
(2014) analyses of patterns in capitalism over at least the last century. Apart from 
hardships arising from lack of significant wages, many citizens of the world strug-
gle through government policies of reduced taxation for rich citizens and corre-
sponding reductions in social spending (Wolff, 2012). Exacerbating this problem, 
apparently, have been financial and legal arrangements allowing wealthy individu-
als and companies to avoid taxation by ‘hiding’ much of their wealth (at least $7.6 
trillion, worldwide) in ‘shell companies’ in countries like British Virgin Islands, 
Luxembourg, Panama and Switzerland—leading to losses to governments in the 
order of 200 billion dollars (US) (Zucman, 2015). With such realities, it seems that 
a/the root of many harms to individuals, societies and environments can be attrib-
uted to the relatively few people capturing—with assistance from fields of science 
and technology (and others)—wealth for themselves.

33.3  Promotion of Critical and Activist Citizenship 
Through Science Education

In light of potential and realized harms linked to influences on fields of science and 
technology (and others) from governments, financiers, companies, transnational 
organizations, banks and others associated with intense profit concentration, many 
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scholars, educators and others have recommended that—among a range of neces-
sary responses to this situation—school science help prepare students to become 
(more) critical and activist citizens on matters of personal, social and environmental 
concern (e.g., Hodson, 2011; Dos Santos, 2009). As discussed in several chapters in 
this book, although curriculum mandates and educational research and development 
regarding ‘STSE’ (relationships amongst fields of science and technology and soci-
eties and environments) and socioscientific (relating fields of science to societies) 
issues have had relatively long and deep histories (Pedretti & Nazir, 2011; Sadler, 
2011), it seems that many such practices stop short of encouraging students to 
engage in highly politicized analyses of STSE relationships and, moreover, where 
problems are discerned by them, to develop and implement plans of action to bring 
about what they perceive to be a better world (Hodson, 2011; Levinson, 2010, 
2013).

This book, of course, provides readers with theory and practice surrounding 
‘STEPWISE’ (Science & Technology Education Promoting Wellbeing for 
Individuals, Societies & Environments) frameworks—which greatly prioritize 
encouragement of teachers to help students to develop expertise, confidence and 
motivation for critically analyzing power relationships amongst fields of science 
and technology (and other, related, fields, like engineering & mathematics) and 
societies and environments and, where they perceive problems, to develop and 
implement plans of action to address them in ways they see fit. As described in 
Chap. 2 of this volume, teachers and others soon judged the original tetrahedral ver-
sion of STEPWISE to be too impractical in contexts of formal schooling, preferring 
a more linear, ‘deficit’ (implying needs to help students overcome deficits in knowl-
edge, skills, etc.), framework. With brief notes about each, these two versions of 
STEPWISE are shown in Fig. 33.1. Most authors in the Documentaries section of 
this book have provided examples of teaching/learning strategies based, to varying 
degrees, on the ‘linear’ version (upper right in Fig. 33.1) of STEPWISE, along with 
examples of student learning outcomes and rationale for their claims. Generally, 
such approaches have, indeed, enabled students to develop and enact research- 
informed and negotiated actions (RiNA) to address STSE problems/issues concern-
ing/interesting them. As an example of such student-generated RiNA projects, a 
student of Mirjan Krstovic (Chap. 6, this volume) recently (2014-15 school year) 
chose to explore potential problems linked to a pharmaceutical company’s apparent 
indiscretions—perhaps supported by government de-regulation—regarding quality 
control measures for generic (unpatented) drugs. As illustrated in Fig. 33.2, after 
reading about the controversy in a local newspaper (reading clockwise from the 
news article), she conducted some secondary research and developed an 
 actor- network map to summarize it, then conducted studies among peers regarding 
their knowledge and understanding of drug company regulation. Afterwards, she 
used her findings to develop a video documentary (uploaded to YouTube™) that 
featured a pharmaceutical industry executive (a clip from which is shown in the 
lower-left of Fig. 33.2) answering questions about the controversy. Through this 
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project, it seems clear this student had a relatively broad and deep understanding of 
apparent problems associated with the drug company in question:

Apotex is able to change test results. First they produce the drugs overseas with poor work-
ing conditions, under paid employees, and minimal Health Canada inspections. Next, the 
drug is shipped to Canada and the records and/or ingredients are misplaced, or left behind. 
Once the drug arrives in Canada, new records are written that pass Health Canada’s policies 
(Student RiNA Report, Jan. 19, 2015, p. 4).

Although perhaps using different approaches than that of apprenticeships depicted 
in Fig. 33.1, meanwhile, several chapters in the Commentaries section of this book 
provide examples of lessons and activities that, while not necessarily always based 
partly on students’ primary research, culminated in student personal and/or social 
actions to address their concerns/interests.

Among teachers who used STEPWISE frameworks in their teaching, I had the 
longest and most direct contact with Mirjan Krstovic (Chaps. 6, 7, 8, 9, 10 and 11, 
13, this volume). I worked with him, starting in Sept. 2011, as an action research 
facilitator regarding his various attempts at developing and field-testing with classes 
of secondary school students diverse lessons and student activities for each of the 
three apprenticeship phases (and student-ledRiNA projects) of the schema in 
Fig. 33.1. Although details of our collaborations are found in several chapters in this 
book and some other books (e.g., Bencze & Alsop, 2014; Bencze & Carter, 2015), 
the summary depicted in Fig. 33.3 may assist readers in understanding potential 
teacher pedagogies, student achievements and relevant action research findings 
(e.g., factors contributing to student achievements). This summary is framed around 
an adaptation of a schema for relationships between ‘science’ and ‘technology’ pro-
vided by Wolff-Michael Roth (2001). In this analysis, because ‘World’ and ‘Sign’ 
co-influence each other, distinctions between ‘science’ and ‘technology’ may not be 
so clear—prompting some to refer to an amalgamated process, perhaps called tech-
noscience (Sismondo, 2008). Adapting this framework to the study of RiNA proj-
ects to address possibly-problematic STSE relationships, we suggest that research 
is analogous to ‘science’ (remembering dialectical processes), or World → Sign 
translations, and action(s) would be analogous to ‘technology,’ or Sign → World 
translations. We suspect both processes would involve negotiations (the ‘N’ in 
RiNA), even within individuals—acknowledging networked ontologies and social 
epistemologies. A key part of our thinking around using this schema to depict RiNA 
projects is my suggestion about existence of ideological gaps (along with  ontological 
gaps reported by Roth (2001)). Such gaps are inconsistencies in translations between 
World and Sign, ontological ones being related to compositional differences (and, 
therefore, potential for translation) between World and Sign, while ideological gaps 
are intentional mistranslations. We suspect that both types of gaps would exist in the 
work of technoscientists, student activists, educators, educational researchers and 
others. However, as part of the Teacher Teaches phase of STEPWISE apprentice-
ships (Fig. 33.1), teachers might, for instance, enlighten students about possibilities 
of technoscientists representing phenomena (Signs) like climate change in ways 
suiting their interests and/or that of their financial sponsors (Kein, 2014; Oreskes & 
Conway, 2010). These might, in turn, motivate students to develop actions to address 
such gaps—such as the video for YouTube™ developed by a student to address 
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concerns surrounding questions about drug testing (World → Sign), as depicted in 
Fig. 33.2. In using the World ← → Sign dialectic as a basis for planning action 
research relating to STSE issues/problems and RiNA projects, however, it seems 
that we proceeded through various research and development foci in ways reminis-
cent of Jerome Bruner’s (1960) concept of the spiral curriculum. In other words, we 
seemed to revisit perspectives and practices relating to the apprenticeship in 
Fig. 33.1 (upper right) at progressively more advanced levels over the six semesters 
(3 years) of our collaboration. We began ‘simply,’ exploring effectiveness of the 
3-phase constructivism-informed apprenticeship—which we eventually felt should 
be repeated, at ‘basic’ (e.g., without reference to actor-network theory [ANT]) and 
‘advanced’ (with reference to ANT) levels (see Krstovic, Chap. 6, this volume). 
Each semester, we explored influences of different aspects of these apprentice-
ships—starting with an investigation into promotion of student-led local correla-
tional studies, which we found appeared to provide them with significant motivation 
for developing and implementing actions in  local contexts (Bencze & Krstovic, 
Chap. 7, this volume). Perhaps the most significant findings relate, however, to help-
ing students to understand and use actor-network theory (ANT) (Latour, 2005) as a 
basis for depunctualizing (Callon, 1991) commodities; that is, to help them gain 
awareness of many actants connected to the commodity that often are highly prob-
lematic, but unseen (punctualized). Using ANT, the student whose work was fea-
tured in Fig. 33.2 acknowledged, for example, roles for numerous actants, including: 
the ‘FDA’ (US Federal Drug Administration), ‘Health Canada’ (Canadian govern-
ment health ministry), ‘the public,’ and ‘destroyed test data.’ Mirjan appeared to 
experience considerable success teaching students about ANT and to create actor- 
network maps using, for example, the metaphor of the Trojan horse (positive actants 
on the outside, harmful ones hidden inside) in association with discussions sur-
rounding The Story of Stuff videos (storyofstuff.org/movies/)—which seem to be 
great aids to the punctualization-depunctualization construct.

33.4  Marginalization of STEPWISE

Although we have seen many wonderful examples of youth’s research-informed 
and negotiated action projects to address problems/issues they perceive in relation-
ships among fields of science and technology and societies and environments, 
including many that address diverse powerful and problematic actants, most science 
teachers, principals, science consultants and, to a great extent, science teacher edu-
cators we have contacted prefer not to use STEPWISE—or, even, many of its core 
principles—in their teaching. Generally, our experiences working with teachers, 
student-teachers and others suggest that many of them are very reluctant to include 
at least the following aspects of STEPWISE in their teaching:

• spending time exploring, reflecting upon and expressing their existing concep-
tions about STSE relationships and RiNA projects;

• using actor-network theory to analyze and depict STSE relationships;
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• learning about power-related problems—particularly those dealing with capital-
ists’ influences on scientists, engineers, etc., government officials and others—in 
STSE relationships;

• designing and self-directing research (generally);
• designing and conducting correlational and qualitative studies (vs. quantitative 

experiments);
• deriving their own (usually socially-negotiated with peers) conclusions from 

investigations;
• using data and conclusions from their research to inform planning of social 

actions;
• implementing plans of action to address STSE problems;
• using actor-network theory to plan or implement networked actions;
• taking actions to affect larger social change, such as through actions on powerful 

people and groups;
• presenting and receiving feedback about their RiNA projects in public fora.

It should also be noted that even Mirjan found that, perhaps largely due to his need 
to report student achievement based on teaching/learning ‘expectations’ defined by 
the government that placed STSE education in the last (from first) position in its 
assessment chart for the three curriculum goals (MoE, 2008, pp.  26–27), it was 
next-to-impossible to allow fully student-directed and open-ended RiNA projects 
(as recommended in the STEPWISE framework [Fig. 33.1]). Consequently, not 
unlike my experiences years ago in promoting student-led research (not consciously 
to be used for actions) (refer to Chap. 2, this volume), it is apparent that some sort 
of invisible hand (Smith, 1776/1976) is inhibiting the sorts of educational experi-
ences listed above. Indeed, we arrived at a similar conclusion in one of our early 
studies—as we explored potential uses of the tetrahedral version of STEPWISE and 
realized that a more linear, perhaps less theoretically-sound, version of the frame-
work (Fig.  33.1) was most feasible for many teachers. As described in Chap. 3 
(Hoeg, Williamson & Bencze) in this volume, it appears there often are numerous 
structural barriers in school systems limiting the extent to which teachers can pro-
mote activities like those in the bulleted list above. In his Chap. (28) in this volume, 
Matthew Weinstein draws upon work of others to suggest that school science sys-
tems’ reluctance to engage in complex and uncertain activities like those listed 
above seems related to so-called grammar of schooling that prioritizes instruction in 
discrete (reduced) packets of knowledge and skills that can be relatively-easily mea-
sured (e.g., through tests).

‘Grammar of schooling’ is a complex and uncertain concept and, indeed, after 
Jacques Derrida (1998), cannot be assumed to mean precisely any one thing. Such 
a claim also can be drawn from actor-network theory (Latour, 2005), which assumes 
any one ‘thing’ to be affected by and influencing dynamic networks of other entities 
(‘actants’). Nevertheless, in light of arguments above, and supported by several 
scholars contributing to this book and elsewhere, much of education seems under 
significant influences of the global capitalist network. Peter McLaren (2000), for 
instance, ‘dramatically’ claimed that “the major purpose of education is to make  
the world safe for global capitalism” (p.  196; emphases added). Although all 
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 educational fields may be affected, it seems logical to assume science education 
may be crucial in contributing to capitalist causes—given importance of fields of 
science and technology in generating for-profit knowledge and inventions/innova-
tions (Mirowski, 2011). Indeed, it is apparent that science education largely aims to 
identify and educate a few students who can serve as knowledge producers (e.g., 
scientists, engineers, etc.) and masses of students who, essentially, may function as 
knowledge consumers (Bencze & Carter, 2011). Students who may serve as knowl-
edge producers tend to be able to quickly comprehend abstract knowledge that is 
rapidly-presented to them in decontextualized ways, abilities that can qualify them 
to provide companies, governments and others with immaterial labour (Reich, 
2007); that is, expertise for analysing/manipulating symbols, including words, con-
cepts, numbers and graphics, to develop and manage formulations (e.g., manufac-
turing & marketing) regarding commodities. At the same time, because of 
competitive environments to which students often are exposed, they are, essentially, 
being trained to take on entrepreneurial characteristics; that is, under pressure to be 
perpetually renewing their identities and competing for limited resources (Means, 
2013). Meanwhile, large fractions of student populations also are prepared to serve 
as knowledge consumers—as compliant followers of labour instructions (e.g., from 
knowledge producers) and enthusiastic and unquestioning purchasers of commodi-
ties (Giroux & Giroux, 2006)—through, for example, being presented with rela-
tively idealized conceptions of the nature of science (Hodson, 2008) that frequently 
involve omission of mention of problematic business-science contracts (Carter, 
2005), and through teachers’ intervention in students’ decisions in empirical activi-
ties (Bencze & Alsop, 2009). In recent years, moreover, it is apparent that fast- 
emerging and widely-disseminated ‘STEM’ (science, technology, engineering & 
mathematics) education initiatives have, generally, prioritized identification and 
education of potential STEM workers—again often at the expense of students’ criti-
cal understanding of problematic relationships among fields of science and technol-
ogy (and engineering & mathematics) and societies and environments (Bencze, 
Reiss, Sharma, & Weinstein, in press; Gough, 2015). Overall, given various pres-
sures on school science/STEM education, it seems that both social justice and envi-
ronmental sustainability are being threatened. Such concerns have been captured in 
ecojustice education initiatives, many of which problematize fundamentals of cur-
rent capitalist systems, including foci on continuous growth, competitiveness, indi-
vidualized entrepreneurialism and perhaps less concern for matters of social justice 
and environmental sustainability (Martusewicz, Edmundson, & Lupinacci, 2015). 
With such threats, it seems it may be even more difficult than in the past to imple-
ment programmes like STEPWISE.

33.5  Towards Ecojust Dispositifs

There are, undoubtedly, numerous approaches that educators and others might take 
to encourage and enable more young people to develop expertise, confidence  
and motivation for critically evaluating practices and products of STEM fields  
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(and others) and, where they identify concerns, take personal and social actions to 
address them. However, in light of neoliberal capitalists’ successes in rallying many 
and varied actants cooperating in their causes, it may be that emulating such tac-
tics—broadly—may be effective. There is, indeed, theoretical justification for this 
approach—in terms of dispositif concepts (Foucault, 2008)— discussed in chapters 
of this book. Derived from the French verb disposer (to arrange), a dispositif is an 
aggregate of actants to form a relatively stable apparatus that supports a particular 
purpose (Lazzarato, 2006). We have seen examples of this within and beyond for-
mal schooling. In examining data from Chantal Pouliot’s (Chap. 17, this volume) 
study of citizen actions to convince municipal authorities to address what citizens 
perceived to be airborne dispersal across their neighbourhoods of a toxic mixture of 
heavy metals (e.g., lead, arsenic, nickel and cobalt), it became apparent to us that 
there were at least two competing dispositifs relating to the dust situation in their 
city; that is, an ‘activist’ dispositif, consisting of some citizens, science data, appeals 
at city council meetings, two class-action law suits, an interactive website, a protest 
march, the dust, etc., and a ‘development’ dispositif, membership that appeared to 
include the mayor, some citizens, port authority members, street cleaning trucks, 
dust monitoring stations, the shipping company, the mining company (not local), 
etc. At the time of writing this chapter, this conflict continues—with the activist 
dispositif not satisfied with rectifying actions (e.g., sprayed dust piles at the port and 
increased cleaning of city streets, but continued refusal to cover the dust piles) of the 
development dispositif. It seems that the latter dispositif is much more powerful 
than the activist network. Having said that, results of the class-action suits are not 
yet known and, moreover, there appear to be precedents elsewhere for successes of 
other citizen movements—in light, for example, of successes of collectives taking 
over businesses that, under neoliberalism, had laid-off employees to maximize prof-
its (Magnani, 2009).

Not only are there precedents for successes of oppositional dispositifs like those 
noted above, there is evidence of such phenomena in research relating to field- 
testing of STEPWISE approaches. Although many or most of the teachers featured 
in this book managed to rally many diverse actants enabling them to implement 
STEPWISE-informed pedagogical practices (e.g., as listed in bullets above) that 
seem antithetical to mainstream—apparently largely neoliberalism-influenced—
practices, I have collected data relating to Mirjan Krstovic’s case (Chap. 11, this 
volume) that seems aligned with methods of institutional ethnography, which often 
involves studies of individuals and data that may reveal hidden assumptions perhaps 
strongly-regulating their ways of thinking and acting (Smith, 2005). This seems to 
have allowed me to gain insights into ways in which Mirjan was, to a great extent, 
able to teach against the grain (Cochran-Smith, 1991). In this line of thinking, it 
seems that Mirjan’s successes can largely be attributed to his participation in a 
 dispositif that, together, appeared to be supportive of the kinds of practices listed in 
bullet-form above (under Marginalization of STEPWISE). Actants in this aggregate 
seemed to include, at least, the following: government curriculum sanctioning 
(MoE, 2008) of ‘STSE’ (relationships among fields of science and technology and 
societies and environments) education; Mirjan, as a high-energy teacher who was 
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driven by desires for pedagogical exploration and equitable student achievement, 
who had a recent Masters of Education degree and whose views about science 
(Naturalist-Antirealist positions on Loving’s (1991) Scientific Theory Profile [STP]) 
seemed congruent with more promotion of critical conceptions of STSE relation-
ships; support from an educational researcher/facilitator (me); and, support from his 
school’s principal and science department head for innovation in teaching and learn-
ing. In light of methods of institutional ethnography, however, it also seems that 
Mirjan was partly able to function as a relatively revolutionary teacher—for reasons 
beyond supportive factors itemized just above—due to his awareness of and possi-
ble shifts in his ontological perspectives. Ontology is any study of the nature of 
existence. Actor-network theory (ANT) is considered an ontological conception, 
positing reciprocal relationships among living, nonliving and semiotic entities 
(Latour, 2005). Perhaps partly through his graduate studies, although this is hard to 
determine precisely, Mirjan appeared to hold ontological conceptions of, for 
instance, his status as a teacher in relation to other teachers:

I was known [in his previous school] for some of my radical approaches and perhaps some 
anti-conformist ideas (e.g., challenging the traditional ‘concepts’ only approach and test- 
teach- test method) in aspiration of a more ‘balanced’ science curriculum [i.e., addressing 
all 3 learning goals [MoE, 2008] (Feb. 26, 2013).

Such views extended, apparently, to his conceptions of societies more generally:

You can probably argue that the level of control of the capitalist system does not exist, or 
[at least] not very much. … We live in a capitalist system controlled by a very few. We are 
subjects of that system. … You call it a democracy, but I cannot protest [as a teacher, under 
a current law] any more (Interview, Jan. 14, 2013).

Finally, his ontological conceptions seemed relatively congruent with his views 
about human knowledge generation (epistemology):

I believe that construction of knowledge depends more on socio-cultural contexts rather 
than strictly adhering to Merton’s institutional imperatives and pure logic. I support the idea 
that one’s psychological make up would interact with one’s logical reasoning, thus affecting 
one’s judgment. In addition, I hold the position that reaching the ‘truth’ about knowledge is 
a matter of consensus amongst professionals and that strict scientific methods may not 
necessarily lead us to the truth about laws and theories governing physical and natural phe-
nomena (Written Statement About Science, Dec. 12, 2012).

In a sense, we could say that, through various means, Mirjan was able to de- 
punctualize (refer above) (Callon, 1991) many aspects of his work that often may be 
punctualized for other educators—perhaps serving as ‘ruling relations’ governing 
(to some extent) their professional perspectives and practices. Consequently, he 
was, apparently, able to contribute to formation of a dispositif supporting many 
(although not all) STEPWISE-informed perspectives and practices, despite opposi-
tion from its antithesis.

In light of arguments and examples above, it seems logical to suggest that mobi-
lization of STEPWISE-informed perspectives and practices (perhaps as ecojustice 
goals) across more educational contexts may be achievable through concerted 
efforts to form dispositifs that cooperate to challenge neoliberal dispositifs that 
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appear to dominate many societies. The exact composition of such an ecojust dis-
positif cannot, of course, be predicted or, even, recommended. As suggested by 
Gilles Deleuze and Félix Guattari (1987), paths of decisions are generally and per-
haps should be more rhizomatic, acknowledging very dynamic characteristics of 
interactions among diverse actants. On the one hand, in line with discussions above 
such as that involving needs to depunctualize often-hidden possibly-problematic 
actants/networks, it seems clear there must be some/significant conscientization; 
while, on the other hand, given that all claims are biased and uncertain, more demo-
cratic decision-making would involve significant praxis (McLaren, 2000). In engag-
ing in such critical reflective practice, perhaps contributing to conscientization, one 
can imagine several relevant ‘stakeholders,’ including: teachers; student-teachers; 
teacher educators; educational researchers; school and school district administrators 
(e.g., superintendents and principals); government education officials; business 
members; STEM workers (e.g., miners, technicians and engineers regarding cell 
phones); politicians; media personnel; etc. In thinking about organizing and facili-
tating negotiations among such diverse stakeholders, it seems pragmatic—if not as 
rhizomatic as desired—to imagine some more structured arrangement of them. As 
illustrated in Fig. 33.4, one such configuration is the tetrahedron that, of course, is 
the form of the original version of STEPWISE (Chap. 2, this volume). Again, while 
there are many possible arrangements one can imagine for facilitating critical reflec-
tive practices among diverse science/STEM education stakeholders, the schema in 
Fig.  33.4 places wellbeing for individuals, societies and environments (WISE), 
which may be considered related to ecojustice goals, at its geometric centre. All 
entities (e.g., action research teams, schools, etc.) would be in dynamic, reciprocal, 
tension with all the others. However, placing wellbeing in the ‘centre’ (acknowledg-
ing the dynamic nature of relationships) may help to prioritize ecojustice goals in 
minds of participants—who might be encouraged to regularly check various indica-
tors, such as the Canadian Index of Wellbeing (uwaterloo.ca/canadian-index- 
wellbeing/). In applying this framework, we can imagine educational researchers 
organizing formation of action research teams, which would initiate various recip-
rocal relationships among other entities like those noted in Fig. 33.4. Other entities 
in the framework could, instead (or perhaps in parallel), initiate such a dynamic 
network. Of course, progress of the dispositif that emerges from such eclectic 
 interactions cannot be predicted. Having said that, it may be that new aggregates 
evolve to co-support ecojustice goals if initiators make that a priority from the 
outset.

Authors of the Commentaries section of this book and some in the Documentaries 
section have provided theoretical lenses and examples that could be infused into an 
emerging dispositif that might start with a more structured framework like that in 
Fig.  33.4. Most, if not all, authors lent support to goals and, to some extent, 
approaches of STEPWISE. Clayton Pierce (Chap. 20), for instance, discussed simi-
larities between STEPWISE and an after-school project in which science students 
investigated matters of food justice through experiences with a community garden 
and seemed to lead to educational actions regarding fair and sustainable food prac-
tices. His chapter also supports uses of actor-network mapping, an emphasis I also 
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gleaned from his book, Education in the Age of Biocapitalism (Pierce, 2013). 
Having said that, many of us supporting actor-network theory have much to con-
sider in reading Neil Ramjewan’s (with Brandon Zoras) critical analyses of this 
theory (Chap. 12). Cassie F. Quigley (Chap. 21), meanwhile, while writing about 
environmental (rather than science) education, describes motivation students gained 
through self-directed research that seemed to inspire more-sustainable actions 
regarding a local controversy surrounding pesticides uses. In these and other chap-
ters, although not always specifically-mentioning it, authors also seemed to support 
the concept of de-punctualization of phenomena (Callon, 1991)—enlightening 
learners to various often-hidden problematic actants associated with common 
 phenomena (e.g., food and insects). Such a process is, actually, mentioned in the 
Chap. (26) written by Audrey Groleau and Chantal Pouliot—in which they describe 
how the game, Decide, provides players with insights into a number of often-unseen 
problematic entities relating to various socioscientific issues. In support of their 
analyses of the Decide game, and perhaps in response to Mellita Jones’ (Chap. 23) 
reluctance to appear to be “preaching” to her students about possibly-problematic 
actants, an argument in favour of such pro-active stances by educators is that some 
critical de-punctualization may be necessary to counter highly-pervasive advertis-
ing to children—at, apparently, increasingly younger ages—by private sector agents 
(Bakan, 2011).

Although authors have provided examples of ways in which STEPWISE-type 
programmes have been implemented, and authors like Clayton Pierce (Chap. 20) 
and others stress needs (perhaps now more than ever) for programmes like 
STEPWISE as alternatives to mainstream neoliberalism-influenced science/STEM 
education perspectives and practices, there are many suggestions among chapters in 
this book indicating struggles to do so. Melitta Jones (Chap. 23), for instance, out-
lines how she gradually accommodated many ideas and approaches inherent to 
STEPWISE.  As a perhaps unintentional response to such struggles, meanwhile, 
Ralph Levinson (Chap. 22) describes successes that participants in the European 
project, Socio-Scientific Inquiry Based Learning, seemed to have had by taking a 
‘stepwise’ approach to programmes like STEPWISE—in the sense of linking their 
perspectives and practices to a very common movement (in Europe and elsewhere); 
namely, inquiry-based learning (IBL). This is a movement about which I have sig-
nificant reservations (Bencze & Alsop, 2009); yet, meeting, in a sense, educators 
‘where they’re at’ may, indeed, be pragmatic.

In implementing programmes like STEPWISE, several authors provided some 
significant theory-informed cautions. It is difficult to assemble their ideas into a 
coherent story, not the least because many of them draw from Gilles Deleuze and 
Félix Guattari (1987)—reminding us that trajectories of any programme are likely 
to and, moreover, should be unpredictable. In that regard, indeed, Jesse Bazzul and 
Shakhnoza Kayumova (Chap. 30) provide an interesting set of arguments around 
relative merits of programmes like STEPWISE that purposely aim to create politi-
cized subjects—a goal that may not well-align with poststructural perspectives. 
Along such lines, Laura Colucci-Gray (Chap. 25) urges us to use another of Deleuze 
and Guattari’s (1976) metaphors; that is, that of the nomad, being and becoming 
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through eclectic interactions with various actants. In such journeys, these and other 
authors in this book allude to various complexities participants may encounter. 
Isabel Martins (Chap. 29) discusses various—not often certain—ways that we 
might consider the concept of wellbeing as a curricular and societal goal. Similarly, 
several authors advise educators and others to be careful when thinking of ‘activ-
ism.’ Matthew Weinstein (Chap. 28), for instance, suggests that the common 
STEPWISE practice of focusing students’ attentions on critical examinations of 
commodities they might purchase may miss attending to some perhaps less immedi-
ate and obvious ‘targets’ of actions, such as uses of drones as means for surveillance 
and control by powerful individuals and groups. Along similar lines, Ajay Sharma 
(Chap. 31) suggests that, while educational actions developed and implemented by 
students directly involved in STEPWISE-informed pedagogical practices are posi-
tive, more efforts may be needed to encourage them to more-directly challenge 
larger systems of power. In taking actions, Matthew Weinstein also wisely recom-
mends that students might benefit from being linked to community activists—who 
often have deep histories in various issues/problems. Laurence and Jean Simonneaux 
(Chap. 27), meanwhile, caution—among their many, rich, theoretical contribu-
tions—that actions need to strike some balances between rational and emotional 
justifications. Finally, again, while perhaps not intending to address such cautions, 
some authors here place considerable emphases on the inevitable situated nature of 
decision-making in such work. Lyn Carter and Jenny Martin (Chap. 24), for instance, 
draw on discursive psychology for this purpose. Wolff-Michael Roth (Chap. 32), 
meanwhile, stresses that many of the concepts and practices inherent to STEPWISE—
including its apparent relatively-narrow focus on science and technology education 
and its communitarian goals—need to be continually treated as part of dynamic and 
unpredictable large-scale systems, which he effectively analyzes in terms of 
cultural- historical activity theory. Overall, it seems clear to see that authors of this 
book have provided readers with many theoretically and experientially strong per-
spectives and practices to consider in initiating programmes of ecojustice 
education.
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