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More than 3 years ago we began exploring the idea of co-editing a special issue on what

we envisioned might take some priority in environmental and science education given the

stake of the planet, its diverse social and ecological communities, and the next generation

of youth who will inherit the inescapable past. We believe that thinking across boundaries

is paramount for diverse cultures and communities that will increasingly deal with big

changes and complex challenges, on the planet, in societies, and in the very nature of what

it means to be a person and a learner. During the past 3 years, the conversation of guest

editors, authors of papers, the more-than-human-world, and others, coalesced into effer-

vescent emergences of ecological mindfulness and learning at the intersections of onto-

logical hybridity (Fig. 1).

Underlying this issue on ecological mindfulness and cross-hybrid learning is the idea

that the field of education has spawned proliferating ‘‘adjectival educations,’’ and that the

proliferation of educational subfields potentially works against the interdisciplinary and

cross-hybrid learning needed to foster scientific and cultural understandings, as well as

action for socio-ecological change. Big changes are upon us; more are coming. With the

changing climate in cultural and physical landscapes, there will be Earthly collisions from

global and interstellar scales, to political and ecological scales, to genomic and nano-

technological scales—which in turn will be interpreted by a vast meshwork of cultural and

epistemological diversity and hybridity.
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Science education, environmental education, outdoor education, experiential education,

place-based education, community-based education, culturally-responsive education,

democratic education, sustainability education, health education, Aboriginal and indige-

nous education, critical pedagogy, social justice education, ecopedagogy, ecojustice edu-

cation, humane education, imaginative education, social learning, problem-based learning,

etc.—all of these adjectival educations, and many others, make significant contributions to

a broad educational discourse that promotes understanding and relating to the cultural,

physical, and ecological environment. Practitioners often associate with one or more of

these subfields, and academics often build careers defining how one subfield differs from,

or is superior to, another. In books and articles, the effort to differentiate between per-

spectives often takes precedence over making connections between perspectives. When

this happens, differentiating labels and protecting turf sometimes become more important

than making connections and building educational alliances—in the service of common

work. In this issue we promote the idea that integration and blending of thought, rather than

disintegration and separation, should be a meaningful purpose of ecological mindfulness.

Correspondingly, these academic tensions may inadvertently perpetuate adjectival

pedagogical practices that may conceal more than they reveal. Consider the ways that

secondary teachers continue to be prepared to think within educational subfields or to teach

within self-contained classrooms, which are largely apart from their colleagues in other

disciplines and disconnected from diverse communities outside of the school. Often,

educators experience few chances for meaningful collaboration. Potential entry points for

cross-hybrid learning also become obscured and, even erased, as the livelihoods, inter-

generational knowledge, and industries of local significance (think fisheries and subsis-

tence) are falsely separated from school. The adjectival and largely sequestered education

of youth and their teachers is highly problematic in light of the most pressing questions

surrounding the future of communities and environments in many nations. Whether it be

the tensions of consumerism in militarized nations, a heightened reliance on technology,

science, or government to solve the world’s problems, misplaced trust in others investing

our money for retirement funds, or ignorance around where one’s food comes from or the

people and places harmed in its way—people who do not know how to deal with problems

in more integrated ways will face serious challenges.

Raindrops spread circles

spawning salmon carcass

wavers, blends

Fig. 1 Spectacles of wild salmon ecology. � 2014 Michael Mueller, Haiku by David Greenwood
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Consider the thinking of people who go to a farmer’s market and complain that organic

food prices are sometimes higher than corporate supermarket prices, while never learning

the shortcuts taken by food corporations. It takes some learning to understand the high

costs of low price, such as social and economic injustice for many people in the labor force,

the inhumane treatment of animals, the degradation of the ecosystems, and the dependency

of industrialized food on the paradoxical neoliberal combination of corporate welfare and

anti-regulatory consumer policies (such as the lack of comprehensive food labeling). How

many people know about and learn to challenge the relationship between farm-raised fish

in the supermarket and the decline of wild stocks? Where does one learn to consider the

absence of Omega-3s that lead to health declines, along with dyed pink flesh used to

comfort and deceive consumers into purchasing a food that appears by all accounts ‘‘safe’’

to eat? What about the shampoo bottle that shows a label with a peppermint plant on it—is

the real plant part of the ingredients or is there a pseudo chemical concoction designed to

make us think it so? Where did all the parts of my computer come from, whose garbage

heap do they eventually befoul, and what are the real social and ecological costs of the

treadmill of production needed to keep the consumer economy moving? Why does media

coverage of the Occupy Movement, Idle No More, or rampant police brutality tend toward

drama rather than substantive political analysis? These examples are just several of many

that can be explored to discuss the authentic contexts that individuals find themselves in

throughout the world as we become more globalized and confused. While there appears to

be hope that people are coalescing around community and environmental problems, the

educational literature has stunted the growth of more integrated holistic perspectives that

can help ‘‘all learners’’ understand the impacts of meshwork’s of emerging cultures on

people, place, and planet.

Despite attempts by academics to pigeon-hole particular (adjectival) types of learning,

most of us participate in a myriad of integrated, mindful activities that we share with

others—within our communities and physical environments, and even within ourselves.

These human activities can bring about a balance in our lives, bodies, and minds. Mind-

fulness as we understand it here is an emerging situated mosaic of heightened perceptual

awareness, cultural attunement, geographic and ecological consciousness, and humility,

recognizing a breathing Earth. Dancing, yoga, kayaking, gardening, karate, fishing,

hunting, mountain climbing, surfing, cooking, music and other cultural arts are all forms of

mindful practice that strengthen and condition our educational balance. Civic engagement

through activism and environmentalism is also a heightened form of mindfulness that

involves the chemistry of the brain, the politics of multiple communities, as well as the

health of the bodies and ecological systems.

Premised on the relational, conversational practices of this journal, we now embark on a

special issue particularly well suited to address concerns of an increasingly fragmented

educational discourse by embracing authors, co-authors, or discussants, who practice forms

of mindfulness, alliance-building, intersectionality, and cross-hybrid learning between

diverse educational fields, and between diverse sectors of the larger ecosociocultural

lifeworld in which we all live, learn, and die. This issue’s dialogue is enriched with the

expansive, inclusive, and accessible ways of writing and research that demonstrate people

taking risks—the kinds of risks that are disallowed when academic labels and fiefdoms

determine the kinds of questions asked, regulate methodologies, and demand compliance

rather than encourage creativity. Equally important, this special issue’s dynamic and

multifaceted array of papers work to unveil the world we are living in, generate nuanced

understandings and perceptions, and inspire action, relationship-building, hope, outrage,
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and transformation. These papers weave a larger narrative of democracy and compan-

ionship in our new world.

Michael P. Mueller is a professor of secondary education with expertise in environmental and science
education in the College of Education at the University of Alaska Anchorage. His philosophy focuses on
how privileged cultural thinking frames our relationships with others, including nonhuman species and
physical environments. He works with teachers to understand the significance of cultural diversity,
biodiversity, and nature’s harmony.

David A. Greenwood is a Canada Research Chair in Environmental Education at Lakehead University
where he also directs the Centre for Place and Sustainability Studies. He has published widely on critical
place-based, environmental and sustainability education. His current interests are in holism and the
‘‘wholing’’ of the human being in relation to the more-than-human contexts of land and place.
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Abstract Academics move a lot. In this autoethnographic essay, I explore aspects of

mobility, rootedness, mindfulness, and learning though my own story of leaving a place I

loved for a new place I was drawn to, a place where I have begun the long and uncertain

process of building new relationships of attachment. We lead mobile lives, even as we

learn to appreciate the benefits of staying put to both people and land. Between rootedness

and mobility lives a rich tension, termed ‘‘place-based transience’’. What do the experience

of place and transience imply for our work as academics, as mindful human beings in the

process of learning and becoming? The essay probes this question and concludes with a

series of haiku—as an example of a particular ‘‘practice of place’’ I’ve found helpful for

connecting me to my new homeplace, even as I question whether I’ll stick around.

Keywords Place � Mobility � Faculty life � Mindfulness � Haiku

Slow shifting ground

According to current evolutionary theory and archeological evidence, Homo sapiens, have

always been on the move. From the jungles of east Africa, our distant common ancestors

first peopled the contiguous savannahs and then spread out in every direction. Presumably,

those early humans were not just curious, but were perhaps mainly pushed by inhospitable

conditions in their ‘‘home range’’ and also pulled by the imaginative prospect of finding

better land, food, shelter, and safety elsewhere. It’s difficult to imagine the trajectories of

M. Mueller and D. Greenwood, Editors for Special Issue on Ecological Mindfulness and Cross-Hybrid
Learning.
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this movement over the course of hundreds of thousands of years of human ‘‘prehistory,’’

but apparently, that is how people got from Africa to North America—probably not more

than 35,000 years ago, or in some places even as recently as about 13,000 years ago (after

the last of the glaciers retreated).

Much further back in geological time, it appears that what to us seems most per-

manently rooted—continental plates and massive rock formations—are also constantly

moving. The Canadian Shield underneath where I live is the largest stable landmass on

earth. Geologists report that this huge chunk of rock of has drifted below the equator and

back again, has been repeatedly submerged in ancient seas, has been thrust upward by

continental collisions, has been buried under volcanic ash, and has been scraped clean

and eroded by glaciers (Grady 2011, p. 43). Today, species we might experience as

‘‘native’’ to a particular place are often masters of mobility. Most of our ‘‘local’’ birds

migrate, and the North American migration of monarch butterflies is a kind of geo-

graphical and generational relay, with females laying eggs to birth their young in ‘‘local’’

stopovers. Perhaps the most obvious and overlooked example of the constancy of

movement is the formation of the ground we all stand on, our vulnerable green and blue

planet itself, which apparently came from a constantly moving cosmological elsewhere

we will never fully understand. Like galaxies, solar systems, tectonic plates, and the

many successions of biological life evolving, dispersing, and adapting to ecological

change on earth, cultures too have always been to a great extent on the move, shaping

and being shaped along the way.

Boomers, stickers, and vagabonds

When I first went to Stanford in ’58, I thought that I would move, the way a lot of

writers do, from university job to university job… at Stanford, I thought I was at the

commencement of some kind of an academic vagabondage that would carry me I

didn’t know where. (Wendell Berry 2012, p. 46.)

In his recent Jefferson Lecture, Wendell Berry reflects on how his writing mentor, Wallace

Stegner, wrote about two kinds of people: ‘‘boomers’’ and ‘‘stickers.’’ According to

Stegner (1995), boomers are ‘‘those who pillage and run,’’ those out ‘‘to make a killing and

end up on Easy Street.’’ Stickers, on the other hand, are ‘‘those who settle, and love the life

they have made and the place they have made it in’’ (pp. xxii, 4). Berry explains further:

‘‘Boomer’’ names a kind of person and ambition that is the major theme, so far, of the

history of the European races in our country. ‘‘Sticker’’ names a kind of person and

desire that is, so far, a minor theme of that history, but a theme persistent enough to

remain significant and to offer, still, a significant hope. (Berry 2012, pp. 10–11)

Throughout the process of co-editing this special issue on ecological mindfulness and

cross-hybrid learning, I have been wondering about how my relationship with place and

movement impacts my work as an academic, and how my work as an (institutionalized?)

academic impacts my relationships. I believe that whatever ecological mindfulness and

hybrid learning are, these potent concepts are intimately entwined with how we experience

and attach meaning to our homeplaces and our workplaces. I also believe that an

academic’s sense of place—what Berry derides as ‘‘some kind of an academic
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vagabondage that would carry me I didn’t know where’’—significantly impacts the

content, form, and purpose of academic work as well as our ability to thrive or wither as

human beings.

Academics move a lot. Within the last few years, my family and I made a major cross-

continental move—from the Palouse hills on the border of Easter Washington and

Northern Idaho, to the boreal forest north of Lake Superior and Thunder Bay, Ontario.

Most of us will move for a job several times in our careers; almost all of us academics

move—‘‘I didn’t know where’’—for graduate school and then for that first faculty position

afterward. It is possible that by definition, we therefore constitute a profession of Stegner’s

‘‘boomers’’—academic vagabonds. Yet few of us academics ‘‘make a killing’’ or end up

on ‘‘easy street.’’ In fact, many of us struggle to find an authentic sense of wellbeing and

belonging in hypercompetitive and regulated workplaces that often function as treadmills

of academic production without regard for what it means to be a whole human being,

let alone a ‘‘mindful’’ one. Within this system, most of us, at any given time in our careers

and for a variety of personal and professional reasons, transplant ourselves (and our

families) to new work/homeplaces and communities. The trigger for such moves is usually

the unpredictable timing of the academic job market and the prospect of a good fit

elsewhere, coupled with opportunities for change that new positions and new places can

offer.

As Berry reflects, this kind of economic mobility may be a cultural norm. But for those

of us who claim deep attachments to place as a form of mindfulness and learning, this norm

of mobility sets up a significant conflict of value: I value my attachments to place (family,

land, community), while at the same time I’ve moved a lot, conditioned early by the

cultural story that something better is out there, a better fitting set of personal and pro-

fessional variables. Is it possible, I wonder, to be both a boomer and sticker?

In this essay, I explore aspects of mobility, rootedness, mindfulness, and learning

though my own story of leaving a place I loved for a new place I was drawn to, a place

where I have begun the long and uncertain process of building new relationships of

attachment. Many dimensions of our lives reflect movements and flows, of ideas,

resources, bodies, events, even places. We lead ‘‘mobile lives’’ (see Elliott and Urry 2010),

even as we learn to appreciate the benefits of staying put to both people and land (Berry

2012). Between rootedness and mobility lives a rich tension that Mitchell Thomashow

(2002) termed ‘‘place-based transience’’ (pp. 163–190). What do the experience of place

and transience imply for our work as academics, as mindful human beings in the process of

learning and becoming?

Methodologically, I have been inspired by Ron Pelias’s (2004, 2011) writing in such

autoethnographic publications as Methodologies of the Heart: Evoking Academic and

Daily Life and Learning: A Poetics of Personal Relations. In his work, Pelias challenges

academics to break silences about how we as people actually experience our professional

lives. He challenges us to be honest about our own limitations, which can be difficult to do

in neoliberal workplaces full of people posturing around rigor, excellence, and produc-

tivity. Yet I believe that the kind of honesty, self-disclosure, heart, and sentiment that

Pelias’s work embodies has to be part of how mindfulness and learning are conceived. I

want to enter the tangle of personal and professional motivations that impact academic

mobility and homecoming, and reflect on what that complexity means for our work and our

life—and for the profession that we have high hopes for even as we recognize and suffer

from its limitations.
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With most immigration stories, motivations for moving are usually both push and pull.

Some circumstances push us away from a place; others pull us toward someplace else. As I

have discovered, both departure and arrival are ongoing. Nostalgia brings me backwards

and makes me question my motivations, while the discovery of new possibilities and

relationships pulls me deeper into where and who I am now becoming. I conclude the essay

by sharing a series of haiku—as an example of a particular practice of place I’ve found

helpful for connecting me to my new homeplace, even as I question whether I’ll stick

around.

Economy and geography

For someone who espouses the merits of place-conscious living and learning (e.g.,

Greenwood 2013), I’m a bit startled to tally up the number of times I have moved:

twenty-six. Thirteen times in my first quarter century; thirteen times in my second. Just

about five times a decade. I’m not sure what to make of this fact. Plainly, I’ve been

somewhat nomadic. It may be why I have such a strong desire to root down into place,

to develop a relationship with it. What drives such frequent movement? Only five of

my moves came before I was eighteen and moved out of my parents’ second house;

most of my moves have been as an adult. Looking back, each of the moves led by

mom and dad were primarily moves of upward economic and social mobility while

staying within the home range of my hometown (not theirs), Madison, Wisconsin. After

moving to Madison as a toddler in 1966, my mom, dad, sister and I moved succes-

sively ‘‘up’’ from university student housing, to a townhouse apartment complex, to our

first home purchased for under $30,000 in 1973, to our second home purchased for

under $60,000 in 1977. Each of these moves corresponded with my dad’s increasing

salary. These homes now hold market values upwards of $300,000 and my parents have

since—after moving four more times—moved to a much less expensive condo across

the street from where my dad went to high school in Shorewood, Wisconsin, just

blocks from Lake Michigan, my sister’s house, and their granddaughter. I recently

moved from the Pacific Northwest to Northern Ontario, in part, to be ‘‘closer’’ to

family in Wisconsin.

Geography, family, and economic mobility—these are the themes of immigration sto-

ries worldwide, and I have for a lifetime experienced them from a place of relative

economic privilege. While millions and billions of people around the planet move as

refugees fleeing oppression, war, dispossession and misery, my moves, and the moves of

most of the people I know well, have involved following the siren song of a good/better job

that fits middleclass expectations, interests, and white-collar abilities, and that is located in

a place that suits my geographical preferences. The year I applied for my first faculty

position, my wife and I made a chart to map the pros and cons of each place I was applying

to. Living then in the stunning Rocky Mountain West, geography led our list of criteria: we

were only interested in living in or near mountains, or in the northern US—places that had

beauty, four seasons, and land to explore and learn from with our young family. Salary was

also on the list, along with teaching load, workplace and community fit, and cost of living.

Back in 2001 there were a lot more jobs—I applied to twelve and got eleven interviews,

eventually accepting the first offer at Washington State University, in Pullman,

Washington.

8 D. A. Greenwood
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Before applying to WSU, I had never heard of Pullman. I figured it must be near

Seattle and was surprised to finally find it on the map only seven miles from the

border of Idaho’s mountainous Panhandle. The job itself began without great promise,

but I was optimistic. I started on a temporary, 3-year contract and was told in hushed

tones that the line could be converted to tenure track ‘‘if everything turned out well.’’

This lack of security hanging over me, I worked myself to the bone trying to publish

well and get quality teaching evaluations in a conventional teacher education pro-

gram, while also offering graduate courses on environmental themes in a new,

comparatively radical doctoral program in cultural studies. During my third year, I

successfully pressed my dean (who required pressing) to convert my appointment to

tenure track and then I kept the pedal down, gunning for early tenure. I remember the

day I got my tenure letter. I sat under a ponderosa pine tree and cried. They were not

tears of joy. I was feeling the grief and the relief of trying so hard to be ‘‘safe’’ in

what felt like an unsafe place.

We moved to Washington for a job, for that first faculty rung in the academic

ladder. I have never been an economic refugee, but like so many of my middleclass

friends and working class relatives over several generations, I have long been an

economic migrant, following opportunities to work for the money I need to live.

Washington was nearly 2,000 miles from family in Wisconsin, and we moved there

with our toddler son without knowing much of anything about the place. It strikes me

now that this is a strange way to live. Referring to people who move for economic

reasons, Wendell Berry writes: ‘‘They have entered into the trial of displacement and

scattering that we try to dignify as ‘mobility’’’ (2012, p. 38). Nine years later—this

time with three kids and a bit more social capital (tenure)—we did it again, moving

from a place where I had worked to make home, community, and livelihood to another

place I hardly knew for the sake of another job that, at the time, seemed to promise

something more for both me and my family. I’m really not sure why I did it, why my

wife Jill and I decided to uproot again from a place we loved to make a transnational

move.

As with our previous move, geography, economics, and family were major factors.

Thunder Bay, Ontario sits on the northern shore of Lake Superior, the great lake whose

southern shore borders my home state of Wisconsin. As a kid I always thought Lake

Superior was wildly north of everything I could imagine. Thunder Bay, the boreal forest,

vast romantic wilderness full of wolves, bears, and big cats just outside of town,

affordable forest dwelling close to the city—these features appealed. Combined with the

proximity to Wisconsin and my aging parents, this was a geographical move back to

family and homeland. But the main factor, of course, was the timing of the academic job

that made considering such a move possible, as well as the desirability of the position

that lured me: a Canada Research Chair (CRC) in Environmental Education. At Lake-

head University, the federal CRC program supports ‘‘productive’’ researchers by pro-

viding continuous course releases, as well as a modest research budget to chair holders.

The most miraculous thing about the CRC is that it truly supports the researcher to

articulate and pursue his or her own research agenda. This may sound something like a

dream academic job, and for someone who likes research and scholarship, in many ways

it is. But as Bob Dylan (2014) sang on his LP Slow Train Coming, ‘‘you gotta serve

somebody’’—even the dream job comes at a cost (http://www.bobdylan.com/ca/node/

26083).

Mindfulness and learning through change 9
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The CRC and the prospect of living more wild with greater daily contact with land and

bioregion closer to my family—these were pull factors in our move that came up against

push factors of staying put in Washington. At the time, in the years just following the

global economic crisis of 2008, WSU was suffering economically, and the pain was spread

over departments and programs across the university. People—friends of mine—were

losing their jobs. Programs full of senior faculty members we getting cut and reorganized

for economic efficiency. Class sizes and teaching/supervision loads were increasing, while

salaries and new hires were frozen. The leadership of College of Education was sending

signals that our college was not immune to further austerity measures. I became part of an

early wave of faculty members leaving for more promising conditions elsewhere before

things got really bad. This exodus of university workers, those choosing to leave and those

forced to leave, meant a buyer’s housing market in our small college town, meaning that

lots of people were selling and leaving, yet few people were buying and relocating from

out of town. Like so many other Americans in the late 2000s, we lost a lot of money when

we sold our house. Our realtor told us we were lucky to get what we got. Such are some of

the middleclass pitfalls of ‘‘mobility.’’

Besides wanting to escape the general hard times of a budget-strapped university cul-

ture, I had also grown increasingly frustrated with a faculty culture that seemed obsessed

with the rules and regulations of teacher education under No Child Left Behind. The

constant emphasis on accountability, epitomized by NCATE and a revolving door of

related state-mandated assessments and regulation, meant that what really mattered to

me—which is how education can be part of a larger movement of supporting greater well

being in human and more-than-human communities—was rarely discussed. Though I was

fortunate and grateful to teach courses where I could continue to explore my passions, the

10 D. A. Greenwood
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culture of our department and college seemed increasingly beholden to the very neoliberal

agendas that have long been the subject of educational critique, including my own. In this

context, the thought of a faculty appointment that expressed explicit support for an eco-

logically conscious transformative agenda—this was nearly irresistible.

There were other personal push factors as well. The region where we lived, called the

Palouse, is home to intensive agriculture. For 5 months a year, bright yellow biplanes fill

the air with their single-engine drone as they spray pesticides on the all the wheat, lentils,

beans, and peas that fuel the region’s economy. Our son has a liver condition, and we often

worried that living in the midst of pesticide drift would be harmful to everyone’s health,

especially his. While I struggled to find satisfying community at work, my wife also longed

for a stronger support network of like-minded women. As a homeschooling educator and

parent, she found few other homeschooling families that shared a progressive to radical

stance on education, and thus often felt isolated in her work. At times, both of us felt very

lonely, like we weren’t able to create the community we wanted so badly to belong to. At

the heart of our decision to move was the paradoxical desire to find a place we could feel

better about belonging to.

Working with nostalgia and grief

I have realized, more and more, that the impulse in my work is the impulse of local

adaptation, which puts the burden squarely on my own life.

It is understood that nonhuman creatures adapt to their place or they don’t live. And

for some reason that I can’t figure out, even the biologists have excused our own

species from that obligation. I think there’s going to be a biological penalty to be

paid for that eventually.

But for humans it’s not just a biological process. It’s a process that involves us

entirely: our imagination, sympathy, affection, our local culture and conversation,

local memory. (Berry 2012, pp. 57–58)

I want to stay put in a place and apparently I’ve been moving around trying to find it. In

2009 when I was interviewing at Lakehead, I told my good friend Madhu Prakash about

our potential move. Madhu has been teaching at Penn State University for over 30 years

and is a long time champion of Wendell Berry’s ideas on mindfulness to place, simplicity,

and common sense (see e.g., Prakash 1994 and this issue). When I told Madhu that one of

the push factors fueling the move was a desire to escape from unwelcoming department

politics, she asked with her typical suggestive wisdom, ‘‘Do you think it will be different

somewhere else?’’ I caught her meaning and agreed that confounding politics are endemic

to higher education and to most workplaces, but I was adamant about the uniqueness of an

appointment that explicitly supported critical environmental, place-based, and sustainabil-

ity education. Five years later—four of them in a new place—Madhu’s question returns to

me like an omen. Of course she was right. I have found the same mix of neoliberal politics

at Lakehead University that I experienced at WSU. The names and faces are different, as

are some of the Canadian cultural cues, but the workplace discourse and associated norms

of behavior are largely the same, leaving me feeling alienated and in a posture of resistance

to something I don’t want to belong to. The difference now is that at this point in my

development as a person and professional, I realize that these feelings of alienation and

lack of belonging are my responsibility: that is, I have the power to shape the course of

events by changing and cultivating the way I respond to external circumstances.
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If this sounds like psychobabble (10 years ago I might have called it that), I want to

suggest that mindfulness means having a better understanding of how our psyches are

patterned by stimulus and response, and that we, through learning, do indeed have the

capacity to respond differently, thus creating different experiences, relationships, and

realities. My wife has been trying to teach me this truth for years, but it wasn’t until I found

myself in a hospital bed being told I needed an intervention in my heart to open an

obstructed artery that I truly began looking at how I respond to feelings of stress and

alienation with defensiveness and constriction.

As most anyone facing a major illness knows, it’s a transformative experience. For me,

the story of settling into my new place is now completely intertwined with the story of my

health. The intimacy between these stories has taught me how much of experience, of

possibilities for mindful learning in place, is colored by one’s psychic, spiritual, and

physical wellbeing—the details of which are often held, or hidden, privately. Facing your

own mortality—this is the ultimate wakeup call—the ultimate movement of mind—and I

have since been trying to respond by becoming more mindful of what truly matters to me,

and to live and work in ways that are authentic to my growing vision of what it means to be

alive and connected in a place. We don’t have forever to figure these things out.

Probably the biggest change my own healing process has brought me to is this: slowly

learning to bring more of my whole self to my work and my relationships. Holistic educators

sometimes refer to this as wholing. Without a doubt, my previous life before waking up to

heart disease involved the suppression of my emotional, spiritual, and physical being and

what I consider an unhealthy dominance of my intellectual and masculine energies over all

aspects of my life. I am convinced that the ‘‘privileging’’ of intellectual energy produced a

kind rigidity in my being at psychic, somatic, and cellular levels that significantly contributed

to the development of heart disease in my body (see Ornish 2010). Similarly, the stifling of

emotional, spiritual, and physical energies can severely impact one’s capacity to connect with

others in ways that foster a sense of community and belonging. In the psycho-spiritual

literature on facing illness and other major life challenges, one of the paradoxes of healing that

people report over and over is the notion of finding ‘‘the gift inside the wound.’’ For me, the

gift inside the wound of heart disease has been learning day by day to reacquaint myself with

and develop the parts of myself that I need to feel whole and well for this limited and time-

sensitive joyride we call life. Such mindfulness means not continuing to perform an academic

identity alone, but rather learning to bring my whole self to my work. I’m no expert. And I

haven’t met many in my line of work.

Nostalgia and loss of place

After 4 years in a new place—over two of these involving a major healing and wholing

journey—I’ve frequently felt a strong sense of nostalgia for how things used to be in both

my former homeplace and workplace. This has come as a surprise, as I felt nothing like this

in any of my many previous moves. Over the years, I’ve even had a shortage of empathy for

my wife’s intense nostalgia for past people and places. But I now believe that the experience

of loss of place is part of the matrix of mobility, and that acknowledging grief over loss is

part of my wholing—that is, my process of opening to a greater sense of belonging.

When I was first recovering from weeks in the hospital, my uncle, a kind of mentor who

had major bypass surgery at my age, told me to read Shakespeare. I didn’t until this past

June. In July my wife and traveled to my Wisconsin homeland to see Much Ado About

Nothing at the American Players Theater. In preparation for this return to place (I’ve seen
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several excellent Shakespeare performances at this remarkable outdoor theater in the past),

I read the play with one of my daughters. While it’s mainly a light romantic comedy, what

I call a delivery vehicle for Shakespeare’s (2014) amazing language and insight into human

experience, near the height of the action I found these lines:

for it so falls out

That what we have we prize not to the worth

Whiles we enjoy it, but being lack’d and lost,

Why, then we rack the value, then we find

The virtue that possession would not show us

Whiles it was ours. (Act 4, Scene 1)

Learning mindfulness means paying attention to signs. This is not irrational, but rather

an empirical and phenomenological attempt to make meaning of new experience, to

connect new experience to developing insights and understanding. Shakespeare’s words

spoke to me because they reflect and deepen my own feelings of loss of place. Joni

Mitchell (2014) said it more plainly: ‘‘you don’t know what you’ve got ‘till it’s gone’’

(https://www.youtube.com/watch?v=xWwUJH70ubM). While I love my new forest home

and continue to see promise in my work despite the systemic limitations of higher edu-

cation, I feel pain at the loss of what I had, pain that is deepened by the awareness that I

really didn’t appreciate how good I had it in my former place. Shakespeare complicates

this awareness, however, saying that when we’ve lost something we tend to ‘‘rack up’’ or

‘‘stretch’’ its value, suggesting that grief over loss is at least in part related to our tendency

to exaggerate the value of what was once familiar and known—nostalgia.

In my case, grief over losing my old place is plainly also grief over losing my old life—

that sense of youthful and limitless wellbeing, the ‘‘golden age’’ I lived before receiving a

heavy medical diagnosis. It is easy for me, as well as for my wife and one of our three

children, to go into a pit of longing for the life we had before we moved: our old home,

friends, and community, less intense weather, a larger university with a more vital graduate

program, the land we knew and loved, the familiarity of American culture for better or

worse, boutique health insurance, and frankly, better and less expensive consumer options,

especially around food, culture, and the arts. When Thunder Bay’s weather frequently

drops to -40� in the winter (about where Fahrenheit and Celsius meet), I wonder what I’m

doing here and sorely miss colleagues that used to drive me crazy. Yet, I’m finding that

these longings for the old life of carefree wellbeing and the familiarity of the known are,

like Shakespeare’s lines from Much Ado, signs for me to pay attention and respond in ways

that will serve me now. This doesn’t mean that the feelings of loss go away, but that I have

a response-ability to respond in ways that help me to connect—through mindfulness and

learning—to where I am now: one of the most ruggedly wild and beautiful places I’ve ever

known full of hearty and kind Canadians who all seem to embody some of that rugged out-

there-ness that I find appealing. Working with mindfulness as a process of wholing means

acknowledging, rather than avoiding, feelings of loss of place, while simultaneously

opening to present possibilities to connect with where I am now.

Haiku and the practice of place in Boreal forest

Connecting on a deep level to a new place takes time. As an advocate of place-conscious

mindfulness and learning, I have long been a promoter of developing intentional ‘‘practices

of place’’ (e.g., Greenwood 2011). For me, a practice of place is akin to a spiritual practice.
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It is something that one does with intention on a regular basis; there is an element of ritual

around it; and over time, the practice deepens, leading to surprising insights that were

neither planned nor foreseen. One of my favorite examples from my teaching is a practice a

grade three teacher committed to one year in Vancouver, BC. Every day, rain or shine, she

and her class took a walk together in the neighborhood to take a look around and see what

was happening. How much more powerful is that than the usual one or two scripted

fieldtrips on the theme of observation? Another example: last spring and summer, I

committed to learning the names of every wildflower bloom I witnessed on my morning

walks. Over the course of three months, I had learned to identify over fifty wildflowers

and weeds; more importantly, I had learned to pay attention to the land in a way that

enhanced my appreciation of it and my participation in its seasonal cycles. This year, over

the same spring and summer seasons, and as part of my morning ritual, I committed to

writing one haiku a day.

As a former English teacher, poetry and literature were pathways to my academic

career, and they remain doorways to mindfulness and learning. Returning to poetry is

returning to the source of creativity that drew me into academe, an energy that is often hard

to access in the day to day tangle of work and family. Haiku is an accessible and simple

form, one that is frequently taught to elementary school children, and it is also a profound,

centuries-old practice of cultivating mindfulness. Haiku’s origins go back over a

1000 years in Japan, and in its relationship to Buddhism and ancient Chinese poetry, it

represents a practice that may be three times that old. I was inspired to start writing a daily

haiku when I discovered Patricia Donegan’s (2008), book, Haiku Mind: 108 Poems to

Cultivate Awareness and Open Your Heart. Donegan writes that:

A fine haiku presents a crystalline moment of heightened awareness in simple

imagery, traditionally using a kigo or season word from nature. It is this crystalline

moment that is most appealing. However, this moment is more than a reflection of

our day-to-day life—it is a deep reminder for us to pause and to be present to the

details of the everyday. It is this way of being in the world with awakened open-

hearted awareness—of being mindful of the ordinary moments of the our lives—that

I’ve come to call ‘‘haiku mind.’’ (p. XI).

Part of what I seek in my own haiku is the experience of haiku mind—that heightened

awareness and openness to the present moment. But as I write the poems, and as I look

back over a collection of several dozen, I also see how much they are an exploration of,

and commentary on, the relationship between my experience of the outer landscape and the

landscape of my interior life. Indeed, probing and harmonizing this interplay between mind

and landscape is at the heart of the ancient traditions of Japanese and Chinese poetry,

landscape painting, and calligraphy (Hinton 2012; Lowenstein 2006).

In conceiving of my haiku in my mind’s eye during morning walks, I seek to reconnect

myself to the landscape, to my place, by opening to its details. In writing the haiku down

on paper, my reflections on connection deepen as I explore the themes that emerge when I

invite landscape and mindscape to intermingle. The three-line, 5-7-5 syllable traditional

form provides a structure that demands brevity and focus. As a novice haiku writer, I have

mostly found following this form helpful, though I recognize that more accomplished

writers break the rules, which I also do on occasion. Not all of my poems are good, and the

ones that I particularly like may only be good to me. I see them as expressions of shifting

parts of my identity as someone seeking to connect to a new place, to the human and more-

than-human community, and to what really matters to me in my life. The poems offer me

something for my continued learning. I offer them here as sacred moments of connecting to
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where I am now and hope they inspire you to develop practices to connect with your place

and whatever you care for most.

I present here five representative poems from my current practice of place. Each is

accompanied by an interpretive or contextual statement (traditionally called the haibun in

Japan) that emphasizes how the poem is an expression of my process of wholing, of

learning to pay attention and belong to a new place.

all day long

the red-eyed vireo sings

here I am, where are you?

Learning the birds of a region, by sight and song, is something I consider basic place

literacy. Listening for what they are saying in their language is only a matter of respect.

This familiar pneumonic for the red-eyed vireo’s song—here I am, where are you?—is

coincidentally the ultimate question, one that in this case the landscape poses, all day long

sometimes, through the vireo’s summer song.

perfect summer day

two garbage men drive their green truck

through forests washed with rain

I live in the forest and some days I won’t even see another vehicle on my dirt road. Once

after rain the sky cleared and the sun shone on everything green. I was walking the road

listening to birdsong and a garbage truck rolled heavily at me out of the woods. The truck

was likely heading toward the landfill; who knows what was compacted in its hold. The

men in the cab were smiling at me.

at the trailhead

the spent condom glistens

like a dreamcatcher

Having a sense of humor is important to me, though I have to work at being a bit less

serious and more lighthearted. Discarded used condoms conjure up lots of possibilities

around my favorite place question: what happened here? The condom is grotesque; the

energy of sex is sacred. The profane and the sacred comingle everywhere and I look for

possibilities to see past the blinders of my judgements.

the neighbor’s woodpile

ten bushcords of birch

loom in summer rain

Heating with wood is a commitment and in the boreal forest people lay up a lot of wood.

Summer is short here and the ritual of wood is year-long and often communal: falling trees,

delimbing, bucking, moving, splitting, stacking, moving again. I’m not as strong as I used

to be, and I can feel that there will be a time when I will opt for an easier way to stay warm.

head stretched out window

the boy takes on the wind—

dad drives home from work

the open window

the rooftop garden, the un-

answered call still beckons

Mindfulness and learning through change 15
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Developing a practice of place through haiku is a practice of gratitude and connection, gifts

I want to share with others wherever I am arriving and returning to.
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From where we came

Up from the Olmecs in Mesoamerica, a tendril

thinning as it crept north – man, woman, child;

and north, from Tanzania and Kenya,

through Sudan and Egypt, north

into Syria, Turkey, Iraq and Iran,

trekking, hunting, reproducing, dying –

an unsteady but steady collective move

through ages: from Australia,

north into Indonesia, Viet Nam and China,

a wavering compass needle

from Africa to Spain, from Spain to France and Germany,

north to Denmark, Sweden, Norway, Finland – how far north

we don’t know: yet north, tribes

splintering into smaller tribes

north, west and east, the collective

thin as coiling smoke.

Several million years

working up and out of Africa; thirteen thousand years

or more in Egypt; more than a million years

M. Mueller and D. Greenwood, Editors for Special Issue on Ecological Mindfulness and Cross-Hybrid
Learning.

A. J. Stewart (&)
Oak Ridge Associated Universities, MC-100, 100 ORAU Way, Oak Ridge, TN 37831, USA
e-mail: stewart.arthur.j@gmail.com

123

Cult Stud of Sci Educ (2015) 10:17–20
DOI 10.1007/s11422-014-9624-x



in China, just fifty thousand years or so

in Australia. Take pause to count

the countervailing flows of people south –

from Siberia across the Bering Strait along the coast

of Alaska, the Pacific Northwest; and the

bend and wend of people east

and south along the coast into Florida; the back-curl

from Spain to Cuba, the flood of people south,

from Mongolia into China, the Picts

merging with Gaels, great sweeps

of intermingling people

from West Africa to the Caribbean;

Mayans merging with Spaniards in Mexico,

Japanese merging with Hawaiians – and the con-

flicted intrusions of people:

from Japan into China and from north Korea, south;

and south, from England into Australia, New Zealand

and South Africa, from Germany into Argentina –

in short, what are we

to make of such things? It is

human by nature to move out, human

by nature to push forth: writing

on clay tablets or on stone with stone

in hieroglyphics the history of an individual life,

or the lives in our communities: which king

begat which sons, which war

was won by which tribe, an arrow of time shot

from left to right or north to south

or from right to left, in

dozens of alphabets, whatever it takes to express

self to the world.

We know this: while thinning out,

curling up and moving

north or east or west or south through time

inevitably

we gain, we lose

great pieces of ourselves: grand ideas

emerge, settle in, get dislodged and shucked off.

Genes are favored or get thinned out,

the hair, the skin, the color of eyes, the width

of noses, molecular

factors in the blood

of this great body, yet what else
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comes and goes? We looked

back then from valley cave-lip out and up to stars

millions of years ago to constellations

signaling fate, and now from mountain-top

through telescopes to faint wobbles of light as planets

traverse the faces of their centering fires

yet always

the air, moisture-laden and hot or

raw and cold, going in

to lung and cell and out

dealing with the flood of data in, what new

gyres to interpolate

a honey-flow or burst of scent, the keen

of what we call a gull wheeling

the air and the thick reek of kelp and salt-splashed rock,

marsh and rot, frog-call, raccoon

looking back, a black-masked face as it

thin-fingers the water’s edge. Desert

beardtongue, Penstemon pseudospectabilis, just one

of many species

bursting to bloom

in this particular case following a wet winter, local

to extreme – why call this species out

here, among millions as an example? Because

it is

like us

just one

of many types: variable, widespread; responding

to environment – the preceding year,

the weather, its nearest neighbors, the night-

time swoop and curl of cool air tumbling

down a canyon, attentive

to the flit of fly and bee, to the

whims of dawn, such

glory in early light this moment, this

small instant, now.
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Oak Ridged National Laboratory (ORNL), then learned and taught stream ecology at the University of
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Abstract In this tribute, I articulate the contributions Michiel van Eijck made to science

education, as experienced through our relation, which ranged from supervisor and col-

league to friend. His ecological thinking about human knowing, which was reflected in his

spiritual inclinations, constitutes his legacy that will have an impact on our field for years

to come.

Keywords Ecological thinking · Spirituality · First Nations · Relations

Om gate, gate, paragate, parasamgate, bodhi svaha

[Om gone, gone, gone beyond, gone completely beyond, awake, so be it]

(Heart Sutra)

Om gate, gate, paragate, parasamgate, bodhi svaha. With these words from the Heart Sutra,
and their Dutch translation, began the official death notice with which Michiel van Eijck’s

family officially notified friends (among which he counted me), acquaintances, and

colleagues that he had passed away. Only weeks before that notice I had received an email

from Michiel’s account that told me about his imminent death. It was not only telling me

that he was in the process of leaving, but the sound of the voice, though using first-person

signifiers, already had a third-person feel. He was here and already departed simulta-

neously. I responded at some length to this email, writing to him about finding strength in

his spirituality, about how an (eternal) life without ulterior motive realizes itself in each

and everyone of us. It is in and through our lives, marked by our coming (birth) and going

(death) that life maintains and renews itself. The email note had talked about a short period

he had left; and although it gave his phone number and address where he could be

contacted, there was no more reply. Within weeks he had passed away. The last
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information I had received was via a Dutch colleague of Michiel, Arthur Bakker, from

whom I also had found out about a serious illness that Michiel apparently had contracted

while in South East Asia in the fall of 2012, only weeks after I had met him in person for a

last time. We had spent 3 h together, in a secluded place at the University of Wageningen,

where I had given a plenary keynote speech at the occasion of a conference for Dutch-

speaking scholars. We talked a lot about spirituality and its relation to, and treatment in,

traditional science education scholarship, and about finding or having found ways of

integrating the two. Already prior to that I had had the sense that this bright young scholar

had felt the need to shift his activities, which earlier had almost exclusively and with

tremendous fervor focused on scholarship in science education, to a part of life that tends

to be cut off and hidden from our research and publication endeavors. While I knew him,

Michiel had come to realize that this (from scholarship normally hidden) part was integral

to who we are, that ecological mindfulness and spirituality are not only something to be

written about but also something that needed to be lived. As a life-long, hybrid, and

dialogical knower and learner, Michiel, in what would be the last stage of his short

presence in life, was exploring all those parts that generally are detached from scholarly

activity. It was while working with me at the University of Victoria, as a post-doctoral

fellow, and in a context where he encountered and worked with members of the local First

Nations, the W
¯
SÁNEĆ (Saanich), that this side of life became central to Michiel’s being.

Much of this tribute, therefore, will focus on what he had learned from them, including

respect, which Michiel practiced by insisting on writing their words in their native

SENĆOŦEN language. In that same spirit, I follow him in this practice.

Crossing of paths and walkabout

There is not much I feel uncomfortable letting you know…

That’s why I call you a friend of mine.

(Michiel, email, February 22, 2012)

Michiel and I had crossed paths before we actually got to work together for a while, and

working together become something like a walkabout, a term used to refer to the journey

that male Australian Aborigines would take during adolescence. Ours was a scholarly and a

spiritual journey, initially more focused on the former and ending in the latter.Walkabout is
quite appropriate for denoting the period of time given that it was during his time working

with me at the University of Victoria when he deeply got involved in trying to understand

aboriginal ways of knowing during, the role of spirituality in their lives, and the ecological

mindfulness in their everyday actions. We started out as mentor/mentee, then became

colleagues, and across these relations, became friends. It is as a colleague and friend that I

write about and for the memory of Michiel. I got to know him quite well and we developed

a friendship that allowed him to talk about his personal struggles (“I am sharing my

personal struggles with you since I consider you a kind of tutor and I trust you

completely.”). In the following, I sketch how I met Michiel and how I had come to

understand his research.

Intersecting lives

I first “met” Michiel (online) in about 2003 or early 2004 when he was writing an article

for a Dutch journal for the teaching of biology (van Eijck 2005). It was, as one of the sub-
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headlines stated, a plea for realistic student research. In this article, Michiel suggested that

scientific method can be taught to students—but not as a list of mandatory skills. He

wanted students to follow their own interests and creativity, and in a context where peer

review played an integral role. He used as an example of my own teaching of science,

where middle school students, in the course of a 5-month unit focusing on ḰENES (Hagan

Creek), participated in local environmental activism (e.g. Roth and Lee 2004). To provide

his readers with some visual materials, Michiel wrote to me asking for photographs related

to my work with middle school students. He included three of these in his article.

Michiel and I had another early exchange without really knowing each other when he

was interested in understanding some work on graphing that I had conducted among

scientists generally and the think-aloud protocols I had collected specifically where

practicing university and public sector research scientists did not do so well on graphs

culled from introductory courses of their own field.

Our third contact followed an email Michiel had received from his PhD supervisor

concerning the advertisement for a post-doctoral fellow position in the Pacific Center for

Scientific Literacy, for which I had obtained funding from the Natural Sciences and

Engineering Research Council of Canada. In May of 2005, he wrote to me asking if the

position was still open (he was a bit late, pre-occupied by the birth of his son), and I

encouraged him to apply. It was during the weeks that followed that I received his already-

impressive curriculum vitae, some sample articles, and a photograph (Fig. 1). Later in

August, we met via an iCHAT/AOL-AIM for an interview in person. Based on this

interview, I offered Michiel a position. Slightly delayed because of finalization of his

dissertation, he eventually took up the position on March 2, 2006. For both of us, indi-

vidually and together, the work in the context of the Pacific Center became unbearable so

that in July 2007 we announced our departure almost simultaneously. Michiel left in

November of that year to take up a tenure track position in the Netherlands, whereas I

resigned as the project principal investigator immediately. Nevertheless, we continued to

collaborate not only while Michiel was completing his post-doctoral fellowship but also

during his initial years as an assistant professor. I received notice from him on March 3,

2012 that he was finally appointed associate professor.

I met for more extensive discussions with Michiel twice after his departure from

Victoria. The first time was during my stay in Amsterdam to attend the 2009 bi-annual

meeting of the European Association for Research on Learning and Instruction; and the

second time was during my one-week stay in Wageningen in June 2012.

Fig. 1 Michiel van Eijck as I
had first seen him
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While Michiel lived in Victoria, he became a very productive scholar. He was insa-

tiable, interested in researching and writing; and he was good at it. In January 2008, Ken

Tobin and I, then co-editors of CSSE, decided to invite Michiel to be the foreign language

editor, a position that Michiel accepted and filled for the subsequent 4 years. Then, just

after returning from a conference in India, he found himself in a separation, which, because

of its surprising nature, he described as “knocking [him] down instantly.” He described the

6 months that followed as a very difficult time, allowing him barely to work “let alone do

some serious writing.” During that time, he asked me to take on the responsibility to

chaperone to completion an article on cultural diversity, which was threatened by the very

nature of (Western) science (van Eijck and Roth 2011). It was during this time while his

“mind was not at ease,” that he searched and eventually found solace in meditation and

Buddhist spirituality.

Innovative scholar and mentor

Michiel was a very driven and productive scholar. As soon as he arrived in Victoria, he

eagerly delved into a first collaborative writing project, where we combined his own earlier

work on technology in science classroom with my interests (van Eijck and Roth 2007b).

We also picked up what unbeknownst to us had become a thread: his interest in engaging

students in real science, and to do so by means of activism. As noted, he had already

published about the activist work I had done with middle grade students in a Dutch teacher-

oriented journal. Now he aimed high, wanting to communicate ideas to biologists, and

doing so in the foremost (by impact factor) journal in the field: PLoS Biology (van Eijck

and Roth 2007a). It became indicative of Michiel’s drive: always aiming high, always

wanting to get his work into the most prestigious journals.

One strand of his interests concerned the role of inscriptions, both in the ways these

were used in science and also in the ways science was presented and represented from

within and from outside of the field. Thus, for example, he became very suspicious about

the findings of other research that attributed images of science to students; he argued

instead that these images of science attributed to students were an artifact of method (van

Eijck et al. 2009), on the one hand, and a cultural feature that merely reflected the ways in

which people come to encounter science and scientists, for example, in textbooks or on

television (e.g. van Eijck and Roth 2008b). These images of scientists and the images that

scientists had used—e.g., those that the British physician William Harvey had drawn and

that became iconic for science as such—were the results of monological classroom pro-

cesses that asserted—e.g. by means of the triadic dialog pattern (IRE)—the truth of and

about science (van Eijck and Roth 2011). While mentoring one of the doctoral students on

our team (Pei-Ling Hsu), he pursued the question of how an internship in a scientific

laboratory was changing the images high school students have about science (Hsu et al.

2010). It was in this sustained program of research that he arrived at coining the idea of

imagination, the ways in which scientists and science are turned into images (rather than in

the sense of unreal, subjective impressions) (van Eijck and Roth 2013). While we were

emailing each other about writing some book together, Michiel sent me a note in May 2010

how he had come to understand that “images of science in science education are much

more central to cultural studies of science education than I recognized initially.” He

continued writing that “culture is all about the way people make available particular

images of the world. So a book about images of science in science education is inherently

about the culture of science in science education.”
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While working in the Center of Scientific Literacy, and because of some of the con-

nections that we had established with local activists in the context of which we had

ongoing research projects including the replanting of eelgrass that Nikki Wright and

SeaChange were doing together with members of local First Nations (Boyer et al. 2009),

Michiel became increasingly interested in the relationship between local knowledge and

scientific knowledge, and he coined the notion of scientific literacy in the wild (van Eijck

and Roth 2010a). The form of literacy he conceived of was situated, distributed, and

dynamic in everyday local affairs rather than a stable body of knowledge to be memorized.

It was also a form of literacy that was integrated into and to be seen from a life-long

learning perspective, where it offered resources to people for expanding the available

ranges of actions and the room to maneuver available to people in the context of con-

tentious issues (Roth and van Eijck 2010). One form of local knowledge became especially

important: traditional ecological knowledge. Increasingly Michiel oriented towards the

relationship between traditional ecological knowledge and Western science (e.g. van Eijck

and Roth 2008a), and especially the colonizing and disrespectful practices arising from the

privileging of science. Picking up on the idea of “authentic science,” which already had

featured in his earlier work (van Eijck 2005), he now began to rethink this notion in the

context of traditional ecological knowledge (e.g. van Eijck and Roth 2009). Michiel felt

that voices other than sciences needed to be heard and were integral to a respectful,

ecological mindfulness. It was not surprising to me, then, to receive in March 2010 an

email pointing me to a news release of the European Science Foundation entitled “Listen to

the Natives for Better Environmental Monitoring” (ESF 2010). It reported on a case in

Northern Quebec, where the Cree had alerted wildlife managers about a collapse of the

moose populations, who did not take the Cree serious because the scientific representations

did not show such a decline.

Michiel’s start as an assistant professor was difficult, to a great part because of what he

described a “stressful battle” with a more senior professor, who was also in a power-over

position. Michel, who has always been forthright stating what he was thinking, described it

as “having been too difficult to keep my [his] mouth shut about the flaws in [some]

project.” He could not apply for promotion when he was ready because new terms of

qualification “popped up from nowhere.” As a result, and to exhibit collegiality, he felt

forced to “do poor research.” He decided “to be obedient to stupidity,” which he described

to be shameful but necessary. He was reminded of the struggles he had with another senior

person while at the university of Victoria, where I had to come to his rescue repeatedly.

Michiel wrote to me: “It seems to be part of the academia that these kind of people find

their way upwards and do everything to safeguard their position, even if this requires

exerting power in academically counterproductive ways. So my ultimate aim in academia

is a kind of independence that allows me to avoid any contact with these anti-academics. In

this way you are a shining example to me.” Thankfully, the situation changed toward the

better. By early 2011, the situation had improved, hierarchical positions being taken by

new individuals, which led to a rapid and uncontroversial promotion.

Research interests

Given the tremendous publication record that Michiel had built up over a very short period

of time, it may surprise few readers that I agreed to nominate him for the early career

award that the National Association for Research in Science Teaching. In this application,

Michiel described the emergence and evolution of his research interests. These he
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described as having been grounded in sociocultural perspectives on science education. He

was focusing on the question of how genuine scientific practice can become part of the

students’ lives—although he realized that this may sound trivial since bringing students to

science seems all what science education is about. However, he did not aim at students

buying into science by reproducing what professional scientists know, say, or do. Rather,

the question that kept him busy was how a more suitable science education might look like

in which students are the producers of genuine scientific knowledge. In what followed, to

explain this research interest in line with his theoretical perspective, he outlined something

like a brief ethnography of his life in research. The following are the origin of Michiel’s

interests and an outline of the three main interests as he had understood and described

them.

Origin of Michiel’s interests

Rather suddenly, his research interest emerged around 2000 while he was teaching a unit

from a textbook on the scientific method to 12–13 year old Dutch students. All students had
to conduct an experiment in which a treatment plant was exposed to a particular envi-

ronmental condition while a control plant was not. And then there was that one kid who

wanted to know what Coca-Cola did to a plant (van Eijck 2005). Driven by tremendous

curiosity and enthusiasm, the student simply put the plant in a bottle of coke. And that was

it. Despite his deep scientific interest, the scientific method did not impress the student at

all. On the contrary, at the very moment when Michiel did his best to explain how a real

scientific experiment should be setup according to the scientific method, he learned from

the student’s waning curiosity and enthusiasm that traditional science education did not

work. At that moment Michiel decided to dedicate his professional life to developing a

different science education—a science education that allows students to participate in

scientific practice in ways that matter to them. It was for the article in which he described

the Coca-Cola incidence that Michiel had asked for the images from my own research to

argue for students engaging in science according to their own interests. Michiel’s PhD

study then aimed at developing information technology-based measurement tools by means

of which genuine scientific research got within reach of students. Michiel deemed the units

he had developed as having been quite successful—these brought students closer to sci-

ence. Yet, Michiel learned as well that opportunities of doing genuine scientific research

are not buried in scientific tools and methods exclusively, but are simultaneously held in

place by a wider sociocultural frame. Consequently, from sociocultural perspectives,

Michiel became interested in understanding the nature of scientific research. This evolved

into several closely interrelated research interests that Michiel would pursue until the end:

images of science, diversity, and authentic and place-based science education.

Images of science

Studying scientific practice from sociocultural perspectives, Michiel learned that the sci-

ence-in-the-making of scientists radically differs from the ready-made science in

traditional science classrooms. For instance, Michiel understood the existence of any

scientific method is seriously questioned. Because of such insights, he better understood

how students’ enthusiasm and curiosity as being suppressed rather than supported in his

own science classroom and how this could be changed—something that he started pub-

lishing about in Dutch science teaching journals for practitioners (e.g., van Eijck et al.
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2003; van Eijck 2005). This avenue finally led him to my research group. Michiel

understood the aim of Pacific Center to be one of nurturing scientific and technological

literacy. This was to be achieved by engaging local youth in authentic scientific practice.

As part of the research program of this center Michiel conducted research on images of

scientific practice as observable in science textbooks (e.g. van Eijck and Roth 2008b) and

students’ images of science emerging from participating in scientific practice (e.g. van

Eijck et al. 2009). Identifying static pictures of the science of yesteryear as problematic for

students to engage in scientific practice in ways that mattered to students, this line of

Michiel’s research evolved into solving the basic question how school science can be

designed in more dynamic ways, reflecting contemporary scientific practices such as those

in genomics research (e.g. van Eijck 2009). In 2010, Michiel’s focus was a new book in

which was to report our joint research in the context of the state of the art on understanding

images of science in science education from sociocultural perspectives (van Eijck and Roth

2013). The aim of the book, at the time, was to make a case for the novelization of images

of science in education. The three sections of the book focus on three planes. In the first

section we put on the table the theoretical frame by which the two types of images of

science can be distinguished. We would argue for a novelized image of science in science

education since this is the only way to keep up with current developments in science, to

engage students in science, to help students to become critical thinkers (able to ridicule and

parody). The idea of novelization came from Bakhtin (1975), who had described the novel

as including multiple voices that transform each other by speaking with each other. The

second section of the book would show how epics can be found in science education texts

and how such epics can be avoided by taking a dialogical, authentic stance. The epic only

has one truth; it is monological, speaking with one voice. This was not the kind of science

or science education Michiel aspired to; and he wanted to contribute to the field by making

a point about diversity. The final section would make a case for the reflexivity of this

stance for science education research. In all, he saw the book as paving the way to a

novelized, dialogic imagination of science education, helping educators finding ways to

engage students in science rather than letting them consume science as a kind of comic

book full of heroes.

Diversity

The major part of Michiel’s post-doctoral fellowship research concerned the question how

to nurture scientific and technological literacy among youth from local First Nation

communities by engaging them in genuine scientific research. Michiel collaborated with a

federally funded local tribal school (situated on the territory of the W
¯
JOȽEȽP [Tsartlip]

nation), a marine conservation organization (SeaChange) under the direction of Nikki

Wright who had already participated in our research, and a scientific water quality research

group to setup student internships where Pei-Ling Hsu was conducting her PhD research.

Consequently, Michiel became interested in the accessibility of science and, more gen-

erally, in issues of diversity in science education. His ethnographic research allowed him to

understand science from the angle of his students—an angle from which science can be

quite alienating and hence inaccessible. Furthermore, Michiel came to understand that for

the majority of students science could be alienating in much the same way as it was to the

First Nation students he worked with. Michiel, a trained scientist, considered this work to

be a once in a lifetime learning experiences. Gradually he started to take diversity as a

given rather than the exception both in the daily lives of students and in scientific practice.
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Related to his other interests, he came to understand how diversity underpinned scientific

development and technological innovation (e.g. van Eijck and Claxton 2009). From

diversity as given, Michiel began to frame students’ internships in scientific laboratories

from a dialogic framework allowing various forms of knowing to mediate the practice of

conservation, including both indigenous and scientific ways of knowing, resulting in

successful forms of science education (e.g. van Eijck and Roth 2009). He became inter-

ested in the question how a science education looks like in which diversity is taken as a

given. After leaving Victoria, he continued this line of research together with universities

from Malaysia, India, Lebanon, Turkey, and the UK in the Science Education for Diversity
project funded by the 7th Framework Program of the European Commission. In line with

the idea of diversity as a point of departure, the big idea behind this project was to expand

the research literature on issues of diversity in science education to include perspectives

from non-Western countries such as India, Malaysia, Turkey, and Lebanon, ultimately

aiming at learning from each other in dialogic ways. Michiel was developing a dialogical

way of thinking to the problems that I had described in terms of dialectics and collectivity
(Roth 2003) and emergence (Roth 2007) where science was understood as but one among

many voices in a conversation, where the voices were speaking with each other, for each
other, making themselves understood by the other.

Authentic and place-based science education

From his research while working with the First Nations Michiel learned that forms of

science education in which genuine scientific practice were part of the life of students

should be characterized as authentic and place-based. Referring to Authentic Science
Revisited: In Praise of Diversity, Heterogeneity, Hybridity (Roth et al. 2008) that we had co-
authored together with Pei-Ling Hsu and Giuliano Reis (PhD students at the time) Michiel

described what he thought of the notion of authentic school science in this way: It refers to

the given that the problem of fostering scientific literacy does not lie with the level of

agreement between school science and the laboratory science of scientists but with the

levels of control, authority, mastery, and authorship that students are enabled to exercise in

their science education. Michiel considered as place-based those forms of science edu-

cation in which students started in developing scientific and technological literacy by

beginning with experiences related to their own place (Tippins et al. 2010). Since both

these notions accounted for unique standpoints and hence identities of students, diversity

could be taken as an a priori given in the production science genuine scientific practice. For

Michiel, the direct outcome of this line of research recently was our manuscript for the

special issue on the next generation of research on STEM learning, which described the

nature of scientific literacy as lifelong, life-wide, and life-deep (Roth and van Eijck 2010).

For Michiel, the next step of this line of research—a step that he could not take because life

had other things in store for him—comprised the characterization of forms of professional

development of science teachers that prepare for authentic and place-based science

education.

Transformations

Each SN ̲ITȻEȽ story is a story of transformation, which is a fundamental value of

the W
¯
SÁNEĆ. Central to transformation is their language, which allows them to
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understand that they are part of a whole that exceeds any one of them and that they

are there to serve this whole (community, life) that transcends each individual. (Roth

2010, p. 289)

SN̲ITȻEȽ (pronounced/sni:kwıθ/), which translates as “the place of blue grouse,” is the

aboriginal name for a place that White folks call Tod Inlet, an original village site of the

W
¯
SÁNEĆ people. It has been more than just a (physical) place in the lives of the local

W
¯
SÁNEĆ (see below), and it became an important physical and metaphorical site for

Michiel not only to rethink the role of science in society; but also it became a catalyst in

Michiel’s life and a metaphor. As I had written to him in May 2010, every time I visit

SN̲ITȻEȽ, I am thinking about Michiel, especially today that he is gone, gone, gone

beyond, completely gone beyond. In an article making a case for activism as a category of

learning from which the opening quote was taken, I argue for an ethics of care similar to

what the indigenous peoples had done and known for a long time. I suggest that each

SN̲ITȻEȽ story is one of transformation, integrating the different ways of being and

knowing. For Michiel it initially was a site of research, and then became a metaphor for

rethinking the role of place in science education. In the aboriginal ways, SN ̲ITȻEȽ was

deeply integrated into their spiritual being, and transformation. This, unbeknownst to us at

that time, also became a metaphor for what was to be Michiel’s turn towards seeking was

of integrating science and spirituality, which in his last few years had been a form of

Buddhism. In the following, I honor Michiel’s contributions to the field of science

education by focusing on one of his central sites and topics of research, his emerging

theories, and the role that this work oriented Michiel during the last few years of his life

when spirituality took on a central role. Having already noted the deleterious effect that

science (education) can have on everyday ways of knowing generally and on traditional

ecological knowledge specifically, SN ̲ITȻEȽ actually is an appropriate metaphor for the

development of Michiel’s way of being in the world. It was through the aboriginal ways of

being that he had come to be aware of the important place of spirituality—but this was

initially more at the intellectual level. When difficult times in his own life brought him to

Buddhism, he pursued living in ways what he earlier only thought and wrote about.

One of the crucial notions in Michiel’s work and experiences is that of the chronotope.

We used this Bakhtinian category as an approach to rethink the notion of place in learning

during a project in which we realized how important places were to the First Peoples, for

whom a place was not just a point on a map (van Eijck and Roth 2010b). Although there

are many places that are significant to the W
¯
SÁNEĆ First Nations, some of whom live on a

reserve (W
¯
JOȽEȽP) in the municipality of Central Saanich where I reside, it was this one

place more than any other that would increasingly become a catalyst in Michiel’s life and

work: SN̲ITȻEȽ/Tod Inlet. It had been a special place for the W
¯
SÁNEĆ, in their spiritual

and practical lives.

SN̲ITȻEȽ/Tod Inlet: an exemplary chronotope

Saaninch Inlet separates the Saanich Peninsula from the main body of Vancouver Island

(Fig. 2). Today, there are three reserves and villages along the east side of the inlet

(W
¯
JOȽEȽP [Tsartlip], W

¯
SIK

¯
EM [Tseycum], BOḰEĆEN [Pauquachin]), and the First

Peoples mark their presence with totem poles, reminders of an irrecoverable time past

when they were leading a sustainable lifestyle here, wardens of nature (Fig. 3). SN̲ITȻEȽ
is a small inlet in the southeastern part of Saanich Inlet. Every part of this geographical

area, every locale, has an aboriginal name. But these names are more than just names in the
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Greco-Roman tradition, not just means to identify a person in a way that is not much

different from using an identifying number. Instead, names were part of a dimension of

life. An elder from the W
¯
JOȽEȽP nation suggested that the difference between English

and SENĆOŦEN is significant. In the former, the speaker is an observer whereas “the

SENĆOŦEN language captivates the speaker, rarely allowing him or her to speak directly

about anything, making it necessary for the speaker to become involved in order to
understand” (Paul et al. 1995, p. 4, emphasis added). The difference is one between an

observer looking from the outside and through a window at the world and that of a witness

undergoing events in which s/he is an integral part.

In my research, we had already been confronted with the difference. There was another

creek that had figured in a lot of my research, and which constituted a first point of contact

with Michiel. In English, it is named Hagen Creek and flows into Hagen Bight of Saanich
Inlet (off the right edge of Fig. 2). It is a name, as any other name, with an (almost)

arbitrary relation to the physical location. In the language of the W
¯
SÁNEĆ, it is called

ḰENES (pronounced/qwǝnǝs/), place of the whale, reminding every user of the word of the

times whales came to the mouth of the creek to feed. It was an important place, because the

W
¯
SÁNEĆ gathered shellfish around the mouth of the creek, fished in the ocean as well as

large cutthroat trout in the creek itself. Hagen Bight was KEXMIN ̲EN̲, place of the

consumption plant; and Hagan Beach was ŦIŦEȻEN, a spiritually significant name. It is

evident from these names that ḰENES was integral to their lives, providing them with an

essential part required to meet their basic needs. It is not surprising, then, that the creek

also was an important site in the spiritual life of the W
¯
SÁNEĆ, a place where they came

for cleansing physically and spiritually. It was when Michiel had read about my research in

this community around the efforts of restoring the creek to a state that had long gone, gone

Fig. 2 The Saanich Inlet (seen from southeast) has been the home for the W
¯
SÁNEĆ people for as far as

their oral history reaches back in time. ( Wolff-Michael Roth, used with permission)
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beyond what it had been, to the point of having gone completely beyond repair, that we had

first contact without knowing that some time later we would actually be working together

closely for a number of years.

When Michiel came to work with me, it turned out that it was not ḰENES but

SN̲ITȻEȽ that he came to appreciate in particular and that figured centrally in our piece on

place-based learning (van Eijck and Roth 2010b). Inspired by the work of the Russian

literary theorist Mikhail M. Bakhtin (e.g. 1975), Michiel proposed a chronotopic theory of

place. With the term chronotope. Bakhtin had captured the idea that significant events

occur in specific places (Gr. τόπος [topos]) and at specific times (Gr. χόνος [chronos]).
Particularly important among chronotopes are those of passage, including hallways, en-
tryways, and plazas, that is, spaces where people move through, encounter each other, meet,
and depart to continue their physical and spiritual journeys. SN ̲ITȻEȽ (Fig. 4) had been one
of those significant chronotopes for the local W ̱SÁNEĆ (see below). But it had been
transformed after the white settlers moved into the area, and especially when a limestone
factory came to be established, which used SN ̲ITȻEȽ as a limestone quarry. This trans-
formation, too, was embodied in SN ̲ITȻEȽ, however contradictory this might sound and be.
With the factory, the aboriginal forms of life were gone, gone beyond, gone completely
beyond (repair). The factory and the associated activities destroyed the natural habitat,

Fig. 3 A totem pole facing W
¯
SIK

¯
EM (Tseycum), one of the three W

¯
SÁNEĆ First Nations villages on the

(east side of) Saanich Inlet seen in the back ( Wolff-Michael Roth, used with permission)
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including the eelgrass (Zostera marina) that is so crucial to marine life. But the limestone-
related activities were not sustainable and, these, too, are now gone, gone beyond, com-
pletely gone beyond. Today, only some ruins remain, grown over, background to some
graffiti that is itself weathering away as nature returns (Fig. 5). There have been some efforts
to restore SN̲ITȻEȽ to some state closer to what it had been, not the original one, which had
gone, but something that again invites people to come to recollect and gather force in this
place that continues to marvel with its tranquility so close to a busy tourist attraction and the
nearby city.

SN̲ITȻEȽ was a special place for the W
¯
SÁNEĆ. Archeological findings show that a

First Nations culture existed here for over two millennia (Marpole culture). A W
¯
SÁNEĆ

elder not too long ago described the importance of SN̲ITȻEȽ in this way: “as the doorway

to our winter hunting grounds because many animals would gather here. It is a very

protected place, protected from all the winds. I often say SN ̲ITȻEȽ is like a W
¯
SÁNEĆ

refrigerator” (SISB et al. 2008, p. 16). For the W
¯
SÁNEĆ, SN̲ITȻEȽ was where they

gathered and hunted fresh food; they also stored their food there, because it was accessible

and protected from winter storms at all times. Because it was sheltered all around and

especially to the south, it protected them in the winter from what they experienced as

vicious southwest winds.

W
¯
SÁNEĆ elders still talk about how their forefathers were finding clams, crabs, herring,

cod, and salmon that not only were plentiful here but also were harvested in a sustainable

manner. For example, they left a whole in their nets so that some salmon could escape and

Fig. 4 SN̲ITȻEȽ/Tod Inlet was a most important place in the lives of the W
¯
SÁNEĆ, both in terms of

physical terms (because they met their basic needs), and spiritual terms, where they became warriors,
cleansed, and renewed themselves. The posts, remains from the times of the lime factory, today are nesting
and resting grounds for birds ( Wolff-Michael Roth, used with permission)
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reproduce—so different from the ways in which the White people had dealt with traditional

food sources, such as the eradication of the buffalo on theAmerican plans or the caribou herds

in southern Labrador where I had taught science for a while. SN ̲ITȻEȽ especially was a

spiritual place, where people came for absolution, prayer, and renewal; and it was used as a

place of transformation, where young warriors were trained in the practices of survival,

fasting, and self-renewal. Here the young did become warriors. And each warrior literally

became attached to SN ̲ITȻEȽ in and through the practice of choosing a tree and taking care of

it over the course of his lifetime; and it is through such relationships that the W
¯
SÁNEĆ

understand life, in which all the other aspects of human and material life are considered to be

relatives. A warrior, therefore, became a caretaker of the land in the spirit of the saying “We

have not inherited the earth from our fathers. We have borrowed it from our children”

(Sarsfield and Emes 1978). More generally, the W
¯
SÁNEĆ understand themselves as “the

‘care-takers’ of the Earth” (Paul et al. 1995, p. ii).

SN̲ITȻEȽ had such an important role in the spiritual life of the W
¯
SÁNEĆ people that it

was sacred. It was that spirituality integrated with the material life of the W
¯
SÁNEĆ people

that so much impressed Michiel, transforming him forever. But the White settlers drove the

W
¯
SÁNEĆ out from the mid-19th century on, which prevented the latter from engaging in

their traditional hunt. Furthermore, the farmers changed the landscape forever by draining

bogs, which were no longer suitable habitat for much of the game that traditional fed the

W
¯
SÁNEĆ. This also happened to SN̲ITȻEȽ. In the stories of the W

¯
SÁNEĆ people, which

keep the memory alive of the losses that they sustained, local elders talk about the period

following contact and settlement by Europeans as having been a sad time in the history of

Fig. 5 Nature is taking over again the limestone quarry and the associated factory and settlement. Even the
graffity begins to go soon after it has made it onto the remaining walls ( Wolff-Michael Roth, used with
permission)
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their nations. They talk about the loss of access to the land generally and that of SN ̲ITȻEȽ
in particular. They talk about having to adopt a lifestyle and laws different from their own.

Michiel understood these developments in the same way that he understood the role of

science in all of our lives: as a form of colonization enacted through a monological

understanding of life.

Today, the W
¯
SÁNEĆ people do not quite know what to do about SN ̲ITȻEȽ, in the same

way that they are uncertain about many other issues of their lives and identities within a

society in which, despite all achievements with respect to the integration of multiculturalism,

there is a continued colonialist undercurrent. The W
¯
SÁNEĆ people talk about SN̲ITȻEȽ

having become a park about 25 years ago, which they view as a mixed blessing. On the one

hand, it does give the place a protected status; but on the other hand, it locks the W
¯
SÁNEĆ

people out from their traditional ways because they cannot use SN ̲ITȻEȽ as they once did.

Despite their mixed feelings, the W
¯
SÁNEĆ people have assisted activists in restoration

activities, in attempting to bring life back as it used to be by, for example, replanting the

eelgrass. Nowadays a big poster sign tells visitors about the importance of to the W
¯
JOȽEȽP

nation, the goals of the revitalization efforts, and the role of eelgrass as a major constituent in

the ecology of the land (Fig. 6). TheW
¯
SÁNEĆ people (from theW

¯
JOȽEȽP nation) did assist

in part because they continue to come to SN ̲ITȻEȽ, thereby asserting their rights and, more

importantly, their responsibility, to keep their ties there.

It is true that they receive assistance from activists, who succeed in receiving funding to

engage in restorative activities, such as replanting eelgrass at SN ̲ITȻEȽ, which is a

Fig. 6 This poster, mounted near the water, describes the importance of SN ̲ITȻEȽ to the W
¯
JOȽEȽP, the

purpose of the restoration, and the role of eelgrass in marine ecology of the area ( Wolff-Michael Roth, used
with permission)
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precondition for bringing back some of the marine life that had gone with the environ-

mental destruction. SeaChange, an organization led by Nikki Wright, had endeavored to

bring this important plant back. It was through Nikki that Michiel came to SN ̲ITȻEȽ; and
it was through her that Michiel got to work with some of the members of the W

¯
JOȽEȽP

nation. But the W
¯
JOȽEȽP, as the W

¯
SÁNEĆ and other First Nations generally, frequently

are weary about white people implementing their visions about the environment and res-

toration. Thus, one First Nations individual commented on the efforts of another local

environmentalist group to turn ḰENES from the ditch it had become in the hands of the

Eurocentric settlers into something that resembles what the creek had been:

The activists are doing the same thing that the farmers did when they first cleared the

forests, drained the swamps and channelised the stream. They are perpetuating the

dynamics of colonialisation. They haven’t taken the time to educate themselves

through dialogue with the Coast Salish people who’ve lived there for hundreds of

years and who probably have stories about the birth of the creek. They’ve spent a

summer measuring it with their meters and yardsticks and now they’ve got their

machines in there, changing it. They haven’t taken time to build relationships with

the people who first inhabited the land. I do not understand how this can be called a

democratic process. (Lee and Roth 2001, p. 349)

I remember very well how this comment affected Michiel, who, in an initial movement

of his thinking, wanted to act in the way local activists did. But this statement and what he

had come to know about the W
¯
SÁNEĆ changed the ways in which Michiel felt about the

need to respect the spirituality of others and the ways in which they did practice envi-

ronmental mindfulness. For example, in one article, where we described what could be

learned from the path taken by one of the young members of a local W
¯
SÁNEĆ nation, who

integrated traditional ecological knowledge and Western science in very interesting ways,

Michiel did not just publish the piece once it was written given that he had received written

consent (van Eijck and Roth 2009). Instead, Michiel waited until the person had read and

given his approval that the text in fact had been respectful and represented W
¯
SÁNEĆ

creeds and his path and orientation. In another instance, Michiel wrote and published an

article together with a young member of the local W
¯
SÁNEĆ band (van Eijck and Claxton

2009). Through all of this work Michiel had come to understand that there were con-

tradictions in the very way in which science is conceived. He summarized his position in

this way:

As chronotope, place emphasizes the dialogical relation of a material location and

the narrative nature of the account in which it appears. It thereby has several

implications for place-based education. One of these implications counts especially

for those forms in which a scientific voice is currently the dominant voice (i.e.,

ecological place-based education). From a chronotopic perspective, science is only

one of the voices by which spatial and temporal categories can be shaped and by

which place is described. If only the scientific voice is talking in place-based edu-

cation, a monologue will emerge. This monologue will not only exclude other voices

than the scientific from the discourse and therewith shape a particular place that is

not an appropriate representation of the place as a lived entity. Rather, as a lived

entity, the open-ended dialogue is the single adequate form for verbally expressing

place, for this is the modus of human life in which everything unfolds that has

meaning and significance. Hence, we can only appropriately understand place as the

result of a dialogue—meaning about the place is articulated as the place, the public
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square where the community’s voices intersect and, as a result, a matrix of spatial

and temporal categories emerges that shapes the place as is. Therefore, place-based

science education is a contradictio in terminis, because science inherently excludes

the contingent nature of any this place. At best, in place-based education science can

be one of the voices in an unfolding dialogue that establishes place as chronotope.

For instance, in the case described here, this voice provided the participants with

tools for conducting conservation and restoration of SN ̲ITȻEȽ/Tod Inlet. As such,

students can come to learn how scientific methods and tools add to the unfolding

dialogue, resulting in particular spatial and temporal categories by which the place is

shaped chronotopically towards a configuration that mirrors the transaction with the

community. (van Eijck and Roth 2010a, b, p. 896)

SN̲ITȻEȽ as catalyst and metaphor

Life means change and transformation; when there is no transformation, there is no life.

SN̲ITȻEȽ was integral to the life of the W
¯
SÁNEĆ people, and therefore integral to the

lives of its members. This was so because of material reasons: members of the community

changed as they became more proficient as hunters and gatherers, and they changed

(physically) eating what they had harvested from the land. But it was so also because of

spiritual reasons: it was a place of wellbeing and spiritual transformation. SN ̲ITȻEȽ
represents the five realities of the W

¯
SÁNEĆ people: thankfulness, kindness, helpfulness,

respect, and transformation (SISB 2008). It was deeply integrated in their worldview based

on relations, life as a unity. During our last meeting, in June 2012, Michiel and I—sitting in

what felt like a secluded part of a courtyard on the Wageningen University campus (Fig. 7)

that stood in for SN̲ITȻEȽ—had a three-hour conversation that was about life. Michiel, at

that stage of his life, recognized science education as part of and sustaining material life,

but as an endeavor that could not be understood other than through a whole-life per-

spective. He most deplored the absence of any form of spirituality in the ways in which

science and science education are taught and theorized; he deplored the monological ways

in which many perhaps even most scientists and science educators were speaking and

acting. He had learned from the W
¯
SÁNEĆ generally and from SN̲ITȻEȽ specifically that

spirituality is another manifestation and integral aspect of life. Michiel wanted all of us to

think dialogically, bringing all forms of human voice to the table: in this way, not only just

plain folks and Aboriginals learned (about) science but also science learned (about) other

ways of being. Only out of such multivoiced conversation, only out of the diversity that it

involves, could true dialogical understanding emerge.

During this afternoon, partly protected by the treillage that surrounded our seating

(Fig. 7), Michiel talked about his Zen Buddhist practice and wanting to become a teacher

himself (unfortunately, the websites where he wrote about his dual interests, Zen and

science education no longer show up in Google searches). We talked about transforma-

tions. I clearly remember thinking and telling him about my own beginning meditation

practice, and about my encounter with Zen. But in my case, it had taken me to leading life

in the Zen way, which does not require any relation to the Buddha as a special figure,

nothing resembling religion in any way. He told me that at that point in time, he attributed

decreased attention to science education and was more interested in spirituality with the

hope to be able, some time in the future, to work towards integrating the two voices of life.

I talked about how that integration of the material and psychological-spiritual aspects of

life came together for me with the Zen spirit (mind) and how this spirit allows us to rethink

36 W.-M. Roth

123



teaching and learning (e.g. Masciotra et al. 2007). We talked about how situated cognition

and embodiment approaches, too, allow understanding the integration of the material and

spiritual (mental) aspects of life, which are but manifestations of what Bakhtin (1993)

called “actual once-occurrent becoming” (p. 3). Bakhtin was making us understand that

each one of us, “the one who is actually thinking and who is answerable for his act of

thinking—I am not present in the theoretically valid judgment” (p. 4).

We agreed that Bakhtin (1993) was right when he said that “all attempts to surmount—

from within theoretical cognition—the dualism of cognition and life, the dualism of

thought and once-occurrent concrete actuality, are utterly hopeless” (p. 7). Life constitutes,

in Bakhtin’s considerations, a once-occurrent unity. It was precisely in the experience of

spirituality that the loss of life as a unity, which is the result of theoretical cognition, can

only be made up when life and all its aspects are approached as a unity, of which theo-

retical cognition is only one manifestation. This life, as Bakhtin (1975) points out, can be

understood only dialogically. For Michiel, as he once said, “nothing can be grasped as a

static identity nor be articulated by a single voice, such as the scientific.” Michiel thought

that chronotopes lead us to think “the intrinsic connectedness of temporal and spatial

relationships,” and these relationships “are artistically expressed in the narrative.”

“Chronotopes,” as Michiel said, in and because of all their diversity and contradictions,

“allow a coherent narrative about a place.” The stories of the First Nations were among

those narratives that celebrated the connectedness of people and the land.

Fig. 7 In the Lumen Building of Wageningen University, Michiel and I had our last face-to-face
conversation: In the spirit of an integrated life: nature integrated into human architecture (Wikimedia
Commons, free of rights, http://commons.wikimedia.org/wiki/File:Wageningen_University_-_Building_
Lumen.JPG)
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SN̲ITȻEȽ, in the life of the W
¯
SÁNEĆ people, constitutes and represents that unity.

During this what was unbeknownst to us to be our last face-to-face meeting Michiel told

me about working towards that unity through his Zen practice. It, SN ̲ITȻEȽ, was the

image of what was to be, and a metaphor for his own life. The five realities of the

W
¯
SÁNEĆ people—thankfulness, kindness, helpfulness, respect, and transformation—

were to be among is own foremost realities.

Our land holds our ancestors…

We bury our ancestors in sacred places and we bury them near to us; they remain a

part of our village…. We keep them near so we can watch over them and they can

watch over us…. Our land holds our ancestors and our ancestors are a sacred pre-

sence. (SN ̲ITȻEȽ Statutory Declaration #14, W
¯
JOȽEȽP First Nation)

Om gate, gate, paragate, parasamgate, bodhi svaha. Michiel never got to tell me about how

far he had come with his meditation. His walkabout has come to a sudden and abrupt end.

In my last email notice to him, I was writing about life that transcends all of us and about

my hope that he could depart knowing this from the bottom of his heart. We come from

dust; and we return to dust. In between, life asserts itself through us. The announcement of

Michiel’s passing included the notice that he was to be buried in the local graveyard. When

I was reading this, I was wondering about whether he had wanted to be buried or whether

he would have wished has ashes to be strewn somewhere in or around SN̲ITȻEȽ. In this

key contributor piece, I also bury his heart at the place that not only transformed him but

also serves as such a suitable metaphor of transformation. In my notes, I found a copy of

our poster with which Michiel was presenting our work on chronotopes (van Eijck and

Roth 2010a, b); there he had included a photograph of the statutory declaration that the

W
¯
JOȽEȽP First Nation has made with respect to SN ̲ITȻEȽ reproduced in the introductory

quotation to this section. Michiel had been taken by this statement, even though it was

never included in the article. Gate, gate, paragate, parasamgate, bodhi svaha, gone

completely beyond and yet kept so that we can watch over him and he can watch over us. It

is in and through his work that Michiel continues to be present even though he is gone

completely beyond.

The special issue about ecological mindfulness and cross-hybrid learning also empha-

sizes Aboriginal and Indigenous perspectives. I am sure Michiel would reassert what he

had heard and learned from the W
¯
JOȽEȽP: Our land holds our ancestors and, because the

ancestors are a sacred presence, the land, too, is sacred. We, through our presence on this

earth, should respect it as a sacred place. Of course it was a coincidence, but when we met

for the last time, Michiel took me through a building of Wageningen University carrying

the name Gaia, the Greek goddess personifying the earth. He was certain about the Earth as
a system within which humans play a part (Lovelock 1979). Michiel, through his early

work and the position he adopted after starting with his Zen Buddhist meditation, more

than other things, worked towards such a perspective even though he was trained in

traditional Western science. Michiel cared about spirituality including ecological mind-

fulness, which, in part, he learned in and through his relations with members of the

W
¯
SÁNEĆ people. Michiel did not just write about ecological mindfulness, he practiced

ecological mindfulness, where the ecology included an ecology of mind and the oft-

forgotten fact that humans are endowed with spirituality. As the editors of the special issue

emphasize, “Dancing, yoga, kayaking, gardening, karate, fishing, mountain climbing,
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surfing, cooking, music and other cultural arts are all forms of meditational and mindful

practice that strengthen and condition our educational balance.” With respect to this sense

outlined by the editors, Michiel was an organic intellectual (Gramsci 1971), one who

walked the walk. It is completely justified for his science education contributions to be

celebrated within this special issue.
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Abstract In, this paper, I explore the need for particular types of interdisciplinarity,

which I refer to as technical heteroglossia, in the face of neoliberal political and economic

disenfranchisement. I examine the case of a group of medics (EMTs, nurses, and lay

medical practitioners) known as street medics and their efforts to provide a working set of

medical protocols for protesters, victims of natural disasters, and, more generally, com-

munities resisting neoliberalism, militarism, and corporate power. To function, this net-

work has had to explicitly embrace multiple medical traditions: allopathic (sometimes

called Western), Chinese, herbalist, naturopathic, etc. Being able to speak within multiple

traditions (medical heteroglossia) is deeply valued. I also recount the history of the medics

and discuss at length the contextual forces that pull medics in different directions: allo-

pathic medicine and more varied and unorthodox practices.

Keywords Medicine � Neoliberalism � Alternative medicine � Gender � Social justice

I explore the play of disciplinary and counterdisciplanary knowledge in the social move-

ments organizing to resist neoliberalism. Specifically I examine how disciplinarity shapes

those practices connected to what is called street (or action) medicine: the medical network

organized to support protesters resisting war, corporate globalization, and plutocratic-

politics. I am drawn to the street medics as subjects as they lie at the intersection of

technoscience and resistance to a global plutocracy that seems to define the first decades of

the twenty-first century. By reflecting on their practices it is possible to reflect upon what is

the nature of an education responsive to the politics of the present. To understand the

nature of practice/knowledge among street medics several narrative threads have to be

braided: sociology of knowledge, critical literary and social theory, anthropology, and

political theory. Ethnographic subjects, like scientific subjects, are in excess of schemes of
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knowledge, when we choose to faithfully represent them in their historical and socio-

technical contexts.

I draw on 4 years of studying the street medic movement. In addition to collecting

public materials from a wide variety of medic collectives across the United States and

Canada, I ethnographically studied a medic collective in a town I mythnographically refer

to as Seaview, and call them the Seaview Street Medic Collective (SSMC). The data from

this study (in addition to public materials) includes about 25 hours of group interviews

with both core and short term medic members, participation in a 20 hours medic training,

and participation in a medic workshop for protesters.

The foundation of my approach lies with two conflicting visions of the sociology of

knowledge. The first is Bruno Latour’s Actor-Network theory. What I draw from his view

of science embedded in stabilized and stabilizing social networks is that science: facts,

theories and equipment, require stable social networks including governmental networks to

maintain universality (1987). But just as important to this story I am weaving is Sandra

Harding’s standpoint theory (1986), which argues that the most objective forms of

knowledge emerge out of social struggles by oppressed groups as they contest for rights.

Both of these theories stress context: knowledge has to be understood part and parcel of

historical, social, and material contexts. Actor-Network theory is important because in the

space–time that the street medics work stability is frail. Its focus, however, is on the

professional producers of technoscience, who are portrayed in the theory as more powerful

than and overwhelming knowledge producers in other networks. Harding’s vision focuses

on the consumers, victims, subjects, and others marginalized in Latour’s narrative.

So, to understand the medics, they must be understood in the context of a history of

resistance and states of exception. The origin of the street medics is in the Civil Rights

movement of the United States. The American Medical Association (AMA) was not

integrated even in the early 1960s; a coalition of White northern and Black Southern

doctors formed the Medical Committee on Human Rights (MCHR) to fight for the AMA’s

integration (Dittmer 2009). During the freedom summer of 1964, when Northern students

travelled to the South to participate in voter drives, the MCHR organized the Medical

Presence Project (MPP) which sought to provide professionally dressed witnesses at

protests as an attempt to decrease the violence between police and civil rights workers. The

following year at the Selma March, a small group of MPP volunteers witnessed direct and

escalating violence on the first night of protests and intervened with eye washes when they

could. By the time that Martin Luther King was organizing the March from Selma to

Montgomery, hundreds of medical workers from all over the U.S. had become involved.

Medics serving simultaneously to act as professional witnesses and to directly medically

intervene increased over the 1960s. MCHR doctors were active at the riots that accom-

panied the Democratic Convention of 1968 and in various actions organized by radical

civil rights groups such as the American Indian Movement and the Black Panthers. Those

involved in ‘‘action’’ (i.e., protest) politics rather than policy tended to focus on the protests

of the moment: first for civil rights, then against the Vietnam War, then in support of

radical social movements like the Black Panthers. By the 1980s the radical social move-

ments of the 1960s era had weakened or disappeared entirely. The MCHR disbanded by the

early 1980s. However, individual medics remained active in supporting resistance move-

ments. One such medic, ‘‘Doc’’ Ron Rosen, who had served, or in the parlance of the

medics ‘‘run’’ as a medic in the March from Selma at the 1968 Democratic Convention and

at the siege of Wounded Knee, helped train medics for the 1999 World Trade Organization

Ministerial Meeting in Seattle, Washington. Those protests saw an intensification of legal

and military resistance to the protesters. Legally, the Mayor declared a state of emergency
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or of ‘‘no protest.’’ Tactically the police deployed riot equipment against peaceful pro-

testers including a return to pepper spray and teargas. After the World Trade meetings a

new informal network of medics was quickly developed, in the initial period primarily

trained by ‘‘Doc.’’ He created a training outline of topics that are passed on to new medics,

developed criteria for training, and developed an interpretation of ‘‘do no harm’’ for the

primarily lay medics that became active over the early twenty-first century.

The second wave medics differed from the first wave in several respects. They were less

likely to have medical training. Most were protesters looking for other ways of supporting

resistance actions. There was also no center to the network of medics: the medics are

informally connected through trainings and through the small size of the dedicated com-

munity. However, there is nothing but informal agreements that hold medics accountable

and there are incidents in which medics see less than competent people serve in that role.

While the agreements are informal, in the sense of not having an enforcing body, a

hierarchical structure, which the medics would reject, some of the agreements are written

down and widely agreed upon. The Athens Manifesto is the best known of these documents

(created in Athens, Ohio—though most medics assume that it was Athens, Greece), which

I will return to later. This document sets ground rules for the coordination of care between

different medic groups (see later discussion). The medics themselves are organized into

collectives that are invited by organizers to come and support a given action. Medics also

may be attached to specific affinity groups, namely, a small group of protesters who may be

doing an action not sanctioned by the protest organizers or outside the geography of the

general protest. Affinity medics are simply affinity group members who have attended a

street medic training.

The need for street medics and the non-licensing of them is part of the legal-political

ecology in which they often work: states of emergency or exception. Even the northern

doctors working the March from Selma to Montgomery were without a medical license

(which are issued by the state). What protected them, and all street medics, is a separate set

of state laws known as Good Samaritan laws that provide some limited protections for

people to assist each other in emergency situations. These emergency situations could be

emergencies de facto (a car crash on the side of the road) or de jura (areas declared to be

emergencies, including areas of civil protest and natural disasters—street medics were the

first providing care after Hurricanes Katrina and Ike, again because the state of emer-

gency). Good Samartian laws vary by state, but they put limits on who can help and how.

Usually the help provider must be technically competent to provide the help (the laws were

written with medics in mind) and often they must be able to gain consent to proceed. Street

medic trainings are largely about meeting these legal requirements. Participants practice

gaining consent and learn not only how to handle the primary situations they will face, but

what situations they must not act in, and injuries they must not treat, that is, what injuries

are outside their domain of competence.

Street medics work ideally in pairs in the protest site and provide a wide variety of

medical support. Most of the problems the medics handle are not related to the police.

Dehydration, allergic reactions, hyperthermia, diabetic reactions, and exhaustion are the

bulk of the issues that medics treat. However, what they are really feel called to do is to

address the harms faced by protesters by the authorities. Their defining skill is the ability to

treat chemical weapon (tear gas, pepper spray) exposures to skin and eye. They also deal

with injuries from direct violence between protesters and police or counter protesters: cuts,

broken bones, etc. Often they have to work with traditional medical structures outside the

protest area, as traditional EMTs are generally not allowed into areas that have been

declared states of emergency or protest.
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States of emergency are part and parcel of modern civil life. They are mechanisms of

power as Naomi Klein has documented (2007). In states of emergency, some subset of

constitutional protections are ‘‘temporarily’’ suspended and power is transferred to the

executive away from deliberative bodies. Emergencies are how neoliberal elites have cur-

tailed or dispensed with democratic forms. From the Chilean democracy to the New Orleans

school system, elites have used emergencies to transfer power to corporations and plutocrats.

Political philosopher Giorgio Agamben has even argued that states of emergency are

increasingly the norm, that extra-legal geographies like the Guantanamo Detention facility

are spreading. Technically, the entire United States is currently in a state of emergency since

9/11 under executive proclamation 7463. While a democracy continues to operate there are

increasing grey and black areas where it ceases to operate: no fly lists which cannot be

contested, national security letters to internet service providers requiring silent monitoring of

computer activity that cannot be acknowledged, warrantless wiretaps, and so forth.

Naomi Klein says the effect of this transfer of power is a bifurcated world, what she

describes, following the U.S. military mapping of Baghdad, Iraq, as red and green zones

(2004). In green zones, social structures, democracy, and economic activity is stable and

growing, but they are limited to the elites. In red zones, states of civil emergency are the

order of the day: democracy is limited, socio-technical systems are unstable (power, water,

etc.), economics and social safety nets are both broken. This is not just a U.S. phenomena

as she and others have documented. It is novus ordo seclorum, which translates from Latin

as ‘‘a new order of the age.’’ Much of this has been prefigured in neoliberalism’s prophetic

literature: cyberpunk science fiction. Cyberpunk refers to a genre of ‘‘near future’’ nar-

ratives usually characterized by worlds in which states have failed and corporations

govern. In novels like William Gibson’s Neuromancer (1984)and Marge Piercy’s He, She

and It (1991), the bifurcation is fully imagined. For the good corporate citizens fine

housing; for the rest there is ‘‘the glop:’’ favela-esque ghettos stretching along the entire

metropolitan seaboards of the United States. If you are not a good worker for the corpo-

ration—problematic because someone somewhere will probably underbid you in selling

their labor, given globalization—or a consumer of corporate goods, you are, in Henry

Giroux’s words, ‘‘disposable’’ (2009). Giroux builds on Giorgio Agamben’s (1998) phi-

losophy regarding homo sacer, a person who in Roman law was a person who could be

killed without consequence, to examine how youth, especially racialized youth, are marked

for disposal in the current political economy. Poor communities, those forced into the glop,

are managed through hyperpolicing and a school-to-prison pipeline that transforms dis-

posable populations to slave workers permanently stripped of democratic rights.

The medics I study tend to organize in cities and towns with concentrations of left

leaning youth such as Berkeley, California, Portland, Oregon, Athens, Georgia, New York

City, and Boston, Massachusetts. The medics of the collective I studied referred to this

constellation of spots as ‘‘bubble cities’’ or ‘‘the bubble’’ (for an ethnography of the bubble

communities see Graeber 2009). The bubble cities tend to be connected to colleges and

universities, but more importantly they are places where there have been ongoing pro-

tests—for instance, collectives have formed in response to major Occupy protests. These

sites are rarely in the glop, but they do share concerns central to the glop and those central

to disaffected youth. For instance, in Seaview, the collective I studied worked closely on a

variety of issues with Copwatch, which tries to document hyperpolicing. The bubble cities

are also places of heterotopic (Foucault 1967) experiments: small scale (on principle)

alternative and counter-hegemonic communities and enterprises organized around com-

binations of food and social politics, queer gender identity, and alternative medical, edu-

cational, and spiritual practices.
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The second wave medics have been at the centers of communities of resistance trying

to protest and interrupt the social structures that have coordinated neoliberal power, such

as the World Trade Organization (WTA) and the Free Trade Agreement of the Americas

(FTAA). They have also been active in the Occupy Wallstreet camps and at the protests

against the breaking of public sector unions in Wisconsin in 2011. The encounters

between police and demonstrators have been increasingly militarized, starting with the

use of tear gas and pepper spray—collectively called ‘‘chemical weapons’’ by the

medics—by police and more recently sonic crowd dispersal weapons. Technically, most

collective medics, take a stand of ‘‘neutrality’’ meaning that they do not get involved in

the tactical decisions of the protest movements—these are often contentious coalitions,

and medics need to be seen as available to all sides. At the same time they have helped

neutralize the effectiveness of the police arsenal, especially chemical weapons, and in

this way they have magnified the power of the protestors to resist. While many protests

may be peaceful, others can also be chaotic, violent, dangerous, and rife with police over-

reaction. In this way the protests can be simulacra of the glop itself and test the medical

and social systems that can function within the disorder of life in red zones. After all,

Latour argues towards the end of his classic theoretical outline Science In Action (1987),

that the universality of science is co-dependent on the stability of sociotechnical struc-

tures: ‘‘[When everything works [i.e., when science successfully makes predictions and

technology functions] according to plan it means that you do not move an inch out of

well-kept and carefully sealed networks’’ (p. 250). The networks involve systems of

humans and machines working together to stabilize the world (i.e., science). What

happens when those structures collapse or are taken away? How do practices like med-

icine happen away from the clinic?

Disciplinarity and multidisciplinarity in street medicine

Second wave street medicine inherits an eclectic approach to treatments, inherited from

‘‘Doc’’ Rosen. He was trained as a doctor of Chinese medicine, rather than allopathic (so-

called Western) medicine. In my own training I received a mix of standard emergency

practice (modified slightly so that patients in trouble with the law would be protected) and

a few Chinese acupressure techniques. On the other hand, looking at street medic websites

reveals a real affinity for herbalism and naturopathy as a preferred treatment and meth-

odology. Each of these has to be understood as disciplined knowledge: Chinese, Allo-

pathic, and Naturopathic. They are, in the words of Donald Bates, ‘‘scholarly medical

traditions’’ (1995).

There are multiple grounds for treating all of these as disciplines: first that they are

historically unfolding dialogues with clear insiders and outsiders. There are schools that

allow novices to enter into these conversations, and within these conversations there are

criteria for assessing novices and expert practitioners, and esoteric knowledge is needed to

become the latter. I am not trying to downplay that in all disciplines the criteria may be

deeply contested, but experts in every field are judging novices. Second, these are policed

conversations: practitioners in each of these traditions are licensed by schools, states, or

others marked as experts. Self-teaching is usually not enough (herbalism probably is the

most weakly licensed of these traditions). In other words, to use Foucault’s language they

are both disciplined (i.e., managed by insiders who police membership in the community)

and involve techniques of the self (self transformative acts required for someone who

wants to join the community).
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There are three reasons why non-allopathic routes may hold attraction for street medics.

The first involves cost. Technoscientific medicine involves real expenses both in proper

materials and in access to the systems that provide it. The communities that street medics

serve are economically poor, by and large. Many within the bubble community are wary of

permanent work or work for corporations. Many are trying to avoid implicating themselves

in systems they see as oppressive. Many lack any insurance. This leads to economically

fragile existence. Standard medicine is largely not within their grasp, as a result.

Second, the alternative medical routes allow the medics to practice a higher level of care

than the highly disciplined and licensed allopathic route. As non-licensed medics (not all,

but certainly a majority) they are highly curtailed in the kind of practices in which they can

engage both in the zone of emergency and (even more so) out of the zone of emergency.

Setting aside questions of efficacy (and efficacy questions can be raised about a large

number of first aid techniques, whatever the tradition—CPR, for instance, is marginally

effective), our training provided techniques for addressing asthma and hyperthermia

through Chinese medical practice, conditions that go beyond first aid.

Third, embracing these other scholarly traditions can be seen itself as a political act in as

much as allopathic medical systems are taken to be part of the problem that protesters are

resisting. The allopathic medical system is, afterall, corporate at many levels (from the role

of big pharma, to the multinationals now running most hospitals and HMOs) and histor-

ically implicated in medical inequity. The medics began as an extension of the MCHR

fighting the social/political practices of allopathic medicine. As one, now defunct, street

medic collective, the Black Cross, describe their politics:

We believe that health care is political. The kind of care we do or don’t receive,

where and how we receive that care, who provides that care, who has access to

training to provide care, and what kinds of trainings are smiled or frowned upon, all

involve inherently political issues. We believe the system needs to be changed… the

health care system right along with all the others. (Black Cross Health Collective

2003, n.p.)

Note that the political economy of extant health systems is largely undeveloped in street

medic culture, their focus being on the provision of care to activists and communities in

need. Given this indictment of standard care systems, alternative practices offer great

appeals merely by being Other to corporate health care.

It should be clear, however, that the medics in fact do not reject allopathic medicine.

Many are trained in it. The collective I studied were grateful when traditionally trained

doctors and nurses worked with them. The techniques that form a majority of the core of

their practice derived from emergency medicine, primarily from wilderness first responder

techniques (WFR training is considered the best route for advanced street medic training,

the chaos of protests shares certain important technical parallels for medics to working in

wilderness situations), all of which are grounded in allopathy. Even more telling is that

when one collective of medics, the Black Cross, chose to do experiments to test the

efficacy of treatments for chemical weapons they relied on a standard empirical approach,

i.e., randomized clinical trials:

We started by searching the medical literature, and polling ourselves and our demo-

experienced friends in the US and abroad, to get a list of possible remedies. We then

looked at the list and separated it into things that we wanted to try sometime, and

things that seemed silly, impractical or possibly dangerous. We wanted something

that was ideally cheap, easy to buy and use and totally non-toxic. We had a fair
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amount of debate about how scientific we’d be in designing the trial. Some of us are

from traditional scientific backgrounds and wanted to follow a traditional model-

others of us were wary of anything established and wanted to break away and create

out own model. Since we began the trials, we’ve moved closer towards traditional

scientific models. This move was made perhaps in part out of a lack of ingenuity. But

also it was made because it became clear to us that if we were going to subject our

friends to fairly serious levels of pain, we wanted the data that came from that pain to

be as useful as possible. (Black Cross Health Collective 2003, n.p.)

Science is complexly signified in this narrative. On the one hand some members of the

collective claim science in their background. On the other hand, the turn to science is

marked by a ‘‘lack of ingenuity.’’ There is an apologetic note in this description. However,

in the end science was seen as increasing the usefulness of the study. In the end, the

medics’ cosmology is marked by a deep ambivalence towards standard(ized) practice.

Science, is clearly not the enemy here.

In the end the medics practice what I call ‘‘medical heteroglossia’’ following M.

M. Bakhtin’s study of the novel (Bakhtin 1990). For Bakhtin, heteroglossia is a mixing of

voices, registers, and dialects. It is a conceptual multiculturalism, which he sees lacking in

poetry but present in the often dismissed genre of the novel. Medical heteroglossia is the

ability to speak in multiple medical registers comfortably. To use a medical pidgin with

patients, combining Chinese, herbal, and allopathic treatments comfortably is valued in the

street medic community. This is in fact codified in the Athens Manifesto, a document

which bullets how different medics and collectives should work together in the field,

namely, how they should coordinate care. Respect for multiple medical traditions is pre-

scribed: ‘‘All disciplines (Herbalists, Witches, Allopathic, Homeopathic, Naturopathic,

etc.) must be honored and respected’’ (Athens Manifesto 2001, n.p.). It is not the practi-

tioners that must be respected but the disciplines themselves. This is an insistence on

medical heteroglossia, not just tolerance of people trained in different medic traditions.

The Seaview Street Medics embraced this heteroglossia. While primarily trained in core

street medic and wilderness first responder techniques (the core members of the collective

had all done a week-long WFR training). Having been trained directly by Doc, they also

had learned a variety of Chinese medical techniques including Chinese herbalism and

acupressure. Other trainings of the SSMC were lead by herbalists. When asked about

trainings the core group described a variety of techniques.

Carin: [W]e do a lot more like uh uh like natural medicine. They go over homeopathic

medicine; they go over acupressure

Amy: (At same time) acupressure

Carin: They go over basic Chinese medicine like just like really, really basic things uhm

which I appreciate a lot because it ends up feeling a little bit like theirs end up

feeling less like uh first aid training and a little more real to what you’re dealing

with. (Interview 11/10/2008, index 184.61)

There is a distinction that Carin is making here between first aid and the ‘‘real.’’ This I

would argue goes to the higher level of care (diagnosis, treatment) that alternative medical

practices offer street medics. Notice that this is a different distinction between first aid and

the real than is made by Amy in the next turn-of-conversation:

Amy: I think the one last spring was definitely more of like a first aid type of a training it

seemed at least uhm they I guess the big difference is the focus on like procedures

and doing things like the little donut [bandage] uhm versus talking more about the
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environment that you’re going to be in and functioning in that stressful

environment, which is good and bad, depending on who you have. There are

people at the people, I’m sure you heard them say like, this isn’t really my area of

interest, I’m not going to go out into the street. (Interview 11/10/2008, index

184.61)

Here ‘‘the real’’ is about context, not about alternative medical practices. In both cases

there is this sense that first aid is a baseline that is a bit denigrated. Street medic training

should transcend first aid, but this transcendence can be achieved in a wide variety of ways:

alternative medical practices, discussions of more complex medical conditions, discussions

of the tactics needed to function in the protest/riot context, ‘‘after care’’ (treatment of stress

and health after ‘‘running’’ as a medic).

Street medicine is a self consciously eclectic practice that, unlike the early work of

SSMC, avoids directly confronting the medical establishment. Instead, following a certain

type of anarchist politics, street medicine tries to build an alternative system within the old

system. Street medics do not (by and large) avoid traditional systems, but they are, at the

same time, trying to create their own that has to work with both traditional emergency

medicine and protesters who fear/distrust that system. Often that puts them at odds with

one or the other. The SSMC, for instance, found itself tied up in debates over gender

identification. There were protesters and medics who biologically appeared as one gender

but identified with another or none at all. Often patients would want medics to use

alternative gender pronouns. One of the core medics explained how this alternative lin-

guistic system worked,

Bonnie: There’s three gender neutral terms that I’ve heard and heard people refer to

them as and the zee, which I hear all the time. Uh, there’s the co (daco) which

really strange… And it’s really, really strange and it’s very hard to follow a

conversation with someone who’s like, you know, ‘‘Zee went to the store’’ and

‘‘Zee got…’’

Amy: I wouldn’t understand. Basically if you left Seaview—I think a lot of it is

localized to this region. (Interview 9/18/2008, index 2635.82)

There is a history of people trying to popularize gender neutral pronouns, in systems such

as Spivak (Wikipedia 2012), but none have ever been universally adopted. This leads to

problems when dealing with the traditional medical system that expects people to be

clearly gender identified (along the lines of their biology) and to be dutifully represented by

he and she. The medics, to prevent confusion when dealing with traditional medical

structures, side with the establishment on this issue.

Amy: As a medic, I’m going to say if they have a penis that they’re male to the EMT

when I put them in the ambulance and deliver them to the hospital. I’m not going

to say well blah blah blah, this person identifies themselves as female, y’know,

just so you know

Carin: My philosophy is that if they’re writhing around in pain, but their not so much in

pain that they get over a slip of the tongue that their medic probably had that was

entirely understandable, that they’re clearly not in that much pain. (Interview

9/18/2008, index 2635.82)

In this exchange the ambiguity of the street medics’ position is clear, as is clear a certain

identification with reified gender categories of medical systems. The street medics are

sympathetic to the struggles and utopian hopes of their alternative community, but they are
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also deeply pragmatic in their approach which they see as necessary given the urgency of

their work. Caring about their patients is prior to ideological commitments. And this is

another sense in which the street medics are truly neutral. Or as one medic described it,

‘‘You are Switzerland’’ (Training 10/25/2008, location 3251) But, as this shows, the

medics’ neutrality is itself a taking of sides: taking sides with the medical establishment in

the interest of patient protection and efficiency of communication. The street medics of

SSMC (and the Black Cross) at least are activists with certain affinities towards the

traditional medical system. That said they seek to bring relief into areas in which the

medical system has broken down: riots (e.g., Seattle in 1999), hurricanes (e.g., Katrina in

2006), earthquakes (e.g., Haiti in 2010). These are places, geographies, where power has

become weak and is exercised through violence rather than through law and consent.

Having laid out a broad outline of the multidisciplinary cosmology of the medics, I want to

use this to turn to the question of the role of multidisciplinarity in the neoliberal glop.

Democracy and science in/for the glop: beyond the dreams of science

In the gestating glop of the present, as in Marge Piercy’s (1991) Glop of the not-too-future,

democracy, law and civil society has been withdrawn (slowly or quickly) for all of those

outside of the gated communities owned and run by corporations. She writes,

[G]ang members distinguished themselves by their uniforms, paint, tattoos, by daring to

show their arms, their legs, their faces and chests. They wore weapons visibly, every-

thing from knives to laser rifles; officially weapons were outlawed, but the only laws that

held here were turf laws of the gangs who controlled a piece of the Glop. (p. 33)

Disposable populations are fodder for forced work (industrial prison system), for having

their voting rights curtailed (through tortuous identification requirements), and for disposal

(under the guise of stand-your-ground laws). Contesting and building democracy in these

non-corporate spaces has to be seen as a priority. This was the work of Occupy movements

in the spring of 2011. To resist corporate power, communities took temporary possession

of public space, practicing novel forms of democratic decision making, building alternative

technological networks, and, with the help of street medics, practicing alternative

medicine. The Occupiers were resisting the neoliberal tide that has succeeded wildly in

restricting democratic participation, and this like much of the movements supported by

second wave medics has sought to interrupt ‘‘globalization’’ which plays a key part in

neoliberal econo-legal infrastructure.

Redemocratization is the priority in these brutal zones. This can be seen in the

depreciation of licensing and technical know-how that opens the Athens Manifesto:

• We will do facilitation and anti-oppression work in the trainings

• Oppressive behavior has happened in trainings and on the streets and in the clinics

coming from action medical/1st Aid people. We want to prevent it from happening

again. You can be a neurosurgeon or the most experienced trainer around, but if you

don’t know how to facilitate or are oppressive in your behavior, you are doing more

harm than good. (emphasis mine)

This skill of being non-oppressive is in part a priority on a consensus process of decision

making and part an exhibiting of a commitment to a radical egalitarian ethos—something

the SSMC were dangerously close to crossing in their refusal to use gender neutral

language. Medical heteroglossia is a part of that radical egalitarian ethos. Working in
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communities involved in resistance to the neoliberal oligarchs means not substituting one

global system (corporate globalization in the form of free trade zones) for another (e.g.,

allopathy). Heteroglossia means embracing multiplicity and ‘‘world-traveling’’ (Lugones

1990) without erasing difference. Medical heteroglossia is thus a specific form of

interdisciplinarity, that is necessary to re-articulate a technoscience for the conditions of

dedemocratized geographies, i.e., for the glop-in-formation. It emphasizes multiplicity,

openness and democracy at the possible cost of cherished technoscientific dreams: a

common language, universality, reliability, and replicability. But that cost is unclear.

Given that in the red zones, in the glop, the social structures are unstable, science and,

hence, the ability to realize science’s dreams, is out of reach.

This problem of the difference between the stability of the technoscientific network and the

volatility of red zones/states of emergency/zones of protest/etc. emerged in the history of

street medicine itself. As noted the Black Cross conducted clinical trials for treatments for

chemical weapons. Their results identified effective formulae for treatments for exposure to

the eyes and the skin. However, in the state of protest or riot, using these treatments has proven

to be not just problematic, but dangerous. The field has turned out to be too tumultuous to

safely administer these ‘‘effective’’ treatments identified in the calm and cleanliness of the

clinic. Instead, medics have in each case (albeit for slightly different reasons) chosen to use a

safer substance (water) over those identified by the Black Cross. As Bruno Latour notes, the

material lives of those who want science to work has to, in many ways, resemble the sterility

of laboratory life (1983). Instead new sciences, what Sandra Harding calls ‘‘successor sci-

ences’’ need to be empirically built out of the struggles for social justice in those red zones

(1991). The dreams of technoscience becomes problematic in the glop where they are not

sustainable. At best such dreams might surface again, as a point of discussion, if and when re-

democratization is realized, but until then scientific heteroglossia serves as a more effective

dream for an effective science for social justice.
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Abstract In pursuit of more mindful notions of hybridity, this review essay provides a

series of reflections on Mathew Weinstein’s representations of Street Medics and ‘sciences

for the red zones of neoliberalism’. My analysis draws on three popular ways of thinking

with boundaries to offer a critical reading of the boundary-work that the essay performs

with respect to three dialectics: (1) technical and political; (2) disciplinarily and multi-

disciplinarities; and (3) structures and agencies. I conclude with reflections on my

boundary labour as a researcher, writer and pedagogue and how such cultural work might

learn to live better with difference, ambiguities, hybrids and cross-hybrid learning.

Keywords Street science � Boundary-work � Hybridity � Liminality

Introduction

In most academic circles it is widely lamented that the world is complex and messy. Our

work as researchers and educators, in this respect, is usually premised on making it less so:

of tidying it up and thereby simplifying in some way or another by selectively attending to

some things and not others (see discussions in John Law 2004). I sometimes reflect on my

own scholarship, research and teaching in this regard as a type of internal and external

quest for the neater. In what follows—however—I want to mess with neatness. My

reflections on ecological mindfulness and cross-hybrid learning still grasp tightly onto

ideas shaping a future, but always accompanied with some caveats, ambiguities, liminal-

ities and refrains.
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The call for papers in this Special Issue situates cultural discussions of science and

technology at the nexus of ecological mindfulness, alliance-building, inter-sectionality and

cross-hybrid learning. This seems far-reaching. Holism, after all, is tantalisingly seductive

in an era so often characterised by excessive pedagogical splintering, and the proliferation

of subfields often defined and supported through assertions of difference. Like so many, I

want to escape the ‘turf wars’ and associated competitions emanating from what might be

described, a little ungenerously perhaps, as a type of pedagogical sibling-rivalry. The

proliferation and antagonistic relationships of the so-called ‘adjectival educations’ has

been a topic of much discussion and concern (as the editors of this special edition astutely

note). Such battles often flare up at moments of crisis, economic, or otherwise. In response,

we are now being encouraged to come to our holistic senses, to suture ourselves, and our

accompanying representations of the world back together again. But, of course, accom-

panying those desires there are nagging questions of assemblage. After all, not assem-

blages, unifications, or alliances are the same, or for that matter, perhaps, equally desirable.

Given this, is there, perhaps, more than a hint of self-evident desirability within some of

our wishes and hopes for cross-hybrid learning and interdisciplinarity? Are some hybrids

and interdisciplines simply better than others? In such discussions there is, of course, an

ever present danger of something appealing simply because it is not the other. I want to

resist this type of trading of problems with solutions. What interests me most is how to turn

to these important, and I believe helpful concepts, with my subjectivities and shared hopes

for the future intact, whilst escaping some associated baggage of the ‘modern terrain’ in the

form of dualisms, certitudes and authority.

With these thoughts in mind, in what follows I offer some reflections on one of the

articles in this special issue. The focus of these is on the performance of boundaries, or

boundary-work. I want to think about the unavoidable and yet simultaneously questionable

nature of this work within pedagogy, research and writing. Boundaries serve as a way of

ordering things, of philosophically separating things out, and making the messy and

complex less so. They bring things together by circumscribing a shared identity, under-

standing and language for a given concern. They can also corral impetus for change and

offer prospects of leadership with cleaner and clearer compasses. However, boundaries by

their very nature are also exclusionary and authoritative. They mark commonalities and

separate differences. They simultaneously indicate what counts as ‘inside’ and ‘outside’ of

communities, epistemologies and pedagogies. By so doing they can serve to fracture as

well as unify causes.

This paradox of boundaries seems central to considerations of pedagogical splintering

and associated rivalries, as well as cross hybrid learning and inter-sectionalities. In such

terms, the intent of this Special Issue might be reframed as pursuing different types of

boundary work, of seeking to transgress, rebuild, or re-bundle policies, pedagogies and

epistemologies. Such arrangements and rearrangements (some might use the terms

assemblages or enactments) can have profound epistemic, moral, ethical and political

implications. Our curriculum and pedagogical decisions are perhaps neither as innocent or

static as we would like them to be. They are active constructions: continuously making and

remaking some representations of the world more visible, and others less. I conceive this

more as an open-process: not so much as a technical or passive exercise of describing a

‘fixed-world’, but as an active process of collaborative constructing one. Given this, a

somewhat under-theorised line of enquiry seems to open up in Cultural Studies of Science

Education in which we more purposefully and strategically think about our boundaries and

associated practices. What types of boundaries might/ought we transgress and redraw in

our desires for cross-hybrid learning and research? What boundary work might we aspire to
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in our policies, research and practices? How? Why? I return to consider these questions in

my concluding paragraphs and also, I hope, in future work (see the PEASE project, http://

pease.irisyorku.ca/).

Here is the order of the essay: I start by discussing three popular ways of thinking about

boundary work associated with Science and Technology Studies. I then turn my attention

to one of the essays within this issue, Matthew Weinstein’s provocative discussion of

‘Sciences for the Red Zones of Neoliberalism’. I offer some reflections on my reading of

boundaries within the essay and conclude with some personal reflections on my own

boundary-labour as a researcher, writer and pedagogue, and how such cultural work might

learn to live better with ambiguity, cross-hybrid learning and mindfulness.

Boundary work

Within Science and Technology Studies there are three main ways of thinking about

boundaries. The first is associated with Thomas Gieryn’s (1983) seminal work on the

practical everyday labour that goes into establishing and maintaining epistemic boundaries.

Gieryn’s point is suitably ironic. While philosophers and other social scientists have put an

extraordinary amount of effort into trying to find an appropriate mechanism to demarcate

‘science’ from ‘non-science’ for many decades (see for example work by Karl Popper, Paul

Freyabend and Imre Lakatos), demarcation is quite routinely and repeatedly performed

(often unconsciously) in everyday practice. Boundary-work in this respect, as Gieryn

(1983) notes, is not solely an analytical problem of philosophy and epistemology, but is

even more importantly a set of values, or ideologies, that are continuously performed.

Boundary work, for example, is found in scientists attempts to create particular public

‘images’ of their work that align with ideological commitments and struggles for authority

within the public sphere. Gieryn’s analysis focuses on particular moments: John Tyndall’s

public addresses in Victorian England; The status of phrenology in 19th-Century Edin-

burgh; and a 1982 report by the National Academy of Science on the scientific community

and national security. Education work is continuously fashioning boundaries. Our educa-

tional policies and practices concern decisions over what is in (or out) of the school

curriculum. Our moment-by-moment decisions taken in lesson planning and teaching are

continuously performing acts of inclusion and exclusion; what a lesson contains (or not);

what teaching approach to use (or not); what assessment task (or not), and so on.

A second tradition in the study of boundary work is drawn from Susan Leigh Star and

James Griesemer’s (1989) often cited and highly influential work. Here, focus is placed on

‘‘objects’’ or ‘‘things’’ that are able to span boundaries and operate within and between

multiple social worlds. This includes associated concepts such as ‘immutable mobiles’

(Latour 1987), ‘trading zones’ (Galison 1999) and others. Within this literature, the

emphasis is placed on how some ‘‘things’’ (objects, ideas, practices, people and other

animals) are able to move (seemingly) effortlessly across boundaries, variously described

as hybridity, fluidity and so forth. There are comparisons here with inquiries in educational

studies that have used metaphors of ‘border-crossings’ in learning. Henry Giroux (2005),

for instance, describes ‘border-pedagogy’ as desirably ‘developing a democratic public

philosophy that respects the notion of difference as part of a common struggle to extend the

quality of public life’ (p. 20). The late Elliot Eisner writes extensively on education as a

process of ‘boundary-breaking’, defined as a ‘rejection or reversal of accepted assump-

tions, thus making the ‘given’ problematic’ (Eisner 2005, p. 10).
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The third tradition is certainly more contemporary, and for a variety of reasons it is also

more controversial. This involves establishing mechanisms for purposefully drawing

boundaries with respect to forming heuristics of expertise. Harry Collins and Robert

Evans’ (2002, 2007) widely debated work has explored this within Science and Tech-

nology Studies. The authors outline a normative theory of expertise that is not always

captured through formal certification, but it also simultaneously acknowledges that par-

ticipation by ‘non or lay experts’ is not always better within a given context of concern. In

response, they offer a tri-classification system comprising ‘no expertise’, ‘contributory

expertise’ and ‘interactional expertise’. Notwithstanding thoughtful critiques of this work

(see Sheila Jasanoff 2003), I continue to believe this raises important and timely questions

within science and technology education that have yet, to my knowledge, been explored in

any detail or depth.

Armed with these three approaches, I now turn my attention to Mathew Weinstein’s

paper.

Sciences for the red zone of neoliberalism

Non-corporate spaces, allopathic medicine, bubble cities, radical egalitarian ethos, Neu-

romancer, Percy’s Glop, multidisciplinary cosmology, global plutocracy, dreams of tech-

noscience, re-democratization and homo-sacer: wow, Matthew Weinstein’s studies of

street medics remain remarkably compelling. Besides, who could not enjoy a mix of steam

punk imagery, Naomi Klein ‘colour coding and rampantly dysfunctional neoliberalism’—

all whisked together with selected theories from Sandra Harding, Bruno Latour, and

Michel Foucault. Weinstein narrates a compelling socio-political milieu: the intersection of

technoscience and particular acts of resistance and civil disobedience within an epoch of

rampant, dysfunctional post-Thatcher and Reagan-libertarianism. Street medics are

something to celebrate and it is largely through Matthew Weinstein’s writing they have

become much more widely known and suitably admired in science education and beyond.

These engaging analyses raise a series of intriguing and complex questions about tech-

noscience, popular activism, and democratic politics. Such questions are especially per-

tinent to on-going discussions of education, as they offer a rich case context to explore

situated political, contextual, technical and pedagogical entanglements.

Weinstein’s argument is an invitation to conceive of the praxis of street medics in

different ways than traditional medicine and healthcare. In this regard, he joins with a wide

range of authors who argue for the recognition of what might be broadly described as ‘local

knowledge’, ‘public science’ or ‘street science’ (see for example Jason Corburn 2005).

Street medics have become the focus of a number of Mathew Weinstein’s articles and

presentations. My comments here are restricted to the article contained within this issue

and explore three themes.

The technical and political

So how should we reflect upon the complex and messy practices and expertise of street

medics? Weinstein argues that this requires a closer attention to their historical context of

formation mapped out within two waves. He thoughtfully invites us to consider their work

within ‘a context of history of resistance and states of exception’. Their practices in this

way are constituted within politicised, and often volatile counter-contexts of struggle and

resistance, and involve being a ‘professional witnesses’ as well as ‘medical interveners’.
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Thus, Weinstein situates these medics’ praxis within particular political and technical

(medical) narratives—including their historical political contexts of formation, the broader

political contexts of their practices, and their technical expertise (their ‘medical training’ to

use Mathew’s terms). In this regard, street medics serve to re-define boundaries of what

might (or ought to) count as science and technology (medicine and healthcare). He writes:

The need for street medics and the non-licensing of them is part of the legal-political

ecology in which they often work: states of emergency or exception. Even the

northern doctors working the March from Selma to Montgomery were without a

medical license (which are issued by the state). What protected them, and all street

medics, is a separate set of state laws known as Good Samaritan laws that provide

some limited protections for people to assist each other in emergency situations.

Primarily, this is an argument about situated expertise and credibility. Considerations of

the ‘non-licencing’ and ‘lack of training’ (particularly in the case of the ‘second wave’

medics) need to be carefully conceived within specific political contexts (states of emer-

gency and exception) and good ‘Samaritan laws’. Their praxis is thereby legitimised

through the particular contexts of care and civil unrest in which they operate. Street medics

might thus be represented as hybrids—entwining politics, ethics, legal and health practices,

place and epistemologies in particularly dynamic and situated ways. This analysis of their

work seeks to progressively redraw boundaries over what might constitute medical and

health care practices and credentials. Such discussions are often silenced, however, through

the claim that medical expertise is solely a ‘technical’ (and thus asocial and apolitical)

exercise.

In this context, at a latter point in the article, Weinstein turns attention to efficacy:

Setting aside questions of efficacy (and efficacy questions can be raised about a large

number of first aid techniques, whatever the tradition—CPR, for instance, is mar-

ginally effective), our training provided techniques for addressing asthmas and

hyperthermia through Chinese medical practice, conditions that go beyond first aid.

As Weinstein notes, the praxes of street medics often go beyond everyday first aid.

Nevertheless, I am bothered by prospects of ‘setting aside questions of efficacy’ in any

context, especially health care treatments. Do we need to trade the ideological and political

with the technical in this manner? Should we surrender questions of efficacy and effec-

tiveness of treatments in any context? Surely some medical practices are better than others?

Some have to be more efficacious than others one would imagine? While recognising the

politically asymmetrical nature of epistemologies and associated practices (including

medicine), I assert that we need to continue to centre on questions of efficacy and utility

(both within and away from the clinic) and not marginalise them. Here, once more, I am

thinking with boundaries and the need to avoid a type of misguided populism, or cultural

levelling, in which no expertise is discernible or demarcated. Simultaneously, I am also

conscious of the ways in which dominant medical practices often fail to recognise, so

called, ‘lay-expertise’, and this needs to be taken-up by purposefully and carefully

broadening boundaries. But the street medic question within technosciences need not be

settled through a type of ‘trade-off’ in which ‘Knowledges from Below’ (Street Medicine)

are placed in an either/or Darwinian-style conflict with ‘Knowledges from Above’ (Tra-

ditional Medicine) (to use Sandra Harding’s labels). Our discussions of cross-hybrid

learning and environmental wellbeing in this regard need to continue to grapple with

situated and ideologically-driven practices but concomitantly with technical questions of

trustworthiness, credibility, validity and reliability. If such approaches are to change the
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way that medicine and healthcare is conceived and practised, such practices need to

embrace questions of legitimatisation albeit from differing ‘angles’ or ‘paradigms’ (see, for

example, discussions by Patti Lather, 1993).

Disciplines and multidisciplinarities

Different scholarly medical traditions (Chinese, Allopathic and Naturopathic) play a role in

street medicine. As Weinstein notes, each of these traditions have their hierarchies and

disciplinary boundaries demarcating insiders and outsiders:

Schools that allow novices to enter into these conversations, and within these con-

versations there are criteria for assessing novices and expert practitioners, and eso-

teric knowledge is needed to become the latter.

Street Medics websites, however, reveal an affinity for non-allopathic medical traditions

and Weinstein accounts for this in a number of economic and pragmatic ways. My reading

was drawn to the medics’ favouring of non-allopathic medical traditions as a political-act,

in part, stemming from dissatisfaction of the corporatized nature of dominant medical

practices. As Weinstein writes:

Embracing these other scholarly traditions can be seen as a political act in as much as

allopathic medical systems are taken to be part of the problem that protesters are

resisting. The allopathic medical system is, after all, corporate at many levels (from

the role of big pharma, to the multinationals now running most hospitals and HMOs)

and historically implicated in medical inequity.

I have some sympathies this type of ideological analysis. However, I also want to

question the ways in which it unnecessarily conflates potentially different frames of ref-

erence for decision-making. The corporate excesses of ‘Big’ or ‘Bad-Pharma’ [of which

there are many—see discussions, for instance, by Ben Goldacre (2012)], clearly need

reform. Some practices of drug companies, as Ben Goldacre (2012) provocatively docu-

ments, are demonstrated ‘biased’ toward economic capital through selective ‘efficacious’

publishing practices. Nevertheless, these complex, multifaceted discussions should not be

reduced to an either/or-type analysis. In other words, a deep-rooted ideological dissatis-

faction with the corporatization of western health care need not equate with a universalised

rejection of mainstream ‘allopathic’ expertise. The point again, perhaps, is not to lose the

‘technical’ within the political (or vice versa). As Weinstein, himself, clarifies on the

following page:

Medics do not reject allopathic medicine. Many are trained in it. The collective I

studied were grateful when traditionally trained doctors and nurses worked with

them.

Notwithstanding the corporate excesses of allopathic medicine, there are also important

questions of the role that neoliberal capital plays within alternatives, and vice versa. Whilst

such practices are unlikely to display the demonstrable excesses of ‘Big/Bad Pharma’, I

have little doubt that they themselves are entwined and implicated to some degree or

another with global neoliberal capital. Non-allopathic medical practices are now often

globalised (as the street medics example serves to at least partially demonstrate). Non-

allopatic practices are also frequently (I suspect) for profit; as the centre that I go for my

regular shoulder acupuncture demonstrates (I should also acknowledge that a wide-range

of different practices are themselves associated with ‘acupuncture’). Importantly, this is
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not to lose sight of scope and scale, or to defuse political resistances—but it is simply to

invite reflections that avoid hardening boundaries between different medical practices and

externalising associated economics. The situation is more complex and messy, in most

instances, between local/global and capitalist/non-capitalist boundaries.

As Weinstein astutely notes, relationships that some street medics have toward science

and different medical practices are complex and at times rather ambiguous and contra-

dictory. In this regard, I was left wondering in what ways might their practices resemble

‘medical heteroglossia’ (an ability to speak in multiple medical registers comfortably—see

discussions on pages 10–14), as well as how such practices might fall short of, or transgress

such resemblances. This complicates the analysis and is nothing more than an invitation to

reflect on the practices of street medics in a way that embraces their ambiguity and nuances

and thereby resists tightening analytical boundaries of circumscription and identification

(cf. Gieryn 1983) that are often found wanting as oversimplifications. Is this analysis

unnecessarily too tidy? What might be lost and gained by these demarcations, I ask

myself?

Continuing with this theme, whilst the ‘Athen’s Manifesto’ signifies an admirable desire

to respect multiple medical traditions, I am also intrigued by how such desires map out in

practice. As Steven Epstein’s (1996, 2007) widely cited study of aid activists indicates,

complex power structures can exist within and between activist counter cultures and these

can become closely aligned with traditions. Those speaking the language of traditional

medicine (the dominant ideological discourse) are often in a much better position to be

heard (and consequently can influence reform). In this regard, I am curious to the extent to

which different medical expertise is treated differently within street medicine praxis, and

any associated power structures and hierarchies. Such questions were, quite understand-

ably, not covered in this essay due to focus and emphasis. Nevertheless, internal power

structures and political manoeuvrings can too often go unnoticed in countercultures as they

can be framed primarily in terms of their other-ness, their departure from particular

undesirable mainstreams (and this type of analysis can simultaneously mask their simi-

larities as well as their contradictions to the mainstream).

Structures and agencies

Weinstein carefully and thoughtfully situates the work of street medics as a response to

contemporary widening inequalities characterised by globalised capital and the privati-

zation of the public sphere. He draws on Naomi Klein’s coloured boundaries distinguishing

red and green zones. In green zones: ‘social structures, democracy and economic activity is

stable and growing for elites’. This contrasts with red zones in which: ‘states of civil

emergency are the order of the day: democracy is limited, socio-technical systems are

unstable, economic and social safety nets are both broken’. This analysis was used by the

US military in Baghdad and Iraq. The red zones he then compares with dystopian images

of ‘steam punk’ science fiction and the evocative notion of Marge Piercy’s ‘glop’ and

Henry Giroux’s ‘disposable youth’.

Such discussions are provocative and offer striking juxtapositions. The difference

between ‘rich’ and ‘poor’, ‘stability’ and ‘instability’ and ‘success’ and ‘failure’ seem

increasing bifurcated. A recent report by Oxfam underscores this point with the associated

headline ‘‘85 richest people as wealthy as poorest half of the world’’ (Wearden 2014). This

is staggering. The bulging profits of the super rich are unprecedented, offensive and

contemptible. But, perhaps, what is especially unsettling here is that political conditions

that serve to widen inequalities and inequities are operating at exactly the same time that
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societies seem to be becoming more liberal. On this point, Louis Althusser (2014), for

instance, directs our attentions to social capital relations that are not solely about condi-

tions in which we work (and different coloured zones), but also about how we come to

constitute ourselves as subjects within our relationships during work and within these

zones (to use Weinstein’s language). This (pre)Foucauldian-style analysis invites self-

reflection on the ways in which everyday practices (including science and technology

education, of course) are deeply implicated in shaping relationships. Similarly, it raises

some critical questions of the street medics work. Weinstein situates the street medics’

work within an increasing polarised world. But there is an important accompanying

question as to the ways in which their work thus relies on and is thereby implicated in this

world, as well as being a significant force of change.

Naomi Klein’s Baghdad and Iraq military-style colour coded analysis serves so neatly to

draw sharp boundaries between different economic and political zones (separating those

that are rich and powerful, from those who are poor and subjugated). It can, however, also

mask innumerable ways in which these zones are both socially and ecologically connected

(networked, some might say) and consequently co-reliant and co-dependent. What might

such considerations mean for the work of street medics and ‘sciences for the red zones’?

This is an important question.

Jason Corburn (2005, p. 7), for example, highlights ways in which street science

practices can shift burdens of support to volunteers and by so doing in some ways it

exonerates the state’s responsibility to protect those in need. Throughout the essay,

Weinstein situates the street medics’ practices within cultures of rampant neoliberalism

and faltering/failing democracy. The states of emergency that are outlined serve as con-

texts for credibility struggles. However, these are also, perhaps even more significantly,

emergencies-without-the-state (or at least, emergencies in which the state has ‘withdrawn’

to some extent). Alongside such considerations, I believe it is important to not overlook the

role that the state should have in these emergencies, including the increasing role that the

state could have in redirecting global capital to those in need as part of the duty of care and

responsibilities that it has for all citizens. Unless careful, our responses to an emergency

can slip into an Ayn Rand-style self-interested libertarianism, in which government is

further marginalised, individualized and privatised. This is clearly not what Weinstein is

proposing, but it is worthy of reflection within an increasingly liberalised world. In this

regard, I was interested to read about the many medics who work in tandem with state

licenced and supported doctors and nurses. I would have liked to hear more about these

relationships, as well as their contradictions and ambiguities. The ideological notions of

‘re-democratization’ featuring in the Athen’s Manifesto are also clearly worthy of further

reflections—democracy in what sense? Such considerations cannot brush aside concerns of

what and whose (re)democratization? As well as a host other considerations, including the

premises serving to distinguish democracy/re-democratization/(neo)liberalism and

accompanying notions change.

I was rather unsure of how to think about the identified left-leaning bubble cities

(Berkeley, Portland, Athens, New York City and Boston). But in reading Weinstein’s

analysis I was struck—once more—by the politics-of-boundaries surrounding the bubble,

in terms of what gets recognised (or not) as ‘resistance’ and ‘protest’. These cities have an

admirable record of ‘on-going protests’ and thereby, as Weinstein notes, they ‘share central

concerns with the ‘glop’. I admire this work greatly. But what exactly are these shared

concerns? How are they shared and when might they not be shared? Why these particular

cities, and why not others? Why these boundaries? Given that activism has a strong

association with the middle-class, a more critical analysis might contemplate ways in
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which middle-class identities and associated class-relationships and hierarchies are

(re)produced within what gets to count as left-leaning, activism, resistance and protest.

Discussions of such things cannot be extracted from class-relations but are, of course, very

much embedded and implicated in them. The point is that there is a critical (re)production

analysis that is being overlooked here. It is again a rather tidy story. Indeed, the heavily

structural analysis of coloured zones and disaffected youth whilst delightfully provocative,

does seem to cloud a more generous and encompassing reflection on identity, agency, and

what ought to count as civil-obedience and, of course, civil-disobedience. A general point

here, perhaps, is not to fall into the common trap of losing sight of identity, agency and

actions within heavily structural analyses of ‘sciences for the red zones’ and vice versa.

Thinking and meddling with boundaries

Sandra Harding calls for ‘‘successor sciences’’ that need to be empirically built out of

the struggles for social justice in the red zones (1991). The dreams of technoscience

become problematic in the glop, they are not sustainable. At best such dreams might

surface again, as a point of discussion, if and when re-democratization is realized, but

until then scientific heteroglossia serves as a more effective dream for an effective

science for social justice.

I would like to thank Mathew Weinstein for his thoughtful and provocative article. As

previously mentioned, I admire the work of street medics greatly. I offer my reflections

with a spirit of solidarity in a struggle for change. I enjoyed reading this essay in part

because it connects with my academic interests, political subjectivities and motivations in

multiple ways. I have a history of involvement in protest and activism, and have sought

over the past few years to more firmly connect these convictions with my educational

scholarship, research and teaching. This somehow seems possible now, perhaps even more

so than in the recent past. I openly wonder if this might be read as an expression of my

increasing liberalism? I continue to reflect on my boundary work.

The past few decades have seen a proliferation of sociocultural narratives of techno-

science within the public sphere, however the pedagogical implications of this work have

received much less attention (this is also the case, I should note, in Weinstein’s analysis).

The work of street medics, offers an intriguing and potentially revealing context in which

to reflect on science and technology education. This seems a pressing agenda to me.

For instance, there is a popular line of analysis in science education that wishes to

distinguish (to draw boundaries) between ‘scientific literacy’ (Vision 1) and ‘science lit-

eracy’ (Vision 2) (see Roberts 2007). The first vision is framed around leaners’ under-

standing of an issue like a scientist, while the second is situated within the public domain—

understanding science more like a citizen. This type of analysis, in my mind, simply serves

to re-establish very familiar and equally problematic distinctions separating sciences and

publics. Personally I feel that this is mostly misguided. Although there is insufficient space

to explore this in any detail here, I think the case of the street medics helpfully complicates

this type of polarizing analysis by inviting different, more nuanced, hybridized and liminal

rationalities. The three subcategories of this response (technical and political; disciplines

and multidisciplinarities; structure and agency) also potentially offer different vantage

points from which to contemplate pedagogical questions of street sciences and the their

relationships (or not) with publics and other sciences (plurals all intended). Above all else,

however, my suggestion is that in contemplating such things we need not instantly embrace
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either/or dichotomies and thereby extend representations premised on separating political/

technical, local/global, capitalism/non-capitalism, disciplines/multidisciplines and activ-

ism/non-activism. This Special Issue is about mindfulness and cross-hybrid learning. The

cross-hybrid learning that I have been experimenting with within this response has sought

to avoid such hardened (and potentially antagonistic) encounters of difference, and

hopefully makes visible some ways in which the admirable practices of street medics might

be tentatively read as dynamic mixtures of all these considerations (and, of course, many

more). In a given context this style of liminal analysis might prove efficacious and is

potentially less divisive and confrontational.

The metaphor of boundaries helps me to reflect on my work as a writer, pedagogue and

researcher. For me, above all else, the open-question of cross-hybrid learning and mind-

fulness (the theme of this Special Issue) necessitates self-reflection on the ways in which

my/our cultural work is implicated in the modern condition (including the Althusserian

paradox of increasing inequalities and liberalism) alongside possibilities and prospects that

this work might have for change. I do not wish to lose the hope of interdisciplinary and

cross hybrid learning, but to also think about these increasingly in critical self-reflexive

terms (see Alsop and Bencze 2014).

For me, in part, this special edition is a welcomed invitation to reflect upon why and

how boundaries are formed within our cultural practices of science and technology edu-

cation and research. How can we learn from/with our pedagogical sibling rivalries? What

might we have changed to alter the way that things have now become? It is also, of course,

an invitation to inquire and experiment into how such boundaries might be helpfully

redrawn and relived in the future. Perhaps an inquiry of this nature invites reflection on

how I might soften my cultural boundary work such that my teaching, scholarship and

research is more inviting and accepting of others and less divisive and antagonistic. The

cultural work of science and technology education brings people together in particular

ways and holds these groups together within shared interests and concerns. Arthur Frank

(2010, p. 131) delightfully reflects on ‘how particular stories fabricate particular groups’,

as well as an accompanying invitation of letting such stories ‘breathe’. I openly wonder

about my stories, my representations of science and technology education (including this

essay), and how they shape me and, perhaps, hopefully, others in some small way. I also

wonder what it might mean to let these stories and their effects ‘breathe’ and live more

mindfully both internally (inside my mind and body) and also externally (within science

education and further afield). In the end, perhaps this is one way that I can learn to live with

the quintessential paradox of boundaries as previously mentioned (their simultaneous in-

clusionary and exclusionary nature). It accompanies explorations of potentially different,

more permeable types. Who knows, this might be a basis for some theoretical and

empirical inquiries in the future.
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Abstract We address the nature of mindfulness and its salience to education generally

and to science education specifically. In a context of the historical embeddedness of

mindfulness in Buddhism we discuss research in social neuroscience, presenting evidence

for neuronal plasticity of the brain and six emotional styles, which are not biologically

predetermined, but are responsive to adaptation through life experiences. We raise ques-

tions about the role of science education in mediating the structure and function of the

brain. Also, we discuss interventions to increase Mindfulness in Education, including

meditation and heuristics, that act as reflexive objects to heighten awareness of charac-

teristics of mindfulness and increase the likelihood of changes in the conduct of social

life—increasing the mindfulness of those who engage the characteristics included in the

heuristic. We present mindfulness and the development of a toolkit for ameliorating

emotions when and as necessary as a component of a science curriculum that orientates

toward wellness and sustainability. We advocate for changes in the nature of science

education to reflect the priorities of the twenty first century that relate to sustainability of

the living and nonliving universe and wellness of sentient beings.
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Slow down and smell the roses

‘‘I’m like a horse with the blinders on running to the finish line, not seeing anything

but the goal it’s trying to reach.’’ (Ola, graduate student of teacher education pro-

gram, University of Warsaw, May 2013)

Ola is a twenty-some year old female student based in Poland and a participant in one of

our collaborative studies on mindfulness. In the above quote, she was responding to a

mindfulness heuristic characteristic, ‘‘When I’m walking, I deliberately notice the sensa-

tions of my body moving.’’ Dialoguing with her instructor, Ola admitted that she usually

runs everywhere she needs to be. Many of us—me (Malgorzata) included—may relate to

the above quote. In today’s results-oriented society, we tend to always be ‘‘on the go’’ both

physically (moving from one place to the next) and mentally (planning our next move or

ruminating about the past). Indeed, one of the leading contemplative neuroscientists,

Richard Davidson (2013), points to modern research indicating that the average adult

American spends nearly 50 % of his waking life mind wandering—not paying attention to

what he is actually doing. Too often, the ‘‘here and now’’ is considered insignificant; its

actors (such as a salmon featured in Clayton Pierce’s (2013) narrative in this issue)

coexisting but invisible to us. We miss out on life by failing to embrace and value every

moment. We tend to forget that our lives are a sum of moments or, in the words of

microsociologist Randall Collins (1981), they are a sequence of microsituations or mi-

croexperiences that are essential to grasping macrostructures or the big picture of social

life.

Sometimes we like having our minds wander. It in itself can be a very creative,

innovative, and enjoyable activity. Oftentimes though we get stuck in something we want

to get away from and cannot, or walk through life with little awareness of not only the

world around us but even of ourselves. Lack of attention may lead to becoming unaware of

and numb to how our individual and collective actions impact our minds and bodies, how

they impact the minds and bodies of our fellow human beings and those of other sentient

life forms. We become blind to our emotions and those of others. Unable or unwilling to

notice or care about the pain around us, we walk past people in need. When in the

classrooms, we are unable to register our students’ cries for help. As Mike Mueller (2013)

argues, we are prone to falling prey to neoliberalism, with its emphasis on individualism,

competition, and hyper consumerism. Subsequently, Mueller continues, we fail to notice

how our conduct contributes to waste, the suffering and abuse of animals, other people’s

ailments, and degraded ecosystems. Motivated by our supremacist and egocentric view on

the role of humankind (or rather humankindlessness), we forget about the interconnec-

tedness inherent in life on Earth and its significance to maintaining a symbiotic balance on

our planet.

As we argued elsewhere (Powietrzynska and Tobin in press), addressing issues of

wellness, sustainability and literate citizenship are among highly desirable aims of edu-

cation. We consider mindfulness to be a promising practice in accomplishing such goals.

Jon Kabat-Zinn explains that mindfulness involves ‘‘paying attention in a particular way:

on purpose, in the present moment, and non-judgmentally’’ (1994, p. 4). The recent

explosion of interest in mindfulness, by scholars representing diverse disciplines, has

generated a multitude of compelling evidence linking the practice with positive effects on

mental and physical health. Much of current mindfulness-focused science rests on the latest

insights into seemingly unrestricted connections between brain plasticity and mental

training. Thus, Davidson (2013) advocates that learning to remain aware of the present
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moment in and of itself can powerfully facilitate well-being and reduce suffering. We

consider a science classroom as one of many fields where such learning could occur.

Accordingly, we argue that mindfulness may represent a process skill, related to students

enacting healthy lifestyles and engaging in activities that transform the structure and

functioning of the brain (Powietrzynska and Tobin in press). Mindfulness allows us (and

our students) to pause, zoom-in on the microsituations and cancel out the cacophonic noise

inside and around us and thus to develop a sense of equanimity. Through developing

increased awareness of ourselves and of others, we are more likely to cultivate such traits

as loving-kindness and compassion that are directed both in- and outwardly. Accordingly,

teaching mindfulness may assist in the process of awakening or enhancing the traditional

moral values as argued by our British colleague, Terry Hyland (2013):

What mindfulness adds to the moral tradition is, first, the clarity of vision and

equanimous stability of mind and body that allow for the full expression of moral

principles and practice and, second, the passionate motivation to engage with the

world in the moral project of challenging injustice, poverty, inequality and all the

other factors that stand in the way of human flourishing and well-being (p. 6).

Considering the increasingly visible signs of the negative impacts of the ‘‘mindless’’ way

of living on the well-being of our planet and its dwellers (such as the increased frequency

and magnitude of ‘‘natural disasters,’’ the disappearing species of flora and fauna, and

stress-induced modern day diseases), we regard promotion of mindfulness as an ethical

obligation of those who participate in educating current and future generations. Therefore,

our ongoing work has focused on developing and implementing mindfulness-based

interventions into teacher-education programs at undergraduate and graduate levels.

Stepping in

Since a goal of our work is to transform practice through research, we seek to design

interventions to facilitate teachers and students improving the quality of teaching and

learning (Tobin 2013). We consider a heuristic as one such intervention. Accordingly, a

series of our recent studies have aimed at developing and implementing heuristics in the

educational milieu. Consistent with the idea that social fields intersect, we find that

engagement in mindfulness-promoting research expands beyond the confines of the

classroom as the study participants (including us) apply mindfulness practices when at

home, at the gym, or in the subway. As evidenced in the volume edited by Gerd Gige-

renzer, Ralph Hertwig, and Thorsten Pachur (2012), social scientists theorize and appro-

priate heuristics in a number of ways. For example, to Clark Moustakas, ‘‘heuristics is a

way of engaging in scientific search through methods and processes aimed at discovery; a

way of self-inquiry and dialogue with others aimed at finding the underlying meanings of

human experiences’’ (1990, p. 15). Our approach to heuristics builds on earlier work

conducted by Wolff-Michael Roth and Tobin (2002) with pre-service teachers. Back then,

used as a pedagogical instrument, the heuristics captured effective practices to be enacted

by future teachers while engaging with the educational craft. A decade later, our thinking

around heuristics has evolved to a considerable degree. To illustrate our current theory and

practice surrounding heuristics, we discuss one of our research studies involving appli-

cations of the Mindfulness in Education heuristic.

Mindfulness applies to social life writ large and how it is enacted is mediated by the

structures of fields in which activities occur. Accordingly, when we create a heuristic to
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increase mindfulness in activities that are of interest in our research, the most salient char-

acteristics of mindfulness will be selected and described in ways that relate to the activity’s’’

structures. For example, the characteristics of mindfulness in a physics lecture might be

described somewhat differently than those considered to be of primary importance in a

chemistry lab or during a karate lesson. We use the term shape shifter as a metaphor for the

idea that heuristics include characteristics that are related to specific features of an activity—

including the construct of interest (e.g., mindfulness) and the context, such as activity goals,

features of participants, and other structures including time, place, communities, and the

nature of participating institutions. Characteristics included in a heuristic can and should be

adapted to be contextually appropriate. In the case of the Mindfulness in Education heuristic

we recommend that researchers change the wording and number of the characteristics so that

participants recognize their relevance to the contexts that apply in a particular study. We

encourage potential users of the heuristic to select and adapt characteristics to include a set

that bears a family resemblance to the original set. If certain characteristics create undesirable

problems after an initial administration, it is desirable to make changes since the primary

function of a heuristic is for participants to connect their personal practices to the charac-

teristics included in the heuristic. Accordingly, shape shifting, or changes to the set of

characteristics, should be contingent and occur if, when, and as necessary.

The mindfulness study

This ongoing research is conducted with undergraduate students preparing to enter an

elementary teacher education program. The students are engaged in a gateway physics

course at a large urban four-year college. Karim Gangji, who is passionate about physics as

well as about assisting his students to learn the content, teaches the course. Over the years,

Gangji has identified students’ negative emotions as a major deterrent to learning science.

Therefore, high on his (and our) axiological ladder is alleviating the fear and anxiety

surrounding science learning that the majority of the students bring into the college

classroom as evidenced in the comment by one of his students:

Most of my emotions are just nervousness, being worried, anxiety. I’m always

thinking ahead. ‘‘what happens if I do bad on Exam 2?’’ ‘‘if the Exam 1 material was

hard how will I manage to pass the second or third?’’ how how how? (Amna,

Pakistani-American)

This student’s way of engaging with learning science exemplifies low levels of

mindfulness: not being in the moment but ‘‘thinking ahead’’ and worrying about a future

that generates negative feelings. We find that for many students the sense of anxiety is

associated with the historically constituted perception of the difficulty in grasping the

‘‘hard’’ scientific concepts. This anxiety is amplified by the institutional structures that not

only emulate the way science is taught (in the words of one student, ‘‘This class is more of

a class to go, sit, and take notes’’) but also place the course in the high-stakes realm.

Therefore, this teacher-researcher seeks to create a supportive environment and an

orientation towards attainability of success by each person. To that end, similar to a

growing number of educators, Gangji embraces mindfulness as a promising practice for

himself and his students. The mindfulness heuristic constitutes part of his toolkit. One of

his goals is to assist students with increased awareness of emotions and their impact on

learning as well as providing tools to alleviate intense detrimental emotional states that

arise in the teaching | learning environment. When provided with opportunities to express
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and reflect on their emotions as well as ways of dealing with negatively valenced emotional

states, one of Gangji’s students comments, ‘‘I do really like the fact that our professor gives

us time before and after our exams to describe how we felt about the exam’’ and another

adds, ‘‘The usual nervous and sad emotions of whether or not I will pass the class are

completely gone.’’ In addition, as evident in the following quote, these future teachers take

cue regarding the route to becoming more mindful from their professor:

He takes baby steps when we do not understand. It makes me believe, wow, there’s a

professor who is so gentle to his students. That is how I want to be with mine. Not

having doubts but confidence in each and every student. (Stephanie, Spanish-

American)

Alleviating emotions may afford increased openness towards learning science that includes

the ability to connect what is learned in the classroom with the larger context of the

lifeworld. After all, Gangji’s students will enact several social roles in addition to being

elementary school teachers. Therefore, what constitutes science content is of much

importance. Similar to other authors in this Special Issue, our epistemological stance

regards scientific literacy as stretching beyond traditional canonical knowledge (i.e.,

dispelling a notion that the sky is blue because of the ocean’s reflection as currently

maintained by 80 % of students in this class). To us, doing science means accessing skills

and knowledge (such as mindfulness) that allow one to recognize and possibly transform

structures that might threaten the individual | collective well-being on Earth. Doing science

must have ethical grounding and involve a pursuit of alternative ontologies and

epistemologies. As argued by contributors to this Special Issue, available alternatives

may include re-turn to animistic sensibility, education for ahimsa (i.e., nonviolence),

hybrid learning, indigenous science, and the heteroglossia of street medics’ craft. We

propose heuristics as a possible medium for engaging in exploration of ideas and practices,

such as those presented in this issue, that open up possibilities of countering destructive

structures of Western scientific hegemony.

So what in the world (of social science) is a heuristic?

Consistent with the hermeneutic tradition, a heuristic is meant to reveal the meanings

associated with a particular social construct. We accomplish this through generating a series

of statements, each describing some aspect (characteristic) of the construct. Accordingly,

we refer to these statements as characteristics. The characteristics are accompanied by a

rating or frequency scale. We ask respondents to choose a point on the rating scale that best

reflects their current state as relating to a construct such as mindfulness (see Fig. 1). As

students read each characteristic, they are exposed to a certain feature of mindfulness.

In its format, a heuristic may resemble a survey, questionnaire or a scale. However, the

principles governing the way heuristics are created and used are a far cry from the psy-

chometric features of their look-alikes. For example, since establishing statistical validity

and reliability of a heuristic is not among our goals, we are able to avoid repetitiveness and

redundancy among the characteristics. Heuristics are not used to generalize from sample to

population. On the contrary, consistent with William Sewell’s (2005) notion of social life

being experienced as patterns of thin coherence and contradictions, they assist in bringing

difference into light. Thus, responses to the heuristic provide a window into both the

individual and collective enactments of specific characteristics in a social field such as a

science classroom. Similar to our Dutch colleagues, Arjen Wals and Jifke Sol (2013), who
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place pluralism and heterogeneity over singularism and homogeneity, difference rather

than sameness is valued as a resource for learning from members of the collective.

Heuristics are meant to afford changes in the way a person enacts social life. We theorize

that such changes are possible through reflexivity or becoming aware of the unaware

(Bourdieu and Wacquant 1992). As a person reads a characteristic, in addition to becoming

aware of a particular feature of mindfulness, he or she makes a determination as to the extent

this characteristic is salient to his/her ontology. During this reflective process, certain char-

acteristics in the heuristic (more than others) may resonate with the respondent. In the process,

he or she may consider adopting practices that would be aligned more closely with those

characteristics. In addition to the availability of the rating scale to indicate the frequency of

occurrence of certain characteristics in one’s social life, we provide space for additional

reflections over each characteristic. The resultant narratives along with the numerical data

may assist in answering a phenomenological question: What is happening in this science

classroom? Equally importantly, the data afford engaging in hermeneutic interpretation of

why what is (or is not) happening is happening. The awareness raising and the transformative

potential of heuristics have important implications for science teaching | learning particularly

in the context of promoting sustainability, wellness, and justice. In the following section, we

discuss what Gangji, his students, and we learned from enacting the latest version of the

Mindfulness in Education heuristic in this physics course.

Mindfulness in Education Heuristic

Your name: __________________________Week: ____________

For each characteristic circle the numeral that best reflects your current state 
of mindfulness in this class. As necessary, provide contextual information that 
applies to your rating.

5=Very often or always; 4=Often; 3=Sometimes; 2=Rarely; 1=Hardly ever or 
never

During this class:

1. I notice my emotions without reacting to them. 
2. I am kind to myself when things go wrong for me.
3. I recover quickly when things go wrong for me.
4. Even when I am focused, I use my senses to remain aware. 
5. When I am emotional, I notice my breathing.
6. When I am emotional, I notice my heart beat.
7. I maintain a positive outlook.
8. The way in which I express my emotions depends on what is happening.
9. The way in which I express my emotions depends on who is present.
10. When I produce strong emotions, I can let them go.
11. When my emotions change, I notice changes in my body temperature.
12. The way I position and move my body changes my emotions.
13. I use breathing to manage my emotions.
14. I am kind to others when they are unsuccessful.
15. I can tell when something is bothering another person.
16. I am aware of others’ emotions from the tone of their voices.
17. I recognize others’ emotions by looking at their faces.

Fig. 1 Mindfulness in Education Heuristic
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A heuristic at work

Since mindfulness is a complex and multifaceted construct, it is impossible and unrealistic

to generate an exhaustive list of all its possible aspects. Therefore, an effective strategy is

to contextualize a heuristic. In other words, a heuristic should reflect characteristics that are

salient to a particular setting and purpose. Through assuming different foci in social life a

heuristic may aim at highlighting characteristics relevant to sustainability, wellness, and

(eco) justice. The mindfulness heuristic discussed in this section is reflective of our

research agenda that focuses on the salience of emotions in education and the now well-

documented connection between mindfulness practices (in the form of mental training) and

emotion regulation.

To be aware is to beware.

Richard Davidson’s seminal work in the field of affective neuroscience (the study of the brain

basis of human emotion) which provides grounding for his theory of Emotional Styles (Davidson

and Begley 2012) afforded the current shape of this heuristic. Involving six dimensions, Emo-

tional Style is ‘‘a consistent way of responding to the experiences of our lives’’ which ‘‘is

governed by specific, identifiable brain circuits and can be measured using objective laboratory

methods’’ (p. xi). Davidson’s work provides compelling, empirical evidence that challenges a

long-held scientific assertion that we are stuck with who we are. Quite contrary, the ability to

rewire our brains at virtually any age affords shifting to a considerable degree our Emotional

Style towards a more desirable direction as determined by each individual. It turns out that we

have the capacity to exert control over the extent to which emotions rule the way we live our lives

including taking charge of our wellbeing. Awareness, which is at the core of mindfulness, is the

requisite first step or a building block to becoming CEOs of our minds and bodies.

Consistent with Kabat-Zinn’s definition of mindfulness, two forms of attention are

relevant to Emotional Styles: selective attention and open, non-judgmental awareness.

While ‘‘selective attention refers to the conscious decision to selectively focus on certain

features of one’s environment and ignore others,’’ ‘‘open, non-judgmental awareness

reflects the ability to take in signals from the external environment as well as the thoughts

and feelings popping up within our brain, to broaden our attention and sensitively pick up

on the often subtle cues that continuously impinge upon us—but to do so without getting

stuck on any one stimulus to the detriment of others’’ (Davidson and Begley 2012, p. 86).

Characteristic 4 in our heuristic captures the seemingly conflicting idea of being focused

while at the same time remaining aware of the surroundings. The vast majority of students

(70 %) indicate engaging in this type of conduct always, very often or often. Some students

appear to be confused about the idea and ask, ‘‘Aren’t the senses essentially needed to stay

focused?’’ or state, ‘‘I do not understand this question.’’ Still other respondents consider

maintaining focus as their primary and exclusive objective, ‘‘I try to tune out the dis-

tractions the best I can and limit my focus point on my professor and the lecture to get the

best out of the class.’’ For these participants, possibly, an absolute focus on what they

believe to be relevant to science learning (obtaining canonical knowledge) is what a good

student does. One person appears to appeal to the transferability of the focused-yet-aware

concept between social fields. She states, ‘‘My skills as a parent and dealing with young

children have forced me to become more focused and at the same time aware of my

4. Even when I am focused, I use my senses to remain aware.
1. I notice my emotions without reacting to them.
10. When I produce strong emotions, I can let them go.
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surroundings most of the time.’’ To this student, skills developed outside the science

classroom find applicability in the college environment. As lamented by one of the Con-

cord High students featured in Susan Finley’s documentary (Finley and Barton 2013),

school is often associated with being forced to learn canonical knowledge that has little

relevance to ‘‘real life.’’ It is our desire for the science classroom to be a space where

students get a chance to develop skills that are applicable to leading healthy and fulfilling

lives. Finley documents that when tried, this concept appears to gain traction. At Concord

High, the initial skepticism about being able to change destructive habits of mind through

mindfulness practice gave way to a conviction by these ‘‘troubled youth’’ that it was

possible and rewarding to take charge of one’s mental and emotional life.

Many students in this physics class might have encountered this characteristic for the

first time when they read the heuristic. Accordingly, they might struggle to make sense of

the characteristic and/or fail to see its relevance to the physics class, elementary teaching,

and life in the world. This is what we expect. It does not matter that they selected very often

or often when, on reflection, seldom might have been a more appropriate choice. The

purpose of the heuristic is to heighten awareness about characteristics of mindfulness and

to consider the question—to what extent does my conduct reflect this practice? Once a

person is aware of a characteristic, there are possibilities for associated practices to change

in quantity and quality. We expect that awareness about a characteristic increases the

likelihood of noticing examples of synchrony and asynchrony in regard to particular

practices. Increasing experience will likely change understandings of the meanings of

characteristics, their value concerning personal and others’ practices relevant to the

characteristic, and perceptions about how frequently and in what ways the characteristic is

enacted. In other words, heightened awareness can fuel a reflexive process that serves as an

intervention, driven by hermeneutic-phenomenological processes.

As noted, mindful awareness is characterized by a non-judgmental quality. In the context

of affective states, the idea is that we are able to observe emotions that arise without the urge to

identify with them or react to them (as in characteristics 1 and 10). Davidson has shown that

‘‘circuits in the brain that control and regulate emotions overlap with those involved in

functions we think of as purely cognitive’’ (2012, p. 89). Therefore, emotions tend to cloud

our perception and hamper the quality of focus, which may have important implications for

learning. As demonstrated by Jeffrey Huntsinger (2013), the mechanisms underlying the

well-established relationship between affective states and attentional scope continue to be

investigated by modern science. Students in this class do indicate that they occasionally lose

focus and get distracted by random thoughts and negative emotions: the workings of the

monkey mind as described in this issue by Heesoon Bai (2013). In addition, about 1/3 of

students find themselves getting stuck on emotions (e.g., ‘‘I have never been good at letting

emotions go—especially strong ones’’). Persisting strong emotions may result in a destructive

conduct: lingering self-criticism for bumming a test, an angry email response to a co-worker,

an explosive argument with a life partner, or, as described elsewhere (Powietrzynska and

Tobin in press) in deleterious exchanges between a teacher and a student. Often, unmediated,

long-lasting negative emotions have disastrous implications for our wellbeing in the form of

anxiety, depression, memory and concentration impairment, high blood pressure, cancer,

heart disease, digestive disorders, sleep and many other problems. Pausing and letting go of an

emotional state may afford taming aggression directed at self as well as at other human and

non-human beings. Bai, who challenges the binary perception of the world as animate and

inanimate, argues that curbing our mind’s constant chatter and busywork will stop the con-

tinual draining and dissipation of vital energy. In the process, with our nervous system

nourished and replenished, we are more likely to see the world in greater animation.
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The ability to get unstuck and recover quickly from adversity constitutes the Resilience

dimension of Emotional Style (characteristics 2 and 3). Over 50 % of students indicate

being kind to themselves and able to bounce back after an academic failure. Many

understand that if they dwell on failure, ‘‘things can go worse’’ for them. For example, if

they ‘‘stress over a test during class, when something important is mentioned in class, they

can miss out on an important fact.’’ For some, a bad grade is ‘‘no reason to beat oneself up’’

but rather a motivator to ‘‘get extra help’’ or ‘‘work harder.’’ A smaller group of students

falls on the slow-to-recover end of the resilience spectrum. It includes a student who

comments, ‘‘If something goes wrong, it’s hard for me to let it go.’’

A closely related dimension of Emotional Style is Outlook, which reflects how long and

how well one can sustain a positive emotion (characteristic 7). Seventy percent of the

physics students say that they maintain positive outlook often, very often or always. For

some students ‘‘attitude is a little thing that makes a big difference.’’ Many attribute

positive outlook in class to the encouragement and confidence building (mindful) practices

of their instructor (‘‘Even if I face a difficult problem, professor’s Gangji’s words run

through my head: ‘Relax everyone. Just breathe.’’’) We find it encouraging when students

step outside the traditional teaching | learning environment and begin connecting what they

learn to their lifeworlds as evident in the following quote:

I believe that maintaining a positive outlook is one of the most important things a

student, or even any individual, can do for themselves. A positive outlook on things

not only alleviates unnecessary stress, but also allows you to think clearer. Often I

can be a stress ball, but knowing the grass is greener on the other side can help me

get through things. (Maggie, Asian-American)

Maggie appears to advocate applying the self-tested and now scientifically-grounded

principles to the one’s way of enacting life that stretches beyond the science classroom.

Sensitivity, intuition, kindness and compassion.

There should be little doubt that life of and on this planet would be much enhanced if

people were more sensitive, kind, compassionate and empathetic towards themselves and

other sentient beings. Indeed, Davidson (2013) confirms that according to modern research

kindness and compassion toward others is associated with peripheral biological (i.e.,

biology below the neck) changes that are salubrious. In other words, that good feeling we

get when we extend kindness towards others may be indicative of us benefiting from it. The

connection between mindfulness and compassion has now been well established through

multiple studies. For example, in a recent research project conducted with female teachers,

Margaret Kemeny and her colleagues (2011) found that mindfulness training increased

recognition of emotions in others and appeared to activate cognitive networks associated

with compassion. Our heuristic explores not only the level of awareness of emotions in self

and others but also the ability to respond with kindness to both self and others.

14. I am kind to others when they are unsuccessful.
15. I can tell when something is bothering another person.
16. I am aware of others’ emotions from the tone of their voices. 
17. I recognize others’ emotions by looking at their faces.

2. I am kind to myself when things go wrong for me.
3. I recover quickly when things go wrong for me.
7. I maintain a positive outlook.
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Characteristics 14 through 17 represent the Social Intuition dimension of Emotional Style

and ‘‘test’’ how adept we are at picking up social signals from the people around us. They

appeal to awareness of the emotions of others as a requisite condition to recognizing that

someone is in distress. When it comes to the ability to recognize when something is

bothering another person (characteristic 15), 30 % of students are at the ‘‘tuned-out’’ end,

35 % are at the ‘‘tuned-in’’ end and another 35 % fall somewhere in the middle of the

spectrum. Interestingly, however, when responding to characteristic 14 (which registers the

highest mean of all characteristics), the vast majority of students self-profess high levels of

compassion towards others. Regarded in ethical terms such finding is encouraging and flies

in the face of a conviction that people living in large metropolitan areas (like students in

this class) lead anonymous, selfish and indifferent-towards-others lives. It might be,

however, that since these young people have chosen to enlist to become elementary school

teachers, they share traits often associated with femininity (95 % of the group is female)

and with emotional labor of teaching young kids. In their comments, many students

indicate a willingness to assist as well as to console and commiserate with their classmates.

For some students their kindness towards others is somewhat conditional, but compassion

does kick-in in the face of failure:

Whether someone is unsuccessful or not, I am in general kind to everyone if they did

not do anything wrong to me. However, I do notice that I do treat a person extra nicer

if they, for example, fail their exams, or get a bad grade on their essay. (Alice,

Chinese-American)

Appropriate and timely response to another’s distress requires not only high levels of

Social Intuition but also of Sensitivity to Context (how good we are at regulating emotional

responses to take into account the context we find ourselves in) as covered by

characteristics 8 and 9. As noted earlier, mindfulness has been shown to assist in

increasing levels of attunement with and ability to respond to social cues.

Self-awareness

Characteristics 5, 6, 11, and 12 aim at increasing awareness about the well-documented

connections between emotions and our physiological responses to heightened emotional

states. They refer to the awareness of a well-documented bi-directional mind–body con-

nection, which is reflective of a mindful way of being. As pointed out by authors in this

issue, this ontological orientation stands in contrast with the dualistic worldview of

Western civilization. Richard Davidson states that, emotions ‘‘are arguably the most

embodied form of mental activity’’ (2012, p. 136). If we do not pay attention to the signals

our bodies send to our brains, we are running a risk of subjecting ourselves to enduring

unhealthy states such as those caused by chronic stress. Bai (2013) maintains that

unmitigated and accumulating stress burns out the nervous system and leaves its victim

consumed and depleted, physically, emotionally, and otherwise. In an earlier study, we

explored with our participants the physiological changes in their heart rate and oxygen

level. The recorded fluctuations (often considerably deviating from the norm) were in

5. When I am emotional, I notice my breathing.
6. When I am emotional, I notice my heart beat.
11. When my emotions change, I notice changes in my body temperature.
12. The way I position and move my body changes my emotions.
13. I use breathing to manage my emotions.
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response to heightened emotional states occurring during oral presentations on highly

controversial topics. We found that once equipped with this information, some students

turned to mindfulness practices with the goal of alleviating the possibly debilitating states.

In terms of the Emotional Styles, this group of characteristics represents the Self-

Awareness dimension. In this class, we register low statistical means associated with these

characteristics. This finding may suggest that for many students self-awareness may be at

the low end of the spectrum. For example, over 40 % of students indicate that they never or

hardly ever notice how their breathing changes in response to emotions. Additionally,

23 % state that this happens rarely. Only a slightly higher percentage of students indicate

being able to discern changes in heart rate when experiencing heightened emotional states.

Such low-levels of self-awareness are indicative of disembodied perception of self and

possibly a de-animated view of the world. Being able to tune into one’s body’s responses is

part of being mindful. High levels of self-awareness may afford recognizing affective

triggers and being able to regulate one’s emotions and to minimize potentially unhealthy

reactions. Characteristic 13 is meant to offer breathing meditation as an effective technique

to alleviate strong emotions, a technique that only about one fifth of the students in this

class practice on a regular basis. Some students comment on engaging in breathing when

prompted by the instructor’s encouragement ‘‘to take deep breaths’’ as exemplified by the

following quote by an Asian-American female student:

During this class, I do not use breathing to manage my emotions. But at times, our

professor would jokingly say, ‘‘breathe in and out’’ or ‘‘take three breaths’’ when the

class seems to be down or stressed. These would be the only times I would use

breathing.

Others, like Maggie, indicate having been exposed to the practice (possibly through

experience with Eastern traditions which, as demonstrated by Bai’s autobiographical story,

tend to get devalued and marginalized by Western schooling):

I was always taught to use breathing exercises, but have not really tried them. I think

it will help though. Sometimes, I just can’t get over my anxiety in order to actually

breathe.

Maggie appears to be ‘‘instinctively’’ aware of the likely benefit of using ‘‘breathing

exercises’’ yet, similar to 60 % of her classmates (who indicate doing them rarely, hardly

ever or never), she does not appear to be able to apply this knowledge and reap its potential

particularly when faced with strong emotions. Accordingly, Maggie’s Korean-American

colleague is among those who ‘‘try to take deep breaths’’ but when their ‘‘emotions are too

strong, it is hard to take control and manage’’ them. Because sustained strong emotions

may wreak havoc with one’s mental and physical health, it is of utmost importance to not

only know about but also implement effective interventions, such as breathing meditation,

to let them go, to get unstuck and to be able to return to a healthy equilibrium relatively

quickly.

Adopted from centuries-old Buddhist traditions and backed by the empirical evidence of

modern science, mindfulness and breathing meditation promise assistance with self-reg-

ulation and, if/when necessary, self-healing. Similarly, as described by Matthew Weinstein

(2013), street medics practice herbalism and naturopathy as an effective alternative or a

complement to allopathic (Western) medicine. Embracing the alternative traditions usually

requires commitment and resolve. In the case of meditation, as accurately noted by Bai, the

practice is a challenging activity as we are deeply conditioned to run on the monkey mind.

We are also conditioned to reach for quick fixes such as popping pills as a remedy for an
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ever-growing number of afflictions. Even street medics experience ambivalence towards

standardized practice and find it challenging to reject it. In that sense, the students’

apparent difficulty with applying breathing practice is not unusual.

The transformative potential of heuristics

To be an agent means to be capable of exerting some degree of control over the

social relations in which one is enmeshed, which in turn implies the ability to

transform those social relations to some degree (Sewell 2005, p. 143).

Our approach to research embraces the authenticity criteria that Tobin (2006) adapted from

the work of Egon Guba and Yvonna Lincoln (1989). The approach rests on an assumption

that participants in research benefit from their engagement in it. To that end, heuristics are

meant as an intervention affording ontological shifts towards better alignments with the

qualities of (in this case) a mindful way of being. As argued by Sewell (2005, p. 144) ‘‘a

capacity for agency—for desiring, for forming intentions, and for acting creatively—is

inherent in all humans.’’ In this study students’ agency may be interpreted through the

degree to which they engage with the characteristics in the heuristic. Using student

comments, we can gauge their openness to reflecting on and perhaps adopting (or rejecting)

particular characteristics of mindfulness (or shifting dimensions in their Emotional Styles).

We find that while some students decide to provide a commentary to every characteristic in

the heuristic (which might be indicative of relatively high level of engagement), others

reflect in this way on a few self-selected characteristics. As noted earlier, some

characteristics more than others are likely to resonate with individual respondents. There is

a group of students who appear to just ‘‘run through’’ the heuristic merely ‘‘bubbling in’’

the numerals with no apparent ‘‘deep’’ engagement with them. On closer inspection,

however, we find that a few students in this group opt to share their overall opinion about

the heuristic. Unsurprisingly, their comments vary to a considerable degree. While one

student finds the heuristic to have no application to her class, another, who says she never

has been asked ‘‘these types of questions,’’ appears to have been intrigued by the unique

character of the heuristic. Yet another student, Catina, points to the reflexive feature of the

heuristic which made her ‘‘think about the stuff’’ she does or feels when she is emotional,

even when she doesn’t realize it at the time. Still another (Indian-American) respondent

displays a similar-to-ours understanding of the ideas included in the heuristic and expresses

a desire to take better control over her negative emotions:

Emotions tend to take over the mind, body and spirit. I have noticed within myself

that negative emotions (sad, anger, stress, etc.) affect my well-being and my physical

connection with those around me. However, being a positive person for the most part

I can control these emotions and even hide them. Taking this survey helped me to

realize that I should focus more on my breathing once I am presented with negative

emotions.

These comments appear to indicate that the heuristics mediated reflection over what being

mindful may mean and, in at least one case, an explicitly stated desire to make a change in

how one enacts social life (‘‘I should focus on my breathing’’). We regard mindfulness as a

feature of being in the world, a central and irreducible component of lifeworlds. As is the

case for any activity an individual might engage, mindfulness is both a process and an

outcome. Hence, it is part of science achievement, not separate from it. From many
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perspectives there is folly in efforts to reduce mindfulness to a collection of constructs, as

we have done here, since any effort to represent with language falls well short of the full

meaning of a construct—especially in the context of polysemia. What we mean by this is

that the particular understandings we have for mindfulness are not fully represented in our

attempts to articulate our research and its enactment in interventions involving the use of

tools associated with reflexivity, heuristics, and breathing meditation. It might even be

considered greater folly to further reduce the information obtained from heuristics by

quantifying attachments to the characteristics of mindfulness included in the Mindfulness

in Education heuristic. Accordingly, our quantification and associated search for

constituent scales/dimensions of mindfulness are presented as part of a larger

hermeneutic-phenomenological inquiry that employed multiple systems of logic, methods,

and levels in a project that sought deeper understanding of social life and embraced the

goal of doing research for the purposes of enhancing life. The teaching and learning of

science, for the purpose of educating for literate citizenry, needs to move beyond twentieth

century goals of science for economic and militaristic superiority. Instead of focusing on

science education for the purposes of competing with other nations to become the

international leader we embrace science as a collaborative activity that seeks to promote

wellness for all sentient beings and sustain the living and nonliving universe. Accordingly,

mindfulness is not regarded as a means of advancing science achievement as it might be

measured by multiple-choice quizzes or as it was enacted in the present teacher education

programs that provide a context for this research. As is the case in all teacher education

programs, we regard mindfulness as part of achievement—not separate from it and

certainly not a precursor to, or subordinate to, what is often highly valued cognitive

achievement—in this case knowledge of conceptual physics.

Why do I care?

I can think of a few life threads that contributed to my (Malgorzata’s) inclination to being

drawn to the so-called alternative ways of addressing issues of justice, sustainability and

wellness. To begin with, I have my family to thank. My parents, who were first generation

college degree earners, cultivated the values instilled in them by their humble peasant

beginnings. In addition, every school break, they shipped me off to live with my grandmother

on her small farm, in rural Poland. It was there I co-participated in what I now understand to be

a sustainable way of living. On my grandmother’s farm nothing went to waste: it was con-

sumed, reused or composted (needless to say, a garbage truck was an abstract concept). I

helped my grandmother to raise animals and grow produce. Much of what was harvested in

the summer got preserved and stored for the winter months. My grandmother bartered with

other villagers for goods she did not produce. She also knew how to prepare and use natural

remedies to cure simple afflictions. Her ‘‘medicine cabinet’’ contained tisanes, tinctures,

syrups, and balms she made out of organic ingredients all having specific medicinal qualities

with no apparent side effects. My grandmother’s knowledge did not come from studying

agriculture or pharmacy in a lecture hall; she only completed six grades of elementary

education. She possessed what Mike Mueller refers to as intergenerational knowledge, which

she inherited from her ancestors. Even though I did not recognize it at the time, that rich know-

how was being passed on to me. Reflecting back on life on the farm, I consider it a multi-

semester, lecture-less and textbook-free course in science with my grandmother acting as a

scientist and a healer even though she never got (or cared) to wear a lab coat. It was where and

how I learned to live in symbiosis with and respect for the natural world.
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While I enjoyed the ‘‘simple’’ bucolic summer life on my grandmother’s farm, I failed

to categorize as knowledge what I was learning there. Back then, my ‘‘modernity’’-driven

epistemological stance equated legitimate knowledge with formal schooling. Axiologically

speaking, of value was knowledge originating from academic texts and experts and sup-

ported by scientific evidence. A young, ambitious woman situated in a communist country,

I was convinced that assuming a reason-based ontology was a marker of having attained a

status of a respect-worthy educated person. It was not until years later that I realized how

little of what I was taught in schools (often through rote learning) had any relevance or

application to my life. (In that sense, students like those at Concord High (Finley and

Barton 2013) or schools in Newark (Fellner 2014) are better informed than I was at their

age.) It turned out that much of what I needed to know was not part of any official

curricula. Accordingly, I spent years of my adulthood leading what I now recognize to be a

frequently mindless life. Just like Ola in our study back in my home country, I lived my life

with the blinders on. I constantly worried about the future and beat myself up over the

smallest of failures. Like some students in Gangji’s class, I allowed myself to be consumed

by emotions and thoughts unable to get unstuck thus ‘‘scoring’’ quite low on the resilience

dimension of my emotional style. No one taught me that simple breathing exercises could

assist with reining in my emotions, taming my monkey mind, and providing a much-

needed relief. Through my dualistically trained ontology, unaware of the power of the

mind–body connection, I subjected myself to long periods of unnecessary stress that left

me sleep-deprived and physically | mentally exhausted. I was unable to recognize that my

emotions were making me sick and unaware that it was within my own power to help

myself. I lived in the grip of unawareness. Finally, when faced with Western medicine’s

helplessness against an autoimmune disorder I developed, I turned to the ‘‘alternative.’’ I

attribute freeing myself from the debilitating symptoms of my affliction to undergoing an

intense therapy based in the Eastern healing tradition.

Quite unexpectedly (for I am back in the formal academic setting), it is the experience

in the final stages of the doctoral program that has afforded my building bridges between

what many still view as irreconcilable knowledge systems. I had a good fortune to get

involved in research on emotions and Mindfulness in Education conducted by the co-

authors of this manuscript. What I am learning (and am on a mission to share with others)

is that mindfulness appears to be an example of a long-standing Eastern tradition (the

‘‘alternative’’) earning its legitimized status through evidence provided by modern science

(the ‘‘mainstream’’). Accordingly, I agree with the contributors to this Special Issue that it

is time to expand our understanding of what science is, what it does, who does it, and to

what ends it is appropriated. Giving up on the destructive dualistic habits of mind might be

a fairly suitable way to start this journey. We, the co-authors of this manuscript, suggest

embracing a dialectic (or multilectic: see Fellner 2014) way of thinking where ideas like

mind | body, animate | inanimate, human | non-human, local | global, individual | collective,

alternative | mainstream do not compete but coexist one necessarily presupposing the other

(the vertical line | represents the dialectic relationship between concepts). But there is

more. Through the collaborative work with Tobin, I learned that doing research (science) is

loaded with ethical responsibilities since, in one of Gangji’s student’s words, ‘‘we are put

on this Earth to do our best and not our worst.’’ That is why we practice authentic inquiry

where our participants have an opportunity to learn from knowledge that emerges. Faced

with what we refer to as grand challenges, we imagine that science education could

contribute to the development of process skills allowing people to understand and take

charge of how their (and others’) ways of conducting social life mediate their wellbeing

and the wellbeing of their immediate animate | inanimate environment. Conceived in this
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manner, scientific literacy promises to spare us from, as noted by Pierce (2013) in this

issue, being ‘‘at the mercy of experts and corporate stakeholders for defining the terms in

which people heal, feed and educate themselves.’’

Improving the quality of life

We consider wellness as a high priority item for inclusion in science education curricula.

That there are many reasons and evidence for concern regarding our health is documented

in the 2013 report issued under a telling title by the National Research Council and

Institute of Medicine (NRC/IOM). The report reveals that relative to those living in other

‘‘economically advanced, high income countries’’ Americans live ‘‘Shorter Lives’’ and are

in ‘‘Poorer Health.’’ This ‘‘health disadvantage’’ (as the authors refer to the phenomenon)

exists despite the United States’ ‘‘enormous level of per capita spending on health care,

which far exceeds that of any other country’’ (NRC/IOM 2013, p. 4). The report identifies

complex factors (e.g., health systems, individual behaviors, social and environmental

influences) contributing to the American health disadvantage which are shaped by public

and private sector policies that we recognize as being driven by the plutocratic interests

and neoliberal agendas (in other words, by what in this country is considered mainstream).

Notwithstanding some of the underlying purposes behind the report that clearly are mis-

aligned with our axiological stance, one of the recommended actions by its authors is to

‘‘alert the public’’ to their troublesome findings. Put differently, raising awareness about

what makes us sick and why it does so is considered an essential action towards changing

the alarming status quo. It is our contention that heuristics may serve as an effective

vehicle for bringing into focus wellness-promoting practices such as mindfulness. Schools

appear to be an ideal environment for conducting the heuristic-based preventive work

since, as stated in the NRC/IOM report:

[t]he seeds of illness that strike older adults are often planted before age 25, a period

when adverse social and environmental exposures and the establishment of unhealthy

behaviors and risk factors can lead to life-long consequences. (p. 9)

Thanks to their inherent malleability (the shape shifting quality), heuristics may be easily

adapted and used towards raising awareness about other areas of concern within the

category of grand challenges. For example, since it may be impractical/impossible to

provide students like those sitting in Gangji’s classroom with the hands-on experiences

similar to those I had on my grandmother’s farm, heuristics may carry meanings associated

with promotion of sustainable ways of living. Likewise, they may tap into topics like

healthy eating habits, alternative ways of healing, etc. By offering a heuristics-grounded

approach, we join the contributors to this Special Issue in advocating a shift away from the

traditional framing of science teaching | learning and towards inclusion of the

‘‘alternatives’’ through embracing heteroglossia with its emphasis on multiplicity,

openness and democracy.
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Abstract This article uses actor network theory (ANT) to develop a more appropriate

model of scientific literacy for students, teachers, and citizens in a society increasingly

populated with biotechnological and bioscientific nonhumans. In so doing, I take the recent

debate surrounding the first genetically engineered animal food product under review by

the FDA, AquaBounty Technologies’ AquAdvantage� salmon, as a vehicle for exploring

the ways in which the biosciences have fundamentally altered the boundary between nature

and culture and thus the way the public understands both. In response to the new challenges

of a postgenomic society, I outline three frameworks for using ANT literacies in classroom

settings. Each frame, I argue, is foundational to the development of a scientific literacy that

can trace and map actors involved in controversies such as the AquAdvantage� salmon. In

examining these frames I follow the actor of a salmon through an environmental history

lens, the technoscientific literacy operating in AquaBounty’s FDA application and the

National Academies new science education framework, and finally to a model of

democracy rooted in an ethic of the common. The ultimate claim of this article is that until

science education (and education in general) can begin to include nonhumans such as the

AquAdvantage� salmon as part of a common political framework, students, educators, and

community members will continue to be at the mercy of experts and corporate stakeholders

for defining the terms in which people heal, feed, and educate themselves now and in the

future.
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Our mission is to play a significant part in the ‘‘Blue Revolution’’—bringing together biological sciences

and molecular technology to enable an aquaculture industry capable of large scale, efficient, and

environmentally sustainable production of high quality seafood. Increased growth rates, enhanced

resistance to disease, better food conversion rates, manageable breeding cycles, and more efficient use of

aquatic production systems are all important components of sustainable aquaculture industry of the future.

AquaBounty Technologies Inc.

If you talk to the Animals, they will talk with you. And you will know each other. If you do not talk to them,

you will not know them. And what you do not know you will fear, what one fears one destroys.

Chief Dan George

Finding genome: lost in a sea of transgenic creatures

In a 2010 public meeting held by the Food and Drug Administration (FDA), citizens and

political organizations were given a chance to voice their concerns about AquaBounty

Technologies’ ‘‘new animal product’’ application for the first genetically engineered (GE)

animal created for human consumption. Not surprisingly, a familiar controversy that first

began with Dolly’s appearance in 1996 once again found its way into the headlines. What’s

notable about this recent GE food debate, however, is the growing sense of public help-

lessness in the face of creatures like the AquAdvantage� salmon that new types of sci-

entific activity have called into social existence. While much of the controversy has

centered on the question of whether or not GE salmon should require a food label to

disclose its Promethean origin and how to ensure its isolation from wild species of salmon,

there has been no work that looks at the educational implications of such a remarkable

event. What is at stake in AquaBounty Technologies’ FDA application (while AquaBo-

unty’s application is still under review by the FDA in December of 2012 it was ruled that

the AquAdvantage� salmon does not represent any significant environmental risk, moving

it one step closer to its legalization), in other words, is not only the question of knowing

whether a food item was made by nature or in the laboratory, it also represents an

important epistemological crisis of Western modern science that is replicated in the way

science is taught and learned (Pollack 2012). Specifically, science education continues to

rely on a modern understanding of science that separates nature from culture which, in

turn, leaves individuals and communities unequipped to deal with this question: who and

what can be a part of democratic life if the question of life itself has been confused in

science’s ability to reconfigure nature (wild salmon) through culture (genetic science)?

AquaBounty’s claims about their GE fish, ones that are also built into the quickly

expanding bioindustries writ large, reflect a politics of science that is the point of departure

I take for examining how science education (and education in general) is deeply failing

society in what science and technology study theorists have termed the postgenomic era.

Postgenomic, according to science and technology theorists Sarah Franklin and Margaret

Lock (2003) is a term derived from ‘‘the hype surrounding the project to map the human

genome [which] has already give[n] way to a new phase of enthusiasm for what has

become known as postgenomics. It includes the new science of proteomics, in which an

overriding interest in the gene has largely been superseded by interest in complex models

of protein and cellular interactions. In connection with developments such as cloning, and

in the emergent science of tissue engineering, the cell has reemerged as a central unit of

action, temporally and spatially as well as functionally’’ (p. 13). What Franklin and Lock

as well as other science and technology theorists are pointing to is a massive shift in what
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biological material is now available to market forces through advances in technoscience in

areas such as biotechnology.

In such a ‘‘postgenomic’’ terrain educators, students and communities are facing an

increasingly important problem this essay addresses: the fact that science education is

failing to prepare students, teachers, and citizens for social-ecological settings where the

boundaries between ‘‘nature,’’ human imitations of nature, and humans have collapsed

completely. As the lines of nature and culture are becoming less distinguishable through

the ability of technoscience to produce human/nonhuman hybrids, this essay proposes an

epistemological standpoint that is capable of tracing and understanding the political agency

of things such as GE fish and genetic scientists, and aquafarming corporations. Such a

move is particularly important given that education in the postgenomic era has failed to

recognize and respond to scientific practices that now involve the basic building blocks of

life in a whole new productive and consumptive system, one where aquafarming is just one

constituent part. At the center of this inquiry therefore is a very serious and unexplored

pedagogical question that the recent debate on GE salmon and the proposed regulation of

how GE food in general will be sold and consumed perfectly reflects the confusing and

complex social and political milieu students, teachers, and communities now must nego-

tiate their social lives. It is a social context where what we eat, how we heal ourselves,

reproduce, and learn have fundamentally been altered.

Developing an alternative scientific literacy appropriate for postgenomic society,

however, is doubly difficult given that standard approaches to teaching and learning sci-

ence utilize an epistemological framework that separates the cultural world from the

natural. That is, one of modern science’s distinguishing features is its epistemological

allegiance to matters of the natural world and claims of purity from the sociocultural. The

work of modern science, in other words, has been understood since modernity as taking

place in the objective and knowable universe out there as opposed to the messy human

world that is cluttered with things like values, morality, and above all else politics. What

the debate surrounding wild salmon and its Frankenstein twin AquAdvantage� salmon

reflects is precisely how the Western modern model of science breaks down and is utterly

inadequate for building a responsible politics of science and technology within educational

settings today. Needed in its place, and what I outline in the following sections, is an

epistemological model for teaching and learning science that is actually capable of cap-

turing the complex series of actors and institutions that are involved in the practice of

science in society. To put it another way, scientific literacy needs to be radically rethought

in an age where the genes of an Ocean Pout (an eel fish) are spliced with those of a

Chinook (king) salmon, implanted in Atlantic salmon eggs, a corporation patents this

process and the new species of the fish itself, all while leaving the public’s only recourse to

understanding such a network of exchanges and relations to the mercy of research done by

the leading corporate stakeholder in the aquafarming industry and a governmental agency

(FDA) interested in expanding market growth into new frontiers of life. In such a context,

one of the most important educational challenges that we now face, I contend, is to develop

pedagogical responses to such a social arena comprising convoluted sets of relations that

can only begin to be understood through the development of a scientific literacy actually

capable of critically tracing and making sense of such circuitous routes of ‘‘science in

action.’’

To date there has been almost no work done on developing a model of scientific literacy

that is capable of dealing with the imploding human/nonhuman boundary that has occurred

after the human genomic code was deciphered 10 years ago. In fact, in looking at the

current trends in science education policy and curriculum the dominant trend is the polar
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opposite of what should be taking place in terms of preparing students, teachers and

communities with a more appropriate scientific literacy attuned to the postgenomic times in

which we now live. As I have argued elsewhere (Pierce 2012, 2013), perhaps the best

example of a dominant trend in scientific literacy is the one promoted by the National

Academy of Sciences’ Rising above the Gathering Storm: Energizing and Employing

America for a Brighter Economic Future (RAGS). In the most comprehensive science

education policy recommendation publication since the Sputnik era’s National Defense and

Education Act, the type of scientific literacy being called for in this highly influential

document is directly related to the burgeoning biomedical and bioscience industries need

for a steady supply of capable knowledge workers. As a strategic plan RAGS targets

curriculum design, teacher training programs, the recruitment of a greater number of

undergraduates into the STEM fields through financial incentives attached to teaching

service, and the deregulation of international visa policy for science and engineering

students from other nations across the globe. The movement to increase bioscientific

production through education represents (which is also backed by the Obama adminis-

trations’ marquee education legislation Race to the Top) a push to shape scientific literacy

as a tool for powerful industries and global economic competition. Instead of the devel-

opment of a capable literacy for citizens who find themselves in a maze of ecological and

social problems without a map, neo-Sputnik models of scientific literacy only make the

problem more confused and further invested in neoliberal projects of market competition

and expansion.

Alternative pedagogical strategies in the field of science education and sustainability

education have begun to draw connections between science and society in meaningful

ways. For example, indigenous scholars such as Gregory Cajete (1999), Oscar Kawagely

(1998), and others have developed approaches to science education from traditional eco-

logical knowledge (TEK) worldviews (Snively and Corsiglia 2000). The TEK science

education tradition has long recognized that science education based in a Western modern

scientific epistemology fails to develop a social ecosystems view since it does not situate

human science within place-based socio-ecological contexts. In this sense, TEK science

educators argue that Western modern science advance imperial ways of knowing and

teaching since they are built on an epistemological foundation that abstracts nature from

human cultures within their ecosystems. The fields of critical place-based education and

ecopedagogy have similarly argued for the development of ecoliteracies capable of

responding to planetary and local ecological crises associated with the manic growth of

global capitalism. For example, scholars and educators such as David Gruenewald (2002,

2003) and Richard Kahn (2010) have developed in their respective work pedagogical

frameworks rooted in ways of being and knowing that reject neoliberal global demands on

ecosystems and communities—in effect offering counter educational approaches to stan-

dard practices that perpetuate an extractive and domination ethic with the natural world.

Other science educators and theorists have looked at ways to integrate science and

technology studies (STS) approaches and socioscientific issues (SI) into science education

contexts in an effort to broaden the meaning and scope of scientific literacy (Zeidler,

Sadler, Simmons, and Howes 2005). As Erminia Pedretti and Joanne Nazir (2011) put it in

their survey of the history of STS work in science education ‘‘at the macro level…STSE

education situates science in rich and complex tapestry—drawing from politics, history,

ethics and philosophy. It presents an opportunity to learn, view, and analyze science in a

broader context, while recognizing the diversity of needs of students and class-

rooms…STSE, in its many forms and currents, brings relevancy, interest, and real-world

connections to the science classroom’’ (p. 618). One of the few places in the critical science
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literacy literature where a push to ‘‘analyze science in a broader context’’ around issues

such as genetic engineering has taken place is in work bridging ecojustice science edu-

cation perspectives with socioscientific issues (Mueller and Zeidler 2010; Rowe 2010).

Here, for example, Michael Mueller and Dana Zeidler (2010) have suggested that some-

thing like the genetically engineered pet GloFish can become a starting point for devel-

oping an ecojustice ethical framework in science classrooms where ‘‘…SSI [socioscientific

issues] serves as a vehicle for reasoning about scientific issues where ethics plays a major

role in considering choices for action (Mueller 2009)’’ (p. 119).

While the articulation of scientific literacy in the work of these theorists and educators is

productive and much needed, none have utilized actor network theory (ANT) to approach

the problem of how to untangle the networks of actors that do not neatly stay within the

confines of either nature (the domain of science) or culture (the domain of humans and

their politics) in postgenomic society—a task I take up in the following through the eyes of

salmon and the path of an ANT.

This essay applies ANT as a way to map the life of salmon and demonstrate its

pedagogical uses for developing an alternative scientific literacy in both science education

and social studies contexts. The first frame of the actor network map of salmon I develop

through an engagement with the field of environmental history. Here I argue that part of

preparing students and citizens for postgenomic politics is to cultivate actor network

understandings of the historical relations that have taken place between humans and

nonhumans (the natural world in modern terms) in the industrial and colonial model of

development. More specifically, part of developing a more appropriate scientific literacy

for the postgenomic era is to understand how science and technology have shaped our

understandings of human and nonhuman relations in a way that blinds us to alternatives

that already existed (and that are still practiced today) on this continent before colonial

expansion and the establishment of nature/culture relations largely determined by the

extractive industries, such as timber, mineral, water management, and commercial fishing.

The second line of investigation I use to flesh out ANT’s pedagogical potential is an

analysis of how our understanding of salmon has been reconfigured through technosci-

entific practices and discourses that treat nonhumans as discernable and researchable

entities of nature and thus something only to be understood through science. In this section

I make the claim that in order for fish, humans, and genes to be involved in a democratic

relationship, the way science constructs a nonhuman such as the AquAdvantage� salmon,

which is both a GE food product and a public entity, needs to be critically reinterpreted

through ANT. In so doing I argue that what is needed is a model of scientific literacy that

can highlight and trace technoscientific practices, skills, and literacies in society that have

been absorbed into the National Academies’ latest science education standards framework

especially in moment when scientific literacy is largely being driven by biocapitalist

interests that normalize practices for privatizing genetic material. The final frame I develop

brings together the previous two and adds a third to construct a pedagogical example of

how ANT can be applied in educational settings to help cultivate a viable political

framework for education in postgenomic society based on an ethic of the common. Here, I

build upon my own work in 7th and 8th grade science education settings by using the actor

of salmon to help demonstrate the practice of creating actor network maps, a pedagogical

practice that works toward rethinking the foundations of democratic education from the

standpoint of human and nonhuman relations.

Before I proceed into my construction of frames for rethinking the pedagogical role of

salmon as an example of how to think like an ANT, it first needs to be made clear exactly

what ANT is and why it provides a useful perspective for the question under investigation
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in this essay: namely, how does education respond to a political terrain where a human-

made fish swims between nature and culture but is only treated as an object to be neatly

fitted into its growing pen enclosure and the fish counter at the supermarket?

The world of ANTs

The objectification of nature taught through the epistemological mode of modern science,

as Bruno Latour (1993) has argued throughout his work to develop ANT, perpetuates a

relation with the natural world that denies the sociality of objects and their role in the

discourse and practice of science:

Yet the human, as we now understand, cannot be grasped and saved unless that other

part of itself, the share of things, is restored to it. So long as humanism is constructed

through contrast with the object that has been abandoned to epistemology, neither the

human nor the nonhuman can be understood. (p. 136)

As Latour has deftly pointed out, the object of modern science’s gaze has ceased to be a

silent feature in the social and political terrain. According to him, ‘‘networks’’ of science

and technology create both ‘‘human’’ and ‘‘nonhuman’’ agents in a collective that is

mediated through political discourse and practice, on the one hand, and scientific discourse

and practice, on the other, with each protected through its exclusion of the other.

Shaping Latour’s (2005) work is what has come to be known as ANT, a perspective co-

developed with fellow science and technology theorists John Law and Michel Callon. For

them ‘‘the origin of this approach can be found in the need for a new social theory adjusted

to science and technology studies’’ (p. 10). One of the central contentions driving ANT for

Latour, Law, and Callon (2005), thus, is the need to develop a social theory that can trace

and give more accurate accounts of the associations between objects, humans, and political

arrangements:

ANT claims that we should simply not believe the questions of the connections

among heterogeneous actors to be closed, that what is usually meant by ‘‘social’’ has

probably to do with the reassembling of new types of actors. ANT states that if we

wish to be a bit more realistic about social ties than ‘‘reasonable’’ sociologists, then

we have to accept that the continuity of any course of action will rarely consist of

human-to-human connections (for which the basic social skills would be enough

anyway) or of object-object connections, but will probably zigzag from one to the

other (p. 75).

The formulation of a sociology of science and technology, for Latour, requires an

epistemological rethinking of how both political philosophy and philosophy of science

have traditionally treated the problems of reality, certainty, truth, and political agency. As

the nexus of focus for these two modern fields, each discourse has seemingly separately

perpetuated modes of inquiry and political organizations that obscure the reality that they

actually codetermine each other.

The most important aspect of Latour’s work that I want to emphasize here is his

examination of the epistemological disconnect that has its origins in two disciplines of

knowledge production in society: sociopolitical theory and scientific theory. The socio-

political concentrates on the affairs of the state and its citizens while science deals

exclusively with the objects in its self-designated domain of nature—thus both realms miss

the articulation and mutual influence of science, objects, and the natural world. This is
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another important insight that Latour (1993) develops in his critique of modern science:

that the dual dichotomies erected between human and nonhuman culture produce a false

separation between nature and object and human activity. The first dichotomy is consti-

tuted through the work of ‘‘purification,’’ which ‘‘creates two entirely distinct ontological

zones: that of human beings on the one hand; and that of nonhumans on the other.’’ The

second dichotomy is constructed through ‘‘translation’’ (or mediation), which ‘‘creates

mixtures between entirely new types of beings, hybrids of nature and culture’’ (p. 10). The

concepts of translation and purification are important to draw out here, as they reveal how

humans and science coproduce social experiences and specifically how current notions of

scientific literacy fail to equip individuals with an adequate tool for political life in the

postgenomic era.

Translation and purification represent for Latour how, epistemologically, modern sci-

ence simultaneously adopts an ontological distinction between objects and humans while

proliferating hybrid network relations made up of culture, nature, technology, and the

specialized discourse that is produced through these encounters. Purification is the practice

of sharply distinguishing objects in the world, asocial in nature, from the observer who is

situated within the social and cultural world. The practice of purification also takes place

above the horizontal line that separates it from translation (or mediation). In the zone

beneath, the work of translation is exhibited through hybrid networks constituted of both

human and nonhuman actors; these are involved in a process of mutual agency that

codetermines social environments and ways of communicating through networks of

standardized practices. The laboratory, as a producer of hybrid networks, exemplifies this

exchange between humans and nonhumans: ‘‘We live in communities whose social bond

comes from objects fabricated in laboratories; ideas have been replaced by practices,

apodeictic reasoning by controlled doxa, and universal agreement by groups of colleagues’’

(p. 21). The contradictions programmed into this process perpetuate an antidemocratic

relation between science and society that stems from the modern epistemological frame-

work of science: we approach science with a lens that was forged through the under-

standing of the natural world as an other, but we can only do science in society if the other

becomes a part of the culture of science. Once nature or the object has become a part of

Western modern science, it gains agency and determinative qualities in culture—that is,

objects are not voiceless since they help determine how science explains and interprets the

world. So long as this aspect of modern science is misrecognized, science education and,

by extension, scientific literacy will continue to utilize an anti- democratic epistemological

modality.

In the following sections, I attempt to untangle how purification and translation operate

as separate activities in the way science is taught and learned by applying actor network to

the nonhumans of Pacific salmon (Oncorhynchus) and its GE offspring, the AquAdvan-

tage� salmon. The lines of flight that comprise the actor network of the Pacific salmon and

AquAdvantage� salmon that I develop below by no means exhaust the entirety of actors

involved in the story of the fish and the humans it convenes with. Rather, I am utilizing

three frameworks that bridge the cultural and natural or rather disrupt the act of purification

and amplify translation to tell the story of Oncorhynchus and its GE relative as a way to

model how ANT can be used in educational settings and specifically for developing a more

adequate scientific literacy for the postgenomic era. As the most well known anadromous

fish, one that begins and ends its life in fresh water but grows to maturity in the ocean,

Pacific salmon are truly a unique actor in which to chart an actor network. Much in the

same way that they can pass between a vast saline world to a multitude of urban and rural

fresh water veins and arteries, Pacific salmon perfectly embody network life. The
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ecological devastation of deforestation, practices and suburban overdevelopment that

destroy stream and river spawning beds, the threat of genetically engineered hybrid species

to wild salmon gene pools, and the catastrophic effects of aquafarming on young wild

salmon fry that are a result of sea lice explosions in migratory salmon zones, all represent a

context in which the human and nonhuman have become inextricably a part of one

another’s lives. It is this world that we must dive into and see how separating the natural

from the cultural is not only an impossible feat today, but also one that makes very little

sense when looking through the eyes of salmon.

First tributary: understanding human and nonhuman relations through
environmental history

The field of environmental history is a relatively young one. Alfred Crosby’s The

Columbian Exchange: Biological and Cultural Consequences of 1492 (1973) and his later

Ecological Imperialism (1986) are foundational texts that mark the inception of the field.

Marking the academic discipline’s birth was the establishment of The American Society

for Environmental History created in 1977 and the journals Environmental Review and

Environmental History Review which published their first issues in 1976 and 1990,

respectively. More recently, however, William Cronon has pushed environmental history

in new and highly productive directions. In his seminal Nature’s Metropolis: Chicago and

the Great West (1991) Cronon reveals in intricate detail the transformation of the upper

Midwest prairie ecosystem into the greatest industrial city on the edge of the vast Western

frontier of the United States. Here Cronon’s focus, as opposed to traditional approaches

taken in histories of place that center on great figures, momentous events, or defining

battles, rests on the interaction between humans and nonhumans that both fed city growth

and the machines that helped bring the nineteenth century metropolis into being. What

unfolds in Cronon’s history of Chicago and the great prairie grass lands of the West is an

expansive network of interactions between industry, railroads, canal systems, meat packing

and grazing, lumber extraction, city building, and native removal and white settling that

tells the story of how such an assemblage produced a great upheaval and violence to the

land and its original inhabitants. Yet at the heart of Cronon’s (1991) analysis is a highly

original method for interpreting both history and the co-constructive role humans and

nonhumans play in its making:

The urban-rural, human-natural dichotomy blinds us to the deeper unity beneath our

own divided perceptions. If we concentrate our attention solely on the city, seeing in

it the ultimate symbol of ‘‘man’s’’ conquest of ‘‘nature,’’ we miss the extent to which

the city’s inhabitants continue to rely as much on the nonhuman world as they do on

each other. We loose sight of the men and women whose many lives and relation-

ships—in the city or the country, in factory of field, in workshop or countinghouse—

cannot express themselves in so simple an image as singular man conquering sin-

gular nature (p. 18).

The implications of such a reworking of historical interpretation or rather an opening up

to the nonhuman as an historical actor are indeed a radical shift from traditional historical

narratives of the West. However, it is perhaps in Cronon’s controversial essay a few years

after Nature’s Metropolis that such a method of rereading history from the vantage point of

human/nonhuman relations came into full bloom. In his essay ‘‘The Trouble with Wil-

derness; or, Getting Back to the Wrong Nature’’ Cronon (1995) expands his thesis of
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viewing history as an assemblage of human values, natural objects and features, and

industry by arguing for the jettisoning of the sacrosanct idea of wilderness that seems to be

so deeply entwined with the myth of American progress and the ethic of human domination

over nature that fuels it. For Cronon, the idea of wilderness in US culture and history has

largely represented a place of redemption and renewal. It is the place understood to be

beyond the city, town, or frontier where one can find and start a new life, stake claim to

‘‘uninhabited land’’, or seek religious solace in the sublime glow of nature (Cronon 1995).

In short, wilderness according to Cronon (1995) has long held a transcendental place in the

cultural imagination of the United States. However, such a view of wilderness also allows

for the normalization of cultural perspectives that omit the fact of how ‘‘the removal of

Indians to create an ‘uninhabited wilderness’—uninhabited as never before in the human

history of the place—reminds us just how invented, just how constructed, the American

wilderness really is…Indeed, one of the most striking proofs of the cultural invention of

wilderness is its thoroughgoing erasure of the history from which it sprang’’ (p. 79).

In troubling normative understandings of nature such as the concept of wilderness,

Cronon and the field of environmental history generally open up an entirely new way of

understanding the relationship between the human and nonhuman and particularly the ways

in which both are involved in constructing social and cultural spaces. From the perspective

of the salmon, the dissolution of the dichotomies between wilderness/civilization and

human/nonhuman that the field of environmental history has put at the center of its project

becomes even clearer. The history of the fish itself is a history of a false wilderness ethic

that assumes an unending supply of silver-finned creatures while also perpetuating a

blindness to the way an industrial land ethic impacts fish as well as the management

practices of the peoples who originally lived with salmon in a sustainable relationship for

eons. Pacific salmon, in other words, are deeply representative of a pathology that still very

much lives today in the way individuals, corporations, governmental policies, and edu-

cational curriculum (especially science education) regard nature. One of the consequences

of such a view of nature as outside cultural and social settings is an epistemological

perspective that privileges scientific and technocratic solutions to crises that are a product

of this very same bifurcating model. The use of fire to fight fire, in other words, has been

the reaction to the decline of the Pacific salmon as well as other untold casualties of the

nonhuman world.

As environmental historian Joseph Taylor has pointed out, one of the best ways to

understand the plight of the Pacific salmon is to compare the industrial and technoscientific

approach to fisheries that white colonization brought West to that of the aboriginal fisheries

that existed for centuries prior in the Oregon country. However this look back, as Taylor

warns, is not a return to a mythical Eden, a place where American Indians are romanticized

as a monolithic group who lived in perfect harmony and balance with nature as depicted in

many modern literary accounts, media and cultural representations (the crying American

Indian image from the 1970s anti-littering public service announcement), or even iconic

images used to sell ‘‘wild’’ places to white settlers and tourists (Thrush 2007). What Taylor

(1999) does suggest is that ‘‘the aboriginal salmon fishery provides a useful lens for

analyzing the intersection of economy, culture, and nature in the fisheries because Indians

did influence salmon populations’’ (p. 13). Moreover it is particularly important to look at

the history of the environmental relations between salmon and the diverse indigenous

peoples of the Oregon country because ‘‘the scale of the aboriginal fishery and the Indians’

dependence on salmon posed a significant threat to runs, yet Oregon’s rivers still teemed

with salmon while whites arrived. How did this happen’’ (p. 14)? What needs to be

understood, in other words, and what environmental histories such as Taylor’s as well as
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Daniel Boxberger’s (1989) excellent socio-ethnographic on the Lummi tribe’s relation to

salmon can help elucidate, is an alternative model of management that once made up (and

are still practiced) the network of relations between humans and nonhumans in the world of

salmon. Such models of land and water management offer a real and practical guide to a

sustainable scientific literacy, one that could come from what indigenous scholars such as

Winona LaDuke (2002b), Gregory Cajete (1999), and Oscar Kawagley (1998) have called

traditional ecological knowledge (TEK) or ethnoscience.

Environmental history thus also helps point to existing alternative technologies and land

ethics that can be looked to for developing alternative scientific literacies. For instance, the

different technologies American Indian groups use (and used on a wider scale pre-contact)

to harvest fish such as seines (nets suspended by floats and weighted at the bottom usually

in shallow, calmer water of a river or an estuary), dip netting at sections of water where

falls or rocks forms natural fishing holes, or the weir technique that consists of a fence and

lattice system that creates a permeable gate across the river are all fishing methods and

tools that point to more sustainable and healthy relations with nonhumans. Given the non-

industrial design and ethic associated with these fishing technologies, many American

Indian groups had great success (and still do with gill nets, e.g. among other methods) with

such tools while not depleting salmon numbers in any significant way (Boxberger 1989;

LaDuke 2002a). Again buried by technocratic approaches associated with the ethic to

dominate and extract value from nature that whites brought West, as Taylor’s environ-

mental history of salmon draws out, are real and existing fishing technologies that are more

in balance and scale with their local ecology.

What Taylor’s environmental history of the Pacific salmon brings to the foreground is

thus a tension between two cultural frameworks for understanding and interacting with

nonhumans. It is on this point that environmental history provides an indispensible place

from which to link ANT research and the development of a more appropriate scientific

literacy. The reason environmental history can serve this function has to do with the fact

that one of its primary strengths is the tracing of relational histories between humans and

nonhumans (both natural and human made). The creation of a pedagogical bridge between

traditional Western modern approaches to science education and alternative epistemologies

(and ontologies) with nature, such as the one Taylor points to in his history of the Pacific

salmon crisis, is a particularly important project since nature is positioned in these histories

as an actor and not an object to be defined and understood solely through science. In this

sense, from an environmental history lens two cultural systems of land and water man-

agement are cast into relief and lend themselves to comparative analysis, which also opens

to a new way of thinking about nonhumans that modern science alone rejects. Also, in

creating such a juxtaposition, what also becomes apparent are different ethical groundings

for a politics of nature. From a comparative standpoint, germs and technologies of control

and management that accompanied the increasing Anglicization of the Oregon country are

highlighted as key actors in the environmental history of the Pacific salmon’s riparian

biome—ones that cleared the way for a technocratic and exploitative ethic to establish

relations between humans and nonhumans in the conquering of the West by whites. That is,

smallpox, measles, dams, land and water treaties, legal treaties and statutes, and tuber-

culosis could arguably be seen as the most important actors in the conquest of Western

lands by European peoples and thus must be taken into account when considering the

history of salmon and the other nonhumans involved in their fate (Wilkinson 2000).

From the opened field of vision, environmental history brings into view a vast array of

actors that have helped populate the history of human contact with Pacific salmon, con-

stituting a more accurate picture of its political terrain. Thus in examining how
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‘‘dependence on salmon yielded forms of respect for the fish that sustained life, and respect

shaped human actions that retarded consumption’’ and how ‘‘Indian culture and economy

produced a sustainable tension between society and nature’’ a political framework in which

humans (indigenous peoples of the Oregon country) and nonhumans (salmon) exist in a

reciprocal and co-constructive manner can emerge (Taylor 1999, p. 14). This framework

opens up a pedagogical space in which to rethink scientific literacy from the standpoint of

the nonhuman. Herein lies the strength of ANT working through the lens of environmental

history: in focusing on the relations and associations between land, water, fish, technology,

knowledge systems, and different cultural ethics with nonhumans an epistemic landscape is

opened up that is both more accurate and more educative for developing a viable and

sustainable politics that reflects the way science and technology have been blurring the

boundaries between culture and nature, human and nonhuman for some time now.

Second tributary: the scientific making of salmon

As our salmon has moved upstream a bit further, making its way through the currents and

sand bars made visible through the perspective of environmental history, it is now time to

follow the fish into the laboratory, courtroom, and classroom. If the previous section’s aim

was to show how environmental history can be a useful tool for developing a scientific

literacy informed by ANT, then here the focus is on the anatomy of salmon as it is

constructed through AquaBounty’s FDA application that lays out its ‘‘product definition’’

for the GE animal it is seeking to patent and sell. Put another way, here the focus is not on

the past life of salmon, but rather its public life articulated through the only acceptable

mouthpiece for nature: scientific experts. Yet, as I argue in this section, what can also be

seen in this litigious and scientific stretch of the river is a distinct model of scientific

literacy that science education policy is increasingly embodying in the high-stakes,

globally competitive bioscientific and biotech-driven economy. In looking at the new

science education standards just released by the National Academies, the symmetry that

has developed between the type of science it takes to produce the AquAdantage� salmon

and the new standards framework is remarkable. In the National Academies’ conceptual

streamlining of STEM education, a central focus of the recent science education standards

overhaul, laying the groundwork for biotechnological and bioscientific scientific literacy is

clearly one of its primary goals. The connection I want to illuminate in this section is

between the mode of scientific literacy needed to produce the AquAdvantage� salmon or

any new commodity in the mushrooming biofarming industries and science education

classrooms. In particular, a type of scientific literacy that is geared toward manipulating

and commodifying forms of life and one that leads to a public understanding of science

largely detached from scientific and legal decisions that release biotechnological forms of

life into public life. It is this reflexive relationship between the scientific literacy under-

pinning the production of nonhumans such as the AquAdvantage� salmon, and science

education that must be focused on while keeping one of ANT’s strongest qualities in view:

an understanding of how science involves nature in its social activity yet denies it any

status other than nature, a decidedly apolitical designation.

As Taylor’s environmental history of the crisis in Pacific salmon fisheries accentuated,

science has been intervening in the life of salmon since the mid-nineteenth century in the

United States. From the context of the Atlantic salmon fisheries crisis on the East coast, the

science of fish reproduction in hatcheries was developed in the nineteenth century as a

rational response to the problems of overfishing and destruction of fish habitat from
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processes of industrialization. Many species of fish that once flourished in streams, rivers,

lakes and the Atlantic Ocean, it could be argued, were both a symptom and a pathology of

the industrialization of the United States: a symptom in that their life became entangled

with industrial relations and a pathology because their ultimate fate rested in scientific and

technological responses to increasingly eviscerated ‘‘natural’’ conditions for life. One of

the most effective ways fish culture spread as a scientific panacea to the mounting fisheries

crises across the United States in the late nineteenth and twentieth centuries was through

institutional bodies such as the U.S. Fish Commission. Through such agencies ‘‘fish culture

became the preferred tool of management because it offered to produce an endless supply

of fish. Salmon hatcheries seemed to facilitate economic progress while alleviating

resource conflicts. It was no wonder that Americans embraced fish culture, but neither were

their choices timeless. Hatcheries were a logical product of a context. The logic was shaped

by particular perspectives on government, science, and nature’’ (Taylor 1999, p. 98). The

advent of fish culture as a way to manage a problem that comprised a much more complex

set of relations than the simple equation of too few fish for industrial consumptive pat-

terns ? technical/scientific fix = solution (more fish) represents the dominant societal

approach that continues to this day with other ecological and social problems (i.e. carbon

sequestration, clean coal, bioengineered food, etc.) that the GE salmon also perfectly

represents.

What is important to recognize in this analysis is how such a scientific literacy carries

with it a certain epistemological practice that normalizes students, teachers, and citizens to

the ways in which nature continues to be perceived as a fixable and extractable entity as

opposed to a network of actors already involved in the productive act of science and, by

extension, our social realities. In other words, what needs to be made clear is how hatchery

fish or AquAdvantage� salmon are part of a larger model of scientific literacy that fails to

take into account how wild salmon (and GE salmon for that matter) can also teach us

something other than a market-based urge to create more biological entities that resemble

salmon in the wake of collapsing wild populations. Rather, salmon can teach us that

nonhumans and the network of actors they are associated with (i.e. dams, fishing industry,

fish biologists, management policies, indigenous rights, etc.) need to be part of a viable

politics of the future so that more actors, besides AquaBounty investors, bioengineers, and

FDA policy makers, can be involved in making decisions about future relations between

humans and nonhuman actors such as salmon. I return to this democratic question in the

last section. But first it will be helpful to examine the connection between the science of

GE fish and the latest iteration of content standards for K-12 science education.

The FDA hearing that took place in September of 2010 had as its purpose to review the

‘‘risked based, scientific process for determining the safety and effectiveness of the

AquaAdvantage� salmon produced by AquaBounty Technologies Inc.’’ (Food and Drug

Administration Center for Veterinary Medicine [FDACVM] 2010). The life of our second

salmon, the AquAdvantage� salmon is one that is very much alive in this public perfor-

mance of science, and, as such, the FDA report is a vivid example of how science is

involved in much more than laboratory work. The aim here, therefore, is to determine how

the productive partnership between the biotechnological food industries, of which aqua-

farming is the fastest growing, and nature have created a fish that both symbolizes both the

future of the dinner table and the science education classroom.

The intensifying relationship between the laboratory and school should not come as a

surprise given that the AquAdvantage� salmon swims in a river that has gone in volume

from ‘‘1 million tonnes in the early 1950s’’ to ‘‘51.7 million tonnes and a value of $78.8

billion’’ in 2006 (AquaBounty Technologies 2010). In the wake of such a dramatic growth
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trend, AquaBounty’s 200-page document under review by the FDA for a ‘‘new animal drug

application’’ lays out in great detail the science behind its new finned invention as well as

the powerful industry interests that drive it. Moreover, in this public construction of the

AquAdvantage� salmon what is apparent is a model of scientific literacy that accurately

represents the co-constructive act of blending science and nature, human and nonhuman, a

relationship that biotechnological industries are built upon. What it also discloses is how a

hybrid entity is produced while simultaneously reinforcing the view that nature, even in a

reconfigured form such as the AquAdvantage� salmon, is still only explainable through the

act of purification, or making the fish unequivocally a thing of nature and thus only

accountable to the scrutiny of scientific experts, auqafarming investors, and pro-market

governmental agencies.

In drawing out the type of scientific literacy operating in AquaBounty’s FDA report one

of the most productive places to look is at one of the key claims the company and its

scientists are attempting to make: that the AquAdvantage� salmon is almost identical to

wild Atlantic salmon with the exception of the rDNA construct that AquaBounty scientists

created by combining Pacific salmon (the Chinook’s growth hormone gene) and Ocean

Pout (for its ‘‘transcriptional regulatory elements’’) gene segments. In a way this problem

for the aquafarming industry, its need to explain how its animal products are similar

enough to their natural counterpart so that they can be safely consumed and raised, is one

that directly reflects what biotechnological literacies produce as a form of scientific

practice: making objects that are seemingly recognizable and assessable through the lens of

technoscience and by the experts who wield its power.

Thus, what we see within the context of aquafarming’s productive framework is a mode of

scientific literacy that is both created and judged by its own criteria such as the ‘‘molecular

characterization of rDNA construct.’’ That is, the only way to evaluate the AquAdvantage�

salmon is through scientific discourses and practices that are self-referential to the very

productive apparatus from which they came. In working backward, however, from the sci-

entific standards mandated by the FDA, specifically evidence of the ‘‘molecular character-

ization’’ and ‘‘phenotypic characterization’’ of the new animal product, what emerges is a

scientific literacy driven by imperatives that seek to control, manage, and market life at the

molecular level. The following criteria established by the FDA for defining a ‘‘new animal

product’’ represent the terrain in which such a scientific literacy is working and demark the

level to which nonhuman and human life are now involved with one another in postgenomic

configurations of nature/culture. The criteria established by the FDA include a description of

the source(s) of the various functional components of the construct (the unique rDNA

sequence created by scientists), the sequence of the rDNA construct, the purpose of the

modification, details of how the rDNA construct was assembled, the intended function(s) of

the introduced DNA, and the purity of the preparation containing the rDNA construct prior to

introduction into recipient animals or cells (FDACVM 2010).

Embedded in the FDA’s scientific criteria for evaluating any ‘‘new animal product’’ is

the hidden story of how technoscientific literacy functions. This type of scientific literacy

can be distilled into at least three distinctive processes: (1) the ability to extract from

‘‘nature’’ genetic sequencing from two different species of fish (Chinook salmon and

Ocean Pout) and (2) a recombination of this genetic information into an rDNA construct

that can be injected into a third ‘‘natural’’ object, an Atlantic salmon egg, while (3)

producing an entirely new species of which proprietary rights are one of the primary

objectives. At work here is a distinctly technoscientific model of science, what science and

technology study theorists have identified as the foundation to laboratory and scientific

work in the postgenomic era.
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The term technoscience designates what Bruno Latour (1987) and Donna Haraway

(1997, 2008) among other science studies theorists have argued in their work is the con-

flation of knowledge production (formerly science) and technologies (formerly applied

science) into a more fluid, co-developmental model. Put another way, contemporary sci-

ence cannot be understood outside of the powerful technological tools that help bring

‘‘discoveries’’ into existence such as GE animal products into existence. For example,

without a computer and complex software programs the mapping of the human genome

could not have taken place. More precisely, it is such a co-constructive relationship

between technology and science that science studies theorists point to as the synergy

underlying knowledge-producing sites such as university/corporate biotech research part-

nerships, genetic start-up labs, or biopharmaceutical giants such as Merck. Calculating and

sorting endless series of gene data, in other words, are an impossible task without su-

percomputers and machines capable of identifying and separating microscopic genetic

material and the human beings trained to make sense of such data. It is the demands of

technoscientific forms of production, such as those created by AquaBounty Technologies,

that scientific literacy in our postgenomic society must be understood as coevolving with

the largest and fastest growing sectors of the economy such fields as biofarming, bio-

medicine, and the biosciences in general.

What technoscientific types of production require, as can be deduced from AquaBo-

unty’s FDA report, are scientific workers who are well educated in not only traditional

scientific methods but also in bioengineering, biochemical science, and mathematical

modeling. Furthermore, what we see when we look at the case of the AquAdvantage�

salmon is a model of science that is not on the horizon but a type that is already present and

quickly becoming the dominant paradigm informing how science is taught and learned in

society. In the example of the FDA report that perfectly embodies how technoscience

melds science, engineering, and mathematics in a prized commodity of the aquaculture

industry we can also look into the future of science education. The new science education

standards recently released by the National Research Counsel of the National Academies

has unmistakably seen this future and has responded accordingly. Here one of the larger

goals of the new standards framework is to create a way of teaching and learning where

‘‘[e]ngineering and technology are featured alongside the physical sciences, life sciences,

and earth and space sciences for two critical reasons: to reflect the importance of under-

standing the human-built world and to recognize the value of better integrating the teaching

and learning of science, engineering, and technology’’ (National Academies of Sciences

[NAS] 2012, p. 8). The new science education standards also stresses equal importance to

developing ‘‘a scientifically literate citizenry’’ along with the neo-Sputnik demand for a

greater human capital stock of STEM in the workforce (p. 298). While there is indeed a

competing vision within the new science education policy, I am suggesting that ultimately

the complete reworking of standards through a ‘‘crosscutting’’ approach to teaching and

learning the natural and life sciences, mathematics, and engineering reflects the degree to

which science literacy in the twenty-first century must meet the needs of key economic

industries such as AquaBounty Technologies that require technoscientific labor and a

public pedagogy of science that normalizes biotechnological commodities in consumer

markets.

The new science education standards cannot fully be understood therefore outside of the

political and economic context from which they were born, one where the educational

system in the United States is increasingly being viewed as seriously deficient in areas of

scientific and mathematical aptitude, which, in turn, signals an emergency in the knowl-

edge production pipeline for the fastest growing industrial sectors currently driving the
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future economy of the United States, the biosciences and biotechnology. Along these lines,

it is interesting to note that in the preliminary science education framework released to the

public in 2010 a direct reference to biotechnological and bioscientific industry has since

been omitted. In the earlier draft the authors made it a point to say that ‘‘[i]t is important to

note that though we make little explicit reference in the framework to biotechnology and

medical applications of science (except that bioengineering is included under the general

definition of engineering used here) we do not thereby intend to downplay their impor-

tance. In fact, much of what is said about engineering could be applied in that context as

well, if you think of bioengineered organisms, medical treatments, or drugs as something

that you design, and that inclusion is intended here’’ (NAS 2010, p. 12). In reading the final

version of the NAS’s standards one wonders where this vision of science education has

gone, or, has it just become even more implicit?

In situating such science education policies within the larger neo-Sputinik discourse that

focuses intensely on STEM reform, I am arguing that both the implicit and explicit goal of

the NAS’s standards framework promotes a model of scientific literacy that is attuned to

technoscientific modes of labor and a corollary public understanding of science. On the one

hand, what is evident in the NAS’s new science education framework is the move to

crosscut disciplines within the sciences. Whereas in the past science and mathematics

education has largely been theorized and practiced as separate entities, the new standards

seek to coalesce science, math, engineering, and technology into a streamlined educational

approach. Part of the reason for merging three formerly distinct educational areas is, as I

have pointed out earlier, because the technoscientific workplace has already conflated these

subjects and practices going on for many years now in genetic and pharmaceutical labo-

ratories across the globe. Take for example the guiding vision embodied in the new

standards framework (2012) which ‘‘takes into account two major goals for K-12 science

education: (1) educating all students in science and engineering and (2) providing the

foundational knowledge for those who will become the scientists, engineers, technologists,

and technicians of the future…’’ and that ‘‘the committee’s conviction that such an edu-

cation, done well, will excite many more young people about science-related subjects and

generate a desire to pursue science-or engineering-based careers’’ (p. 10). In this sense the

NAS’s science education framework is responding to economic needs being generated in

places like AquaBounty Technologies laboratories, sites heavily saturated with high stakes

investments into biotechnological and biomedical sectors of the economy—the biggest

single driver of the global economic future (Rose 2007).

On the other hand, another affect of crosscutting science education to mirror techno-

scientific modes of production is that it naturalizes something like ‘‘bioengineered

organisms’’ as purely objective renderings of nature and therefore nonhumans excluded

from democratic culture. In other words, at what point in the construction of a scientific

literacy that is based on and promotes technoscientific skill development are students,

citizens, and educators able to question what organisms, medicines, treatments, or drugs

are created and for whom? Or, more in line with our salmon, how does the public make

sense of the AquAdvantage� salmon when the science that bore this fish is already

assumed to be the only worthy judge of its own merits?

From the perspective of ANT, what the new framework for science education standards

advances is an ever-deeper epistemological blindness to purification (science is only

involved with the objective world) while also simultaneously striving to produce more

educational subjects who are involved in the creation of objects of translation such as the

AquaAdvantage� salmon. In addition to normalizing technoscientific literacies, however,

the NAS’s new standards framework also has an important political dimension that ANT
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helps us ascertain. If we turn to our salmon as an example of a politics of science that

embodies the act of purification, the implications for education immediately become clear.

That is, when we look at the AquAdvantage� salmon from the standpoint of ANT, the

question arises as to how the modern concepts of nature and culture are preserved as

separate domains through technoscientific literacies? From a modern scientific perspective,

this question is a conundrum, a query that makes little sense given the fact that science not

only communes with the natural world but also brings things back into the cultural world

and sets them loose on a public that is not equipped to deal with such escapees. It is this

very act being conducted in the FDA hearing on the AquAdvantage� salmon that the

NAS’s new science education standards framework also promotes: the proliferation of

scientific discourses and practices designed to bear hybrid entities while purifying their

existence in society as safe and consumable goods.

By following our salmon through the laboratory, courtroom and classroom what

emerges is a type of scientific literacy that is severely hobbling the ability of students,

teachers, and communities ability to enter into democratic relations with nonhumans such

as the AquAdvantage� salmon and its all too human creator, AquaBounty Technologies.

Yet what is also taking place at the epistemological level of teaching and learning is the

normalization of technoscientific modes of science education that reflects more of what is

going on in the high-stakes types of research and development of start-up genetic labs than

it does with the realities of social and ecological risk that make up a large part of peoples’

experiences in everyday life. What educators, students, and citizens are faced with is

indeed a double bind. First, where should educators start to look for an alternative model of

scientific literacy that can critically engage with the dominant technoscientific literacy

driving education in the postgenomic era (one driven by powerful industry and govern-

mental interests) and second one that provides epistemological and democratic tools for

brining the nonhuman and human worlds together into a political collective where GE fish

and their fate are determined by more than just expert fiat? In the final section I will

explore such a possibility, namely, how science education can be reconfigured to meet the

demands brought onto social life by the continued presence and participation of the

nonhuman with the human world. Since such a reconstructive task is an enormous one, I

only focus here on how scientific literacy in educational settings might begin to alter the

relationship between nonhuman and human political life. Here again we are going to draw

upon ANT to help constitute what such a literacy of science should entail. All we need to

do is follow our salmon out of the tributaries and into an estuary system that hopefully can

lead to an ocean of greater commonality.

Estuary of the common: learning from pedagogical nonhumans

One way to go about exploring how the path of an ANT can help develop a well-tuned

scientific literacy, one that can lead to an epistemological untangling of the work of

purification and translation that technoscientific practices are built upon, is to look at what

such a shift in educational approach might entail. In work that I have conducted with

seventh and eighth grade science students, teachers, and community members to develop a

model of scientific literacy informed by ANT, community problems and controversies

were used as the basis of inquiry for constructing actor network maps. For example, one

actor network research project took a recent local oil spill that contaminated multiple

socio-ecological (both urban and rural) zones to frame the process of inquiry for student

actor network maps. Student actor network maps traced a constellation of actors that

98 C. Pierce

123



modern scientific approaches treat as separate symptoms of the catastrophe (such as water

testing in the creek, park pond, and rivers most affected: identifying the cause of the leak;

etc.) at best while leaving other important actors out of the picture entirely. Unlike tra-

ditional science education approaches, students researched key actors in their project that

more accurately depicted the network of relations involved in oil extraction and pro-

cessing. These actors included one of the largest petroleum corporations in the world

(Chevron), cutthroat trout, aquatic insect extinction which triggered trout extinction, an

800-mile oil pipeline, the U.S. Department of Transportation (the governing body for a

cross state pipeline), waterfowl, a riparian biome, oil refineries, oil drills, tankers, semis,

and university scientists studying the effects of the spill just to name some of the most

influential. The production of actor network maps also integrated core standards for sev-

enth and eighth grade science students, such as chemical properties, physical properties,

food web, energy flow, producer, consumer, environment, fossils, energy, potential energy,

and geology. In this way, actor network maps put these concepts into motion by showing

the fluid qualities of actor networks, giving students an opportunity to expand scientific

literacy in ways that more precisely reflect science and its relation to socio-ecological

settings while also practicing sound scientific skills such as observation, the collection and

evaluation of facts, and creating and revising research questions. Students also participated

in the presentation of their research to their community, modeling the practice of dis-

seminating and sharing knowledge with a larger group of stakeholders in the community.

Building off these practical experiences of implementing ANT as a pedagogical tool,

the following sections provide some preliminary curriculum design features that offer a

possible outline for extending ANT’s educational uses. Part of what this means, however,

is the release of some hard-held beliefs and entrenched pedagogical approaches to learning

and teaching science in society. Again, we must turn to the fish and ANT to think through

this difficult proposition.

Transitional frames to ANT literacies

Part of the reason salmon make for such a good example of an actor to demonstrate the

pedagogical potential of ANT is, in terms of nonhumans, salmon embody network life

wonderfully. They literally have been swimming in and out of nature and culture for mil-

lennia; their highly migratory lives, that is, take them from desolate rivers and streams to

urban waterways, heavily managed rivers, and to the seemingly endless openness of the

ocean. Salmon have also been embroiled in human controversy since at least the mid-nine-

teenth century, ranging from indigenous fishing rights and the take over and management of

fisheries by whites, the creation of fish hatcheries, to concerns over rapid population decline

along with its ultimate hubristic response: the AquAdvantage� hybrid salmon. Given this

complex set of relations salmon make for a very rich area of inquiry that lends itself perfectly

to an educational approach for teaching and learning science from an ANT perspective. The

following are provisional frames that draw on the first two sections of this essay’s analysis and

a third new one to help illustrate what the direction of an appropriate model of scientific

literacy in the postgenomic era using ANT might look like.

Frame I: Overcoming nature and embracing pedagogical nonhumans

The Pacific salmon exemplifies a perfect case study of one of the most important barriers

for developing student/civic skills that would allow for a more democratic relationship to
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form between nonhumans such as the AquAdvantage� salmon and the public. As I have

argued earlier, the plight of salmon has been established as a modern scientific problem

that, in turn, blocks it from being a common concern in a number of important ways. Such

a binary between nature and culture and specifically who gets to work on problems in

nature and how is foundational to any democratic rethinking of teaching and learning of

science in the postgenomic era. As the epistemological tool of environmental history has

helped us discover and took us one step toward thinking more like an ANT, nonhumans, if

nothing else, aid in co-constructing our social realities in a variety of ways. The salmon,

dam, army corps of engineers, and hydroelectric power are all actors inextricably linked to

an actor network that only makes sense if one begins to see the power relations and

constructive qualities of each relationship at both the individual and collective levels. To

better represent such a reality, science education combined with social studies perspectives

(as ANT holds, the social and the scientific should not be treated as two separate areas of

study), I am suggesting, should begin to treat nonhumans such as salmon as a site of ANT

inquiry. One practical way to model such a goal is by building actor network maps in

science education settings that draw upon environmental history to excavate obscured and

alternative relations that are a product of educated amnesia to past human and nonhuman

relations. That is, instead of salmon being understood solely through modern scientific

lenses such as their species classification, biological mechanisms, or molecular composi-

tion, the nonhuman needs to also be engaged as a pedagogical actor capable of contributing

to the learning process of a more capable network epistemology, especially in cases where

science and technology have intervened deeply into forms of life in ways that have

exploited many and created enormous amounts of profit for few.

For instance, one question educators could ask as a point of departure for creating actor

network maps is: what are some of the most influential actors that make up the composition

and character of relations between Pacific salmon and the AquAdvantage� salmon? By

framing the research question with a focus on the number and composition of relations a

complex and highly educative map can be constructed through a process of collective (or

individual) inquiry and experimentation in both formal and informal educational settings

(science and social studies classes, community research groups, etc.). A list of potential

actors to research this question (though by no means exhaustive) with the aid of an

environmental history lens could comprise something like the following: research on fish

science policies (past and present) promoted and enforced by state and federal govern-

ments, the FDA guidelines for receiving and reviewing a ‘‘new animal product’’ license

and what actors make such a designation possible, dietary and cultural importance of

salmon to American Indian groups in the Oregon country compared to the contemporary

importance of GE salmon in US food culture, the relationship between sea lice from pen

raised Atlantic salmon and wild Pacific salmon runs, or research on the relationship

between deforestation, urban development, and the need for alternative ways of producing

fish from a declining wild population. Any one of these lines of investigation is a fertile

ground for producing an actor network map that can both utilize science as a tool for

inquiry and also recognize and draw upon the pedagogical potential of the nonhuman.

From such a process, following the basic principles of scientific investigation such as

developing a research question, experimentation, collecting and analyzing facts, observing

co-constructive relations, and the public sharing of research results with community

members, students have the opportunity to start inquiry from scratch (and from below) on

relevant community problems. However, in line with one of ANT’s fundamental tenets,

creating actor network maps should not utilize the modern categories of ‘‘nature’’ and

‘‘culture’’ as epistemological restrictions in the construction of new knowledge using ANT
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(Latour 2005). One way ANT approaches in science education (as well as sustainability

and environmental education) contexts might do this is to, as David Gruenewald (2002) has

argued in his theorization of a critical place-based education, is to embed actor network

mapping with research practices that facilitate ‘‘place making’’ by ‘‘[r]esearching places

familiar to students and planning action (whether the action aims at change or conserva-

tion) communicates to all involved that places are social constructions and that a political

process, infused with the dynamics of ideologically laden power relations, determines what

they are’’ (p. 640). Utilizing ANT in such a research approach would thus illuminate the

various human and nonhuman actors that constitute power relations of place.

By focusing on articulating and making clearer how problems rooted in place involve a

host of actors and power relations controversies such as salmon extinction or their genetic

pollution is no longer solely an issue for experts who work out in nature and return to tell

communities what to do and how to think about public problems. The established and

accepted relation with GE fish (and how we learn about them) chaperones knowledge of

such nonhumans in a way that prevents them from entering democratic politics. The

practice of ANT is far more open. ANT requires that facts be discovered and constructed

through processes of inquiry and experimentation that an actor network under investigation

demands (Latour 2005). In this way, it is possible to tap into the pedagogical potential of

nonhumans and their relations with humans that make up many of the most salient social

facts constituting many important aspects of our daily lives, with GE food being one of a

multitude of such controversies. See Fig. 1 for an example of actors that are connected to

an actor network of salmon. Here the salmon itself represents the nodal point for the

various nonhuman and human actors involved in the life of salmon—each actant—for

example the FDA—designates a constellation of humans and nonhumans involved in the

controversy surrounding GE fish and GE food in general. From a modern scientific

approach, however, the salmon would represent the bifurcation of society (the top half of

the salmon) and culture (the bottom half) leading to inquiry that fails to connect the

entirety of actors involved since the human and nonhuman worlds can never intermingle

and enter into productive democratic relations in the modern model of science that

Fig. 1 Actor relations of salmon
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relegates nonhumans’ democratic life to expert interpreters of the natural world. The figure

of the salmon and the actors that connect it to social and scientific life provide a starting

point for an ANT epistemology that truly embraces the pedagogical nonhuman—in this

case the salmon.

Frame II: Civic technoscientific literacies

Opposed to the neo-Sputnik model of scientific literacy being promoted in major education

policy reform enterprises such as Race to the Top and the new science education standards,

ANT provides an alternative epistemological space that does not take its cue from the

global economic concerns of the US government and those of one of the largest biofarming

corporations in the world. What I am suggesting should be turned to in ANT for developing

a more democratic model of scientific literacy is a recognition of how technoscientific

literacies are already enlisting humans and nonhumans into co-productive relationships.

That is, just as the National Academies’ new science education standards has recognized,

the real practice of science is no longer attached to the myth of a solitary man in a white lab

coat working diligently on a complex problem by light of a candle. In fact, what the

authors of the new science education standards have responded to is the fact that science is

a co-constructive process that involves scientists across disciplines and nonhumans such as

gene sequencing software in order to solve intractable mysteries of nature such as the

human DNA code. This aspect of technoscientific production can be seen clearly in the

nonhuman example of the AquAdvantage� salmon, an entity only possible through the

collaborative work of genetic information from two species of fish, a biofarming corpo-

ration, its bioengineers, and an amenable governmental policy that allows such a chain of

actors to come together and flourish, and a science education classroom that exonerates

students from learning about the networks in which they are entangled.

For instance, one of the most important constituent parts of the AquAdvantage� salmon

(the rDNA construct created from an Ocean Pout and Chinook salmon) involves two

nonhuman actors that contribute to the construction of the GE fish created by AquaBounty

Technologies. The genetic information, along with the technologies and procedures

employed by bioengineers, create an actor network that would not have been possible

without the input and qualities of two different nonhumans’ genetic information. Here we

have what science and technology studies theorists have called ‘‘science in action.’’ This is

the base of what I am suggesting needs to be a civic technoscientific literacy: a way of

learning and teaching about science and technology that recognizes the co-constructive

role that nonhumans play in the production of scientific knowledge and practice. What is

different about what I am calling civic technoscientific literacy from the technoscience

literacy of the genetic lab however, and again where ANT plays a significant part, is the

situating of the teaching and learning of technoscientific literacies also within moral and

political questions (or controversies) that are expunged through current approaches in

laboratories and bioscientific research facilities. In other words, if education is going to

take up the role of cultivating technoscientific literacies (not an inherently bad thing since

it reflects the actual practice of science today more accurately) it also needs to put on the

pedagogical table the question of whether or not communities and the public writ large

want to splice genes as a food production model of the future. One place where such ANT

literacy projects could build upon aspects of the new science education standards, for

instance, is where the policy calls for ‘‘societal decisions about the advancement of science

[which] also require knowledge of ethics’’ (NAS 2012, p. 306). As it stands now, and as my

analysis of the new science education standards alongside the AquaBounty report reviewed
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by the FDA, ethical decisions are not open for debate—or, at least, in any real sense of the

word. A civic technoscientific literacy thus would offer both parts of the whole instead of

isolating one for the benefit of bioindustrial growth. The moniker of ‘‘civic,’’ in other

words, designates an opening into the reality of technoscientific literacy that involves

ethical and political questions that have yet to be part of the discussion of revamping

educational conceptions of scientific literacy in our current era. Educational practices that

utilize ANT as an epistemological tool in the creation of actor network maps, for instance,

should also be working with a civic technoscientific literacy as a basis for tracing chains of

actors and articulating in clear terms their composition and character.

As Fig. 2 illustrates, civic technoscience literacy involves tracing the relations and

composition between actors. For instance, the link between wild salmon and sea lice is

only explainable through the network composition of GE salmon/growing pens/rDNA

constructs/aquafarming corporation. What a civic technoscience literacy would emphasize

in this actor network is a more accurate account of a controversy, in this case the extinction

of wild salmon runs. GE salmon understood through a civic technoscience literacy, do not

exist as isolatable entities that can be purified through technologies, such as growing pens.

By focusing on the co-constructive quality of science in action (especially biotechnological

expressions), a more factually precise picture comes into the frame. Namely, that the

controversy of salmon extinction and the politics that surround it must include an account

of the relational and co-constructive chain of actors, as each one plays a constituent role in

the manufacturing of sea lice explosions within the migratory waterways of wild salmon

(see recent studies on the catastrophic impact pen raised salmon and their nonhuman

parasite sea lice have wild salmon populations in Krkosek et al. 2007; Hindar et al. 2006).

The road to democratic accountability and involvement becomes less opaque through such

a practice of scientific literacy because the GE salmon debate is no longer understood

through the practice of purification and blindness to human-nonhuman networks. As such

Fig. 2 Actor network map of GE salmon
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the debate for a ‘‘new animal product’’ license, reframed through civic technoscience

litearcies, must now involve a whole host of actors that can speak as their compositional

and relational character is no longer held silent.

Frame III: Democratic education in the postgenomic era

In the previous two frames of transition and throughout the entire journey of our salmon,

what has become apparent is that democratic education, given its modern inheritances, is

utterly ill-equipped for dealing with serious public problems of the present and those of the

not-so-distant future. If nothing else, what I have been arguing is needed are educational

approaches that are attuned to deal in productive and democratic terms with problems such

as GE salmon and its attendant controversies. What is clear is that science education (and

education in general) is failing to prepare citizens, communities, and teachers with the tools

needed to make sense of and include everything and everyone that comprise our common

social realities.

What Latour (2004, 2005) and other theorists and activists who are rethinking demo-

cratic theory from the standpoint of the common (Hardt and Negri 2004; Shiva 1997, 2005)

have pointed out is the need to cultivate new habits and skills in individuals and collective

groups that can emerge from a common ethic. In applying ANT as an educational practice,

epistemological landscapes arise that can potentially lead to a stronger understanding of the

ways the commons are being involved in processes of capitalization and cultural and

economic enclosure. Such a location for producing knowledge is important because, as my

analysis of GE salmon using ANT attempts to show, practices and governing laws fore-

close on the development of habits and literacies that can frame something like GE food

debates within larger networks of power. In utilizing the concepts of nature and culture to

purify reality, bioindustrial interests prevail over the common forms of life it requires to

grow as a productive model. Part of developing educational habits reoriented toward a

common ethic therefore requires that educators, learners, and community members work

with epistemological tools that can bring nonhumans into democratic life by creating a

more coherent vision of the ways human and nonhuman life are involved in economic and

cultural systems based on domination and extractive ethics. As Vandana Shiva (2005) has

argued in her work ‘‘patents on life and the rhetoric of the ‘ownership society’ in which

everything—water, biodiversity, cells, genes, animals, plants—is property express a

worldview in which life forms have no intrinsic worth, no integrity, and no subjecthood.’’

Such a view and ethic towards life also ‘‘holds the anti-life philosophy of those who, while

mouthing pro-life slogans, seek to own, control, and monopolize all of earth’s gifts and all

of human creativity. The enclosure of the commons that started in England created millions

of disposable people. While these first enclosures stole only land, today all aspects of life

are being enclosed—knowledge, culture, water, biodiversity, and public services such as

health and education.’’ (p. 3).

Currently educational practices that are driven by the Race to the Top against other

advanced industrialized nations that have surpassed the economic capability of the United

States in biotechnological and bioscientific fields only make it more difficult to develop a

scientific literacy that can deal adequately with pressing ecological and social crises.

Furthermore, instead of creating a pedagogical bridge to common life, a place where habits

and skills can be cultivated that recognize network life and the power relations that

constitute it, scientific literacies built on the understanding that ‘‘nature’’ is an extractive

and controllable object only advance crises that have reached their tipping point without a

tenable exit strategy. Global climate change, widespread species extinction, deforestation,
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famine, access to basic medicine, and shrinking fresh water supplies across the planet all

point to the need for ways of thinking and acting that hold the common more important

than high STEM scores or greater investments into human capital through schooling.

The final lesson to be drawn from ANT as an epistemological tool for creating a more

appropriate form of scientific literacy is a focus on commonality instead of individuation,

separation, and proprietary feats. In creating actor network maps as a pedagogical exercise

another potential benefit is a civic ethic of commonality that modern scientific approaches

fail to produce and, in fact, resist in favor of enclosure by turning nonhumans into private,

non-democratic goods. That is, through the practice of researching and tracing actor net-

work relations students and teachers are opened up to a highly dependent (and actively

constructed) universe where the well-being and health of salmon are also related to their

human counterparts. What can unfold in the act of thinking like an ANT is a view of a set

of power and co-constructive relations that reflects back from the nonhuman world into the

human, showing that in fact the AquAdvantage� salmon is just as much a part of us as we

are of it. It is this common ontological lesson that ANT has the potential to render as a

pedagogical tool for learning and teaching about life in the postgenomic era. From such a

standpoint a viable politics of the future could be created, one where educational habits can

be formed that recognize the stakes of something like the GE food debate to be life itself.

If our salmon has taught us anything it is that the common waters that nonhumans and

humans share and have shared for millennia need to be the horizon from which future

educational approaches are created. One way to begin to see the ocean that surrounds us is

to follow the ANT as it chases the salmon. Through paths such as these, network life and

epistemologies for detecting the multitude of lines it can follow open up a whole new

world of understanding and hopefully learning and being in the world. Thus the stakes of

developing an alternative scientific literacy to those that call forth the AquAdvantage�

salmon are much higher than the health of a quickly growing economic sector. It is about

making sure that the common waters hold on to the depleting diversity of nonhumans that

teach us more than ways to increase potential quarter earnings or how to create cost-

effective and risk-laden food products. With the yearly closure of untold salmon runs,

many of the most fragile actor networks are quickly shutting down. Education in the

postgenomic era should be about keeping these networks open as well as thinking of ways

to make them healthy and to come up with methods for including their participation in

democratic life.
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Abstract Can mining and fisheries co-exist in Bristol Bay, Alaska? To delve into this

interesting tension, I expand on Clay Pierce’s (this special issue) thoughtful analysis of

genetically modified salmon and AquaBounty Technologies, where he explores actor-

network theory in relation to scientific literacy and schooling. Further, my essay explores

the idea of embodied knowledge as paramount to the next generation of youth engaged

with scientific literacy. I demonstrate the problems associated with using hegemonic

science to normalize biocapitalism and the subjugated knowledges in relation. Ultimately,

I provide justifications for strengthening an ecologically mindful scientific literacy,

working towards what might be called ‘‘Neptunian democracy’’ in science education,

including salmon and other nonhuman actors as integral for youth wrestling with eco-

justice issues. To do this, I highlight the significance of renewing fishing, hunting, and

salmon eating. These things ought to become an intimate characteristic of the imagined

literacy of the next generation of youth (what I’ve been calling Generation R for

responsibility).

Keywords Ecojustice theory � Hunting � Fishing � Organic farming � Actor network

theory

The fourty-ninth state of the United States, Alaska, has a rich history of producing the bulk

majority of the commercial wild-caught North American harvest of salmon. Since 1959

these fisheries have been carefully managed by the Alaska Department of Fish and Game
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(ADF&G). For much longer, traditional subsistence, as a way of living off the land–ocean

has encompassed Alaska’s rural villages and Native people. Even in Alaska’s urban places,

Juneau, Fairbanks and Anchorage, many people still rely on subsistence. There are five

species of salmon in Alaska: Chinook or ‘‘King’’, Sockeye or ‘‘Red’’, Coho or ‘‘Silver’’,

Pink and Chum. Although Alaska had a historical blip of overfishing in the early twentieth

century, all species with the exception of Chinook have significantly rebounded, with the

value of salmon catches at near record levels. The significance of wild salmon cannot be

overstated for Alaska’s people (Fig. 1).

At the same time, Alaska has economic interests in other natural resources including

petroleum and gas, timber and metals. These competing economic interests for Alaska

have resulted in vehement debates over what should take the priority in western Alaska,

particularly Bristol Bay. Paul Greenberg (2014) captures the spirit of these debates in

his book American Catch. He notes that in a place that ‘‘produces 5.3 billion pounds of

seafood a year—a full half billion pounds more seafood than Americans consume every

year’’ (p. 164), there is the Pebble Partnership and mine site that lays claim to dig up

$500 billion in copper and gold, at the expense of significant risk that could degrade in

the matter of moments the millennia-aged fragility of Sockeye ecology. Greenberg

notes,

Bristol Bay is the most valuable salmon fishery in the world, generating $300 million

in local profit and $1.5 billion when all affiliated business it creates is taken into

account. But the value of the fishery is dwarfed by the value of the mine, at least in

the short term. The mine is valued at potentially $500 billion. True, amortized over a

few hundred years, the salmon are more valuable, but you cannot build a shareholder

base over a few hundred years. (p. 182) (Fig. 2)
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Fig. 1 From an economic standpoint, one of Alaska’s most valuable resources is Salmon with the
Bristol Bay fisheries accounting for nearly half of all wild salmon. The harvest in Bristol Bay,
consisting of nine river systems, can account for upwards of 30 million salmon yearly (Source: ADF&G
2014)
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Science and the Pebble Partnership

Non-biased rigorous science has been touted as the key defense for why the proposed

Pebble Mine in the Bristol Bay watershed makes sense. Science has been used to dem-

onstrate that building a mine over an invaluable salmon migration will have few if any

consequences—that mining and fishing can both exist in Bristol Bay. Alaskans have been

bombarded with ‘‘science doesn’t lie’’ types of advertising from Pebble and I want to

emphasize that this focus has been on advertising scientific knowledge as the almost

exclusive basis for Pebble’s ‘‘no-harm’’ defense. Pebble suggests that they have thirty

thousand pages of scientific baseline data and independent scientific evidence on water

impact, acid drainage, block caving, waste disposal, seismic risk and fisheries. In contrast,

the opponents of Pebble and Alaska Native communities send their empathetic pleas not

to degrade the land. However, notwithstanding the high status of science, these groups also

focus on science over other types of knowledge to defend their positions. At the center of

this debate, an Environmental Protection Agency (EPA 2014) report features an envi-

ronmental risk assessment. In this report, the EPA describes how 94 miles of spawning

streams would be lost due to the footprint of the mine itself. Streamflow alterations would

effect an additional 33 miles of streams. Some 4,900 acres of wetlands and 450 acres of

rearing habitats, ponds and lakes would be compromised. There would be reduced food

sources for wildlife, a disparity of surface and groundwater, and the seasonal water tem-

peratures would be altered. Additionally, the EPA suggests that water quality would be

effected from the leachates of waste rock piles or ‘‘tailings’’—or if remediated by Pebble—

the failure of a wastewater treatment plant would spell certain irreparable harm. Stream

blockages would occur from transportation across the watershed, truck accidents could

spill toxic chemicals, and the possibility of a failed dam (or in the case of Pebble, several

dams)—which would need to be built to contain the tailings for thousands of years after the

mining ceased—also would mean harmful physical and toxicological effects on salmon

(Fig. 3).

Fig. 2 Orca Whales feed on a variety of fish and marine mammals, but these resident ‘‘killer whales’’ in the
Prince William Sound near Kenai Fjord National rely on salmon. � 2014 Michael Mueller
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What does this mean for the region? Beyond degraded salmon habitat and salmon, there

would be significant damage to wildlife including changes in behavior for wolves, eagles,

and bears, to name a few. For when salmon die, they also enhance the nutrients that

provide the foraging grounds for moose, caribou and other wildlife. Without migrating

salmon, these species and others would spiral in decline. For the more than 35 Alaska

Native communities within the watershed who rely on salmon, these ecological vulnera-

bilities encompass devastating consequences. Consider the EPA’s statement about the

effects of tailings dam failures on Alaska Native cultures:

Any loss of fish production from these failures would reduce the availability of these

subsistence resources to local Alaska Native villages, and the reduction of this highly

nutritious food supply could have negative consequences on human health. Because

salmon-based subsistence is integral to Alaska Native cultures, the effects of salmon

losses go beyond the loss of food resources. If salmon quality or quantity was (or was

perceived to be) adversely affected, the nutritional, social, and spiritual health of

Alaska Natives would decline. (p. 26)

The EPA notes that ‘‘hunting and fishing would be expected to change in direct response to

the stream, wetland, and terrestrial habitats lost to the mine footprints and the

transportation corridor’’ (p. 26).

Roadmap for this essay

The scientific posture within the EPA report begs the question as to whether mining and

fisheries can co-exist in Alaska? To get address this particular tension, I expand on Clay

Pierce’s (this special issue) thoughtful analysis of genetically modified salmon and Aqu-

aBounty Technologies and implications for school science. I explore further the idea of

human knowledge embodied in relation to what Pierce proposes through ANT (actor-

network theory). To strengthen an ecologically mindful scientific literacy including salmon

Fig. 3 Moose, caribou, bears, eagles, and wolves depend on the spawning salmon that bring marine-derived
nutrients into the watershed fueling foodwebs. � 2014 Michael Mueller
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and other nonhuman actors as integral characteristics of engaging in the scientific

endeavor, I highlight the significance of renewing fishing, hunting, and eating of salmon.

These things ought to become intimate characteristics of the imagined literacy of the next

generation of youth (what I’ve been calling Generation R for responsibility).

Learning about a fish from an ANT

In Pierce’s analysis of postgenomic scientific literacy and education, he discusses the

double bind thinking of a positivistic science where the idea of democracy does little to

question whether nonhuman actors in science can be artificially separated from human

knowledge, while through social existence and science activity, nonhuman actors (salmon)

are inseparable from the science inquiry (of genetic modification). By capturing science in

action around place-based ecosociocultural contexts, Pierce continues, the ecologically

mindful science education and standards, for that matter, are not immune to being influ-

enced heavily by ‘‘biocapitalist interests that work to normalize practices for privatizing

genetic material’’ (in the case of Atlantic Salmon). And for that reason, we should

deliberately focus on dissolving the false separation of nature and object and human

activity in schools. Along with Barbara McClintock, Rachel Carson, Aldo Leopold and

others who helped shape the beginnings of a more ecologically mindful science education

and who afforded the ‘‘other category’’ the more legitimate status within the cultural

enterprise of science, we find agency and the determinate qualities that Peirce argues are

embedded in actor network maps.

Pierce describes how Pacific Salmon embody network life. He says,

The ecological devastation of deforestation, practices and suburban overdevelopment

that destroy stream and river spawning beds, the threat of genetically engineered

hybrid species to wild salmon gene pools, and the catastrophic effects of aqua-

farming on young wild salmon fry that are a result of sea lice explosions in migratory

salmon zones, all represent a context in which the human and nonhuman have

become inextricably a part of one another’s lives.

Traditional ecological knowledge

It is at this juncture that we find Peirce’s work on AquaBounty Technologies meets Pebble

Partnership and what has been subjugated in the face of biocapitalist science. For Aqu-

aBounty and Pebble, science serves as a deployment strategy, or hegemonic device to pry

open the new normal. This ‘‘new normal’’ is imbued with the higher status science receives

from an inherent faith that science and technology can solve all the world’s problems

(Mueller 2009), and in turn, this new normal is used to support unearthing billions in

precious metals, while diminishing the ways that biocapitalism is inescapably tied with

ecological narratives and environmental history. This often ‘traditional ecological

knowledge’ has been intergenerationally passed and mingles with the millennial-aged lives

of salmon, wolves, and bear. Peirce explains how ecological narratives and environmental

history play a paramount role in understanding science: ‘‘its primary strengths is the tracing

of relational histories between humans and nonhumans (both natural and human made)’’.

Environmental history, in particular, opens science up to nuanced ways of thinking that

cannot be achieved through science alone, because nature-salmon is positioned within

these histories as an actor in the same way it is for biocapitalism.
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The link to science education

Withstanding the robust Alaska Native intergenerational narratives around salmon, culture

and spirituality, along with the local fisheries communities (subsistence and commercial)

and more encompassing ecological studies that paint a holistic portrait, the science sup-

porting Pebble Partnership’s does not function to do any more than prepare the way for a

more exploitive and technocratic form of schooling to emerge. Pierce argues that this

science education (in and out of schools) constitutes the attractive STEM ladder that

matters to business, and next generation of people, who further normalize the biotechno-

logical progress that makes privatizing fish possible (see Mueller and Zeidler 2010). With

the genetic modification and patenting of fish there is also the loss of a collective ecoso-

ciocultural memory around the wild-type. This has been the case with the aquarium

hobbyist zebra danio fish that opened the door to a precedent in the legal world for the

further manipulation of other species. Dana Zeidler and I explored the ethics involved with

genetically modifying zebra danio fish that relegated them to the floor tank (or feeder tank)

of most pet stores. Today the colorful coral and anemone ‘‘infused’’ GloFish� and several

other species of GMO pet-fish patented by Yorktown Technologies embody the culturally

desired aspirations/‘traits’ of consumers, while at the same time bolstering the postgenomic

experience. The postgenomic experience now captivates the minds of youth.

In the same way that the postgenomic experience weighs heavy on the minds of people

who interact with salmon-as-genetically-modified-and-farmed-meat in their local grocery,

and captivates their imaginations through the classroom aquarium, the status of wild

salmon in Bristol Bay is at stake because of the what Greenberg (2014) describes as the

neglect of a ‘‘Neptunian’’ democracy—one that eats fish! Greenberg says ‘‘the other factor

that distracts us from protecting our own seafood security is much more pernicious and

counterintuitive’’ (p. 184). ‘‘Quite simply, Americans are risking their wild salmon because

Americans do not eat enough of their wild salmon.’’ But Alaskans love salmon! (Check out

www.salmonproject.org). Salmon and subsistence life is inseparable from the majority of

Alaskan’s narratives (Fig. 4).

Fig. 4 A commercial fishing vessel in Kodiak, Alaska. � 2014 Michael Mueller
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According to Greenberg, this is simply not the case in the majority of lower states. My

key point and his is that with the loss of ecosociocultural memory around wild salmon, we

will not ever realize a Neptunian democracy because youth will grow up knowing only the

GMO food in markets—and so, why should they care about Pebble?

Towards a Neptunian democracy, hunting and fishing

What seafood do Americans eat? Greenberg (2014) notes that the average American

consumer eats a majority farm-raised and imported shrimp, tilapia, catfish and salmon.

Canned tuna and Alaska Pollock are harvested often far from the coast and therefore not

reliant on the quality and integrity of the American coastline. With this diet, the American

ecosociocultural memory has rapidly shifted to normalizing the postgenomic experience

that we read about in Peirce’s work. I’ve emphasized elsewhere that the next generation of

youth (Gen R) should be educated to embrace the relational tensions of body-mind. The

responsibility for cultivating embodied knowledge also falls on science educators who

might integrate the more encompassing study of ecosystems through actor-network maps

and a locavore diet.

Where many national and state priorities focus on the development of the person and

individual child through testing and competition, what I defend is a heightened and shared

sense of responsibility. Where I emphasize Peirce’s work and take it further is with youth

ethical knowledge that comes from ‘‘embodying the map;’’ wherewithal of the science

activity that is consuming wild salmon. Essential to this Neptunian activism is learning and

experiencing the activity of food systems, where the major themes of science education

may be organized as organic farming, hunting and fishing, as well as others. Will this

activity feed the world? Perhaps no. However it begins to coalesce the responsibility of

youth around the things they care deeply about, namely an increasing emphasis on the

quality of the environment for future generations, other people and animals, and the

increasing accessibility of local food. Hunting and fishing are part of this renewed form of

science education and literacy.

Hunting, in brief

Let me pause for a moment to briefly describe the way hunting is rooted in the community

knowledge of local people worldwide, also being rapidly threatened and becoming more

vulnerable to a thieving urban sprawl of postgenomic experiences. Joel Pontius, David

Greenwood, Jessica Ryan, and Eli Greenwood (2014) explain that hunting is rooted in the

family traditions of diverse cultural groups worldwide. Where seasonal hunts represent the

biodiversity of the land and collective action, endemic species are embedded in the lo-

cavore diet and renewed relation with place. Hunting embodies the most basic evolutionary

tradition, intergenerationally passed, with the thriving ecological mindfulness and eco-

justice of conserving local wildlife. For these authors, fostering homeplace is a large part of

the environmental ethics entwined with the ecological activity of hunting for food and

human wellbeing. Indeed the praxis of relationships within the web of the hunt sustain the

animal, in the same ways that I now want to explore fishing for salmon in relation to

Pebble. For if the incremental changes occurring because of environmental toxins, urban

sprawl, and so forth, took hold in this land, the hunter would surely notice it. And, this

important part of the hunter’s education—that is, cultivating a formal baseline knowledge

and returning to the place again and again, elicits postgenomic activism. This idea is also
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the Neptunian democracy of people living in relation to the sea. They become integral to

the actor network that existed far before human habitants (Fig. 5).

Neptunian science education

While it might be debated whether the science activity of hunting and fishing are valuable

from the perspective of people engaged in recreation and trophy sports (Brock and

Crowther 2014), which for that matter is like gardening for pleasure, I would argue that the

focus should be on whether the activity promotes ecological mindfulness and the potential

for transforming the way we eat. In the prior section, I described how the hunt is rooted in

family traditions (one of these being science education) and we are reminded of this by the

way that David Greenwood (Pontius et al. 2014) describes the influence of the educational

hunt on his son Eli. David says, ‘‘I had wanted my son to experience the hunt as part of his

wider education. Just what was the lesson here?’’ (p. 91) We find the answer later in Eli’s

narrative, where he says, ‘‘It was exciting to be eating something that I had killed myself’’

(p. 93).

I’ve heard this perspective before from my own children, albeit in different ways. It is

reminiscent of the Generation R approaching with children who are embedding themselves

in ecosystems to become children of the land and ocean like their elders. In Georgia, my

family lived on an organic farm (Mueller 2014) for two years to grow organic food that

would serve as a pocket of resistance for understanding locavore democracy, Appalachian

farming traditions, and the possibility of raising a family on a garden. There, we delved

deep into the relationships that emerged from living well with a place. We raised chickens

Fig. 5 Fishing for Chinook
Salmon invites us to higher levels
of expertise and present
challenges to our ethics. � 2014
Michael Mueller
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and many types of fruits, vegetables and edible flowers. And beyond the interdisciplinary

knowledge, change and adaptability, embodied change and positionality, and under-

standing of environmental condition, derived the simple story of a place that cultivates us

as much as we cultivate it in the mindful exchanges of living, working and playing in the

present and future of a field (Fig. 6).

The farm created a relationship with fresh food that screamed so loudly we could not

deemphasize or ignore the scraps that wanton waste in a prior life had initiated. What I

mean by this is that many people in our wasteful consumer culture would have thrown

away what they could not eat, but as people who grew the food we ate, we could not

fathom throwing away the tiniest bit of leftover harvested chicken, fruit, vegetable or

delicate flower. For these things had thrived and garnered the wider education that I also,

similar to David, desired and cherished for my children. It was always exciting to eat

something we had worked so hard to cultivate. With their hands in the soil, my children

understood intimately how to define fresh and relational without knowing that someday

they might also face conventional farming.

What does this all have to do with Pebble? Well, Pebble like neoliberalism like hy-

perconsumerism like biocapitalism share a normalizing and powerful inertia of actor-

networks in science education, just as eating mindfully has the potential to do. It wasn’t too

long ago that we moved to Alaska from Georgia to find ourselves in a place where we

initially felt out of place. However, because learning to live in place has as much to do with

place as it does with the methods of becoming less displaced, we adapted fairly quickly to

our new home. We listened to this new home and fishing became a way of life. My wider

education that included learning to fish as a child was renewed also through the father–son

and father–daughter fishing adventures we took as a family over the summer to fill our

freezer full of wild fish. From the salt in the wind and sandy beach for playing with pail and

shovel, to camping and socializing with hundreds of people all engaged in the same

counter narrative, I watched as hundreds of Alaskan children experienced the postgenomic

world in a way that would forever imprint what is necessary to impede the normalizing

science of GMO’d salmon and the destructive consequences for the wild migration in

Bristol Bay (Fig. 7).

Fig. 6 My son Noah’s zucchini; he would not let us dare sell it at the farmers’ market. � 2014 Michael
Mueller
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In the same way, hundreds of thousands of Alaskans and Alaska Natives are fishing

every year and it is through this great scientific enterprise that actor-network maps are

continuously formed and retrofitted. What is the fate of Pebble? Time will tell. But I have

to hope that my children and children around the world would have sufficient time to be

introduced to the pleasures and passions of gardening, hunting and fishing, and if not that,

then the tastes and vibrant smells of the earth and ocean (Fig. 8).

It goes without question that there are farmers, hunters and fishers who have pillaged

and plundered the land and sea. They still exist today. I don’t want to be misunderstood as

promoting an ‘‘us’’ versus ‘‘them’’ in the environmental sense. There is hope and

responsibility emerging with the younger generations and those who are balancing the

tensions of their futures by eating more mindfully, engaging in hunting and fishing prac-

tices or practicing the human activism of fresh and flesh. There are many ways to recognize

the nonhuman actors as a conversant part of the next generation’s experience. We might all

be a part of this postgenomic experience.

When realized fully, Alaskan salmon and the Neptunian ethics of Gen R youth might

just catch the imagination necessary for science education towards eco-mindfulness.

Fig. 7 Teaching my son to dipnet for Sockeye. � 2014 Michael Mueller

Fig. 8 Ecojustice and Neptunian science education. � 2014 Michael Mueller
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Abstract This paper approaches mindfulness, an awareness of internal and external

realities, as a culturally-shaped habit of mind. Findings of a cross-cultural study and

popular sayings that reflect America’s cultural orientation to consumption and competition

are contrasted with findings from Hawaiian language newspapers, traditional cultural

practices, and Hawaiian sayings that indicate an orientation to ecological mindfulness that

increased the resilience of fragile social ecosystems. Marginalization of indigenous culture,

language, and knowledge and cultural differences between teachers and indigenous stu-

dents are proposed as a contributing factor to lower science performance of Native

Hawaiian students in mainstream schools. Two professional development projects

designed to reduce conflicts between culture and science instruction are presented. Find-

ings from these projects suggest alignment of science inquiry with indigenous cultural

knowledge and practices oriented to sustainability supports the development of teachers’

ecological mindfulness as indicated by increased awareness of, interest in, and incorpo-

ration of place and culture-based based resources into their instruction. Teacher feedback

indicates that mapping technologies that enable teachers to visualize and integrate indig-

enous place-based Hawaiian knowledge with science inquiry are promising instructional

strategies.

Keywords Ecological mindfulness � Hawaiian newspapers � Place-based

professional development � Indigenous maps � Cross-cultural hybridity
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What is ecological mindfulness and how might it develop?

He ali‘i ka ‘āina, he kauwā ke kanaka. The land is a chief; man is its servant.

He who dies with the most toys wins.

According to Kirk. W. Brown and Tim Kasser (2005), ‘‘When people are mindful,

internal and external realities are perceived openly and without distortion’ (p. 351). Their

research suggests that mindfulness is associated with ecologically responsible behavior,

perhaps through considerations of how one’s own behavior might impact future

generations.

The notion of ecological mindfulness associated with behaviors oriented for the com-

mon good is important in the light of an annual survey of 17,000 citizens in 17 countries

showing ‘‘American consumers’ behavior continues to rank as the least sustainable of all

countries surveyed’’ (p. 3) consistently accompanied by the lowest guilt about the envi-

ronmental impact of their choices since the survey began 4 years ago (Greendex 2012).

The results of this Greendex survey suggest the cultural construction of a competitive,

acquisitive, alternate mindfulness (some might call it mindlessness) captured in two

popular culture sayings, ‘‘Keeping up with the Joneses’’ and ‘‘He who dies with the most

toys wins.’’ If citizens in developing countries adopt America as the model for higher

standards of living we share a grim and uncertain future. The Global Footprint Network

(n.d.) estimates that humans already use resources equivalent to 1.5 Earths.

Science teachers who are ecologically mindful can play a critical role in raising stu-

dents’ awareness that nature cannot be viewed as an inexhaustible source of free goods,

separate from culture and society, but that both are part of a global social ecosystem.

Clayton Peirce suggests in ‘‘Learning About a Fish from an ANT’’ that actor network

theory provides an ‘‘alternative scientific literacy appropriate for postgenomic society’’ in

which the boundaries of nature and culture have become blurred through genetic engi-

neering. The story of the genetic engineering of Atlantic salmon to contain the genes of the

eel pout and Chinook salmon demonstrates how an organism with its own genetic history,

ecological role and cultural significance is transformed through patents, genetic engi-

neering, and controlled production into transgenic intellectual property. Genetic engi-

neering continues the path towards technological solutions to the problems of

environmental degradation, dams, and overfishing that led to the first national fish hatchery

for Chinook salmon on the McCloud River in Sacramento Valley in 1872 (US Fish and

Wildlife n.d.).

What does it mean to the ecological health and sustainability of a watershed when an

ecologically, culturally, and commercially valuable fish no longer needs to spawn in clean,

free-flowing rivers and streams? What impact does this have on valuation and use of water

resources and the communities of plants, animals, and Indigenous peoples whose cultural

histories and life ways are intricately bound to the life cycle of salmon? Peirce suggests

that actor network theory provides two main ways to tell the story: tracing the steps to

convert natural resources into unnatural resources or turning to environmental history for

contrasting stories of the interactions of Native Americans and salmon and the interactions

of Westerners and salmon.

Science teachers taking an environmental history approach to develop scientific and

technological literacy might ask their students to explore the practices and values of people

who lived more sustainably a few generations ago—their grandparents. But even with the

best intentions of teachers, growing awareness of climate change, and 40 years of the US

Environmental Protection Agency (n.d.) and Endangered Species Act (n.d.) that explicitly

link culture and nature, the Greendex study shows it is difficult to develop scientific
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literacy and ecological mindfulness linked to behavior change when cultural messages

encourage an alternate mindfulness of consumption and competition. Across levels, from

individuals to nations, we compete on measures of income, consumption, education, and

mathematics and science test scores. But this is not the only measure of cultural accom-

plishment or in the long run, one that supports a sustainable common future.

Science learning as cultural accomplishment

The National Research Council’s (2012) A Framework for K-12 Science Education:

Practices, Crosscutting Concepts, and Core Ideas, emphatically states:

All science learning can be understood as a cultural accomplishment (p. 283)…
Particular cultural groups frequently develop systematic knowledge of the natural

world through their members’ participation in informal learning experiences, which

are influenced by the groups’ history and values and the demands of specific set-

tings…Such culturally influenced ways of approaching nature reflect a diversity of

perspectives that should be recognized in designing science learning experiences’’.

(p. 287)

In two related papers, Thomas M. Parris and Robert W. Kates (2003) emphasize that

teachers play an important role in developing local capacity for place-based sustainable

science by ‘‘identify(ing) the specific trends most relevant to such places and the ways in

which local populations can contribute to altering the trends that affect them’’ (Kates and

Parris 2003, p. 8066). Joan Ferrini-Mundy (2013) views the resources of cultural diversity

more narrowly in the context of competition: ‘‘Diverse experiences and interactions can

support cognitive growth and critical thinking, can benefit problem solving, and are pri-

orities among STEM business for global competition,’’ (p. 278). These viewpoints suggest

the critical importance of teachers as thoughtful curriculum adapters and developers who

see beyond competition to broader societal goals of STEM education for the common

good.

In the light of actor-network theory and environmental history approaches that trace the

relationships among humans, social systems, and nature it is not surprising that Native

Hawaiian, Pacific Island, and Alaska Native students are severely underrepresented in

STEM fields. Their cultures place high value on experiential, place-based knowledge

oriented to sustainable social ecosystems, putting them in direct conflict with mainstream

science education shaped by the western ideologies and histories that link science and

technology to global competition. The following sections of this paper will address

mindfulness as a cultural phenomenon, draw upon sociocultural theory and research as a

guiding framework, and report briefly on the author’s professional development (PD)

projects in Hawai‘i.

Culture and the construction of mindfulness

The long-standing separation of culture and nature in western thought may be seen in

Webster’s II New Riverside University Dictionary, edited by Anne H. Soukhanov and

Kaethe Ellis (1984). Definitions of Nature, derived from the Latin, natura or nasci to be

born, include: ‘‘(1) The material world and its phenomena. (2) The processes and forces

that produce and control all the phenomena of the material world. (3) The world of living
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things and the outdoors. (4) A primitive state of existence undefiled by civilization.’’ (p.

786). Culture, derived from the Latin cultura is defined as: (1) The totality of socially

transmitted behavior patterns, arts, beliefs, institutions, and all other products of human

work and thought typical of a population or community at a given time (p. 335). Jürgen

Klein credits Sir Francis Bacon (1561–1626) with the phrase, ‘‘knowledge is power,’’ the

belief that nature could be understood through scientific methods and the conviction that

‘‘scientific knowledge [was] a condition for the expansion and development of civiliza-

tion’’ (2012). This anthropocentric, western cultural model of the relationship of nature,

culture, science, technology, and power drove the euphemistically labeled Age of Dis-

covery, i.e., western colonial expansionism.

Captain James Cook’s Pacific voyages may be viewed through this lens as quests for

knowledge of places, peoples, and resources in the service of the British Empire. Global

trade began soon after Captain Cook visited Hawai‘i in 1778. Harold St. John (1947) writes

that by 1790 sandalwood was being collected for sale to China. Mark Merlin and Dan

VanRavenswaay (1990) describe the economic and ecological impacts of a shift away from

a completely sustainable economy with the export of endemic sandalwood (Santalum) to

China in the early nineteenth century. These changes were associated with the introduction

of hoofed animals and new plants for maritime trade and local consumption, establishment

of whaling and sugar industries, and establishment of military bases after US annexation in

1898. A shift from oral transmission of knowledge to text transmission accompanied this

transition. Judith Hughes (1993) notes that the Hawaiian kingdom’s decision to provide

universal schooling led to the founding of Lahainaluna High School on Maui by mis-

sionaries just a decade after they arrived from New England in 1820.

Student cartographer and future surveyor Samuel P. Kalama transferred the knowledge

of Hawaiian place names and traditional land divisions into the first maps of the Hawaiian

archipelago to apply western approaches. These were printed in 1837–38 at Lahainaluna

High School (http://islandbreath.blogspot.com/2010/06/na-mokupuni-o-hawaii-nei.html).

Throughout the turbulent nineteenth century, Hawaiian language schools and newspapers

supported the transmission of cultural knowledge. But Hawaiian voices were nearly

silenced after economic and political change culminated in the 1893 overthrow of the

Hawaiian kingdom and Hawaiian as a language of instruction was prohibited from 1896 to

1978, a span of four generations.

My maternal and paternal ancestors arrived in the Hawaiian Kingdom in the 1880s from

China. I grew up in a family with Hawaiian relatives, but my generation only spoke

English. Though my family fished, harvested wild foods, and planted vegetables and fruit

trees, our knowledge of Hawaiian culture and language was minimal and our food sus-

tainability practices optional. At some unnoticed point in the twentieth century, Hawai‘i

transitioned from being sustainable to unsustainable. Now Hawai‘i is the least sustainable

state in food and energy and has the distinction of being a hot spot for both endangered as

well as invasive species.

Ecological mindfulness in Hawaiian culture

Prior to western contact, ecological mindfulness was not optional but a necessity of living

sustainably on a remote island archipelago subject to drought, storms, tsunami, and active

volcanoes. Limited resources on islands with varying soil types, geological ages, and

microclimates increased the potential for tipping points where ecosystems could shift

irreversibly to states that might not sustain human survival. Cultural practices and intel-

lectual traditions developed that greatly valued detailed knowledge based on continuous
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observations, analysis of the impacts of human activities on resources, and decision-

making to prevent ecological crises before they occurred.

Adaptive management informed by continuous learning and deep knowledge of social

ecosystems supported sustainability and resilience, the ability of the system to recover

from a disturbance. Regional and island-wide information was gathered during the

makahiki na o Lono, an annual circuit of each major island made by the high chief and his

councilors with stops at each ahupua‘a to receive tribute and participate in rituals dedi-

cated to Lono, god of peace and planting. Starting when the Pleiades appeared in the night

sky in late fall and ending when they disappeared near the end of winter, a period cor-

responding to the rainy season, warfare was prohibited and fishing and planting ceased for

rituals connecting people, lands and gods. Isabella Kauakea Aiona Abbott (1992), first

Native Hawaiian woman to earn a science PHD, emphasized the ecological significance of

the makahiki as a time ‘‘when the land could rest, plants could grow without being har-

vested, and the ocean could replenish itself’’ (p. 22).

Hawaiian intellectual tradition reveals ecological mindfulness in mo‘olelo, lengthy

ancestral epics. The mo‘olelo of Kuapaka‘a, a young man who seeks to address injustices

experienced by his father was published in Hawaiian newspapers by Moses Nakuina in

1902 and translated and published as The Wind Gourd of La‘amaomao by Esther T.

Mookini and Sarah Nākoa in 2005. It relates Kuapaka‘a’s ability to control the winds in the

supernatural Wind Gourd by knowing and chanting their names. The winds of the island of

Hawai‘i named in the Wind Gourd of La‘amaomao and their locales are shown in Fig. 1

below. This story serves a dual function: it employs narrative to record and transmit the

names and places of hundreds of winds, while also serving as a metaphor for farmer and

fisher knowledge of seasonal and daily patterns of winds and rains that enabled each

ahupua‘a to function as a self-sustaining geopolitical unit. Hawaiian scholars M. Puakea

Nogelmeier translator of The Epic Tale of Hi‘iakaikapoliopele (2008) written by Ho‘ou-

lumahiehie as a daily serial from 1905 to 1906 in the Hawaiian language newspaper Ka

Na‘i Aupuni and Noenoe K. Silva (2010) who analyzed Pele’s calling of the winds of

Kaua‘i agree that that mo‘olelo provide insights into the ways Hawaiians organized

knowledge and mapped their cultural history and world.

Demonstration of knowledge was a path to power in Hawaiian and other Polynesian

cultures. Alexander Fornander (1916) and Martha Beckwith’s (Beckwith 1940/1970)

writings about life-and-death riddling (ho‘opāpā) contests show that knowledge and its

public display were at the core of power, identity, and social status. Riddles presented by

opponents required knowledge of plants, animals, winds, and rains and used wordplay to

connect cultural activities to marine and terrestrial plants and animals, reflecting a systems-

oriented view of land, ocean, and culture as a single social ecological system. In the

mo‘olelo of Kaipalaoa, the Hoopapa Youngster, a young man learns all he can from his

mother and aunt before challenging the king of Kaua‘i, Kalaniali‘iloa to a riddling contest

to avenge the death of his father, defeated in an earlier contest (Fornander 1916). After

engaging in a lengthy battle of wits, Kaipalaoa defeats Kalaniali‘iloa’s team of ho‘opāpā

experts who are put to death, showing that even for a young person, knowledge was a route

to power and fame.

Kepa Maly (2001) translates another riddling contest from a 1916 article in the

Hawaiian language newspaper Ka Hoku o Hawaii between two individuals who compete

on knowledge of trail systems, taro farming, fishing, and land divisions spanning moun-

tain-top to the deep sea on the island of Hawai‘i. The answer provides a cultural map of 23

named zones integrating human activities, gods, and environment of a specific ahupua‘a.

Each ahupua‘a (see Fig. 1 below) with its unique set of socio-ecological zones, was
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overseen by a konohiki, a lower chief and highly knowledgeable resource manager with the

power to control access to and use of resources via kapu, proclamations enforced by death

to violators.

Everyday mindfulness: ‘Ōlelo no‘eau, proverbs and sayings

An everyday ecological mindfulness developed through subsistence lifestyles reinforced

by stories, sayings, and place names that created a storied landscape rich with historical

and ecological knowledge. M. Kawena Pukui (1983) collected thousands of Hawaiian

proverbs that provide additional insights into the mindfulness of people to the lands that

sustained them. The saying ‘‘Kalo kanu o ka ‘āina; a taro planted in the land’’ meaning

natives on the land from generations back (No. 1447) established the generative rela-

tionship of people to place and alluded to the ancestral, spiritual relationship of people and

taro. Taro, the staple food of Hawaiians, arrived with Polynesian voyagers roughly

1,000 years ago. Research by E. S. Craighill Handy, Elizabeth G. Handy, and M. Kawena

Pukui (1991) showed that from the relatively small numbers of founding plants, the people

who became the Hawaiians closely observed, developed, and named over 340 varieties,

each selected for optimum growth for particular locations, soil types, and climate.

The importance of learning from close observation was recognized in the saying, ‘‘I ka

nānā no a ‘ike; by observing one learns’’ (No. 1,186, Pukui 1983). Government agrono-

mists Leo D. Whitney, F. A. I. Bowers, and M. Takahashi (1939) decided to retain the

Hawaiian names and classification of taro in their report, noting that:

Fig. 1 ArcGIS Wind Map of Hawai‘i prepared by Lindsey Spencer, Kapōmaika‘i Stone, Iāsona Ellinwood,
NSF Kahua A’o Project (manoa.hawaii.edu/kahuaao)
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The old Hawaiian was an unusually keen observer of nature. He quickly noted small

differences between plant forms, and there are few species which have existed in

Hawaii for any appreciable length of time which do not have Hawaiian names. This

is particularly true with respect to varieties of taro. In general, the names pertain to

some obvious growth feature, a special use, or a specific locality. That the Hawaiian

recognized definite groupings of varieties is also evident from the names. In the

system of classification herein used, it has been found possible to maintain, to a large

extent, the groupings used by the Hawaiians. (p. 12)

The ‘ōlelo no‘eau, ‘‘He ali‘i ka ‘āina, he kauwā ke kanaka, The land is a chief, man is its

servant’’ (No. 531, Pukui 1983) shaped an over-arching mindfulness of human reliance

upon natural systems. In Hawaiian thought the upper regions of the mountains were

devoted to the gods, with most human activity occurring below the forest as seen in the

zones named in the riddling contest translated by Maly (2001): ‘‘9–Ka wao akua; The

distant area inhabited by gods; 10–Ka wao lā‘au; The forested region; 11–Ka wao kānaka;

The region of people below.’’ The division of the ahupua’a into 23 named zones from

mountain-top to the deep sea created a cultural landscape that protected forest zones that

captured rainfall and cloud-drip that fed streams and springs. The ‘ōlelo no‘eau ‘‘Rains

always follow the forest, Hahai no ka ua i ka ululā‘au’’ (No. 405, Pukui, 1983) constrained

the cutting of trees to protect water, wai, the source of wealth, waiwai.

In the face of rapid cultural change, new sayings and policies arose. By 1876 damage to

the forest by introduced cattle, goats and sheep led to the codification of cultural awareness

into King David Kalākaua’s ‘‘Act for the Protection and Preservation of Woods and

Forests’’ excluding hoofed animals from the watershed. Universal schooling in the

Hawaiian kingdom enabled scholars as well as citizens to share ancestral cultural

knowledge and comment on current affairs in Hawaiian language newspapers published

from 1834 to 1948. These conserved traditional ecological mindfulness and critiqued

cultural changes that threatened sustainable social ecosystems.

Observations of misuse of firearms gave rise to a new ‘ōlelo no‘eau. ‘‘Haole ki kolea,

Plover-shooting Caucasian’’ (No. 477, ibid) criticizing indiscriminate killing of golden

plover, a bird Hawaiians netted during the night. In the 1990s a Hawaiian saying, ‘‘Mālama

i ka ‘āina, care for the land, sustainability,’’ was adopted as a science content standard,

awkwardly hitched to biotechnology, emblematic of dominant western views of technol-

ogy as the solution to sustainability. A decade later in a standards review, it was removed

as being too ethnocentric.

Indigenous adoption of western technologies, construction of hybrid knowledge

systems

A cultural mindfulness of preserving resources for future generations extended to recording

oral traditions and sharing knowledge in more than 100 Hawaiian language newspaper

published from 1834 to 1948. Tom Brislin (n.d.) writes that King David Kalākaua

(1836–1891) was nicknamed the Editor King for his editorial roles on the first paper

published by a Native Hawaiian Ka Hoku o ka Pakipika (Star of the Pacific) and the first

Hawaiian language daily newspaper, Ka Manawa (Time). Until publication ceased in

1948, Hawaiian language newspapers supported oral and text literacy from 1896 when

Hawaiian was forbidden as a medium of instruction in all schools until 1978 when a

Constitutional Amendment restored Hawaiian as a language of instruction and adopted

Hawaiian as an official state language.
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Universal schooling in the Hawaiian kingdom enabled scholars as well as citizens to

share ancestral cultural knowledge and comment on current affairs in Hawaiian language

newspapers published from 1834 to 1948. These conserved traditional ecological mind-

fulness and critiqued cultural changes that threatened sustainable social ecosystems. The

decline of fish stocks in the early twentieth century despite a smaller Hawaiian population

led an anonymous writer of a 1923 article in Ka Nupepa Kuokoa to identify the breakdown

of traditional kapu for these declines:

A kapu was placed on the fish just prior to the spawning season. Because the

spawning seasons varied among the fishes of these seas, the kapu did not deprive the

people of fish… the kapu came from the gods and it was inviolable…there was but

one punishment, death…[T]he ‘ama‘ama, squid, aku, ‘ōpelu and other such fish bear

their young in unenclosed and unprotected places. For this reason they were made

kapu from when the spawning season was near until the months when it ended.

As noted above, western mapping technologies taught at Lahainaluna High School

enabled Samuel P. Kalama to create the first maps recording Hawaiian place names and

land divisions by 1838. The use of Hawaiian place names and geographic features

established an enduring mindfulness of Hawai‘i as a Hawaiian place, seen today in county

policies mandating Hawaiian street names (City and County of Honolulu 2008).

Cultural hybridity: place, praxis and professional development

Megan Bang, Douglas Medin, and Scott Atran (2007) conclude that ‘‘conflict between the

practices associated with science instruction’’ (p. 13872) likely contribute to lower science

scores of Native American students. This may also apply to Native Hawaiian students.

Students identified as Native Hawaiians, the largest (28 %) group of K-12 students in

public schools were more likely to have Japanese (29 %) or Caucasian (23 %) than Native

Hawaiian (9 %) teachers (Hawai‘i State Department of Education 2010). Beth Custer

(2013) reports that in the 2010–2011 school year, the percentages of Native Hawaiians

meeting or exceeding proficiency on state mandated science tests were lower and declined

more rapidly than other students in grade 4 (32 vs. 43 %), grade 8 (14 vs. 26 %), and grade

10 (11 vs. 24 %).

Perhaps PD more aligned to Hawai‘i’s former cultural emphasis on close observation

and learning oriented to sustainability would be able to reduce the conflicts between culture

and science instruction. As the least sustainable state in the US, the time was right for a

hybrid approach. In his introduction to a special feature on traditional knowledge Carl

Folke (2004) emphasizes the ‘‘value of understanding and promoting diverse cultural

foundations of resource management, restoration, and ecosystem governance and the

potential to be found in complementing and combining diverse knowledge systems in the

management of complex, adaptive social ecological systems.’’

In educational contexts, the parallels of resource management and science inquiry

resonate with findings related to effective inquiry-based science teaching. Erin Furtak, Tina

Seidel, Heidi Iverson, and Derek Briggs’ (2012) meta-analysis of 37 studies found a

positive impact on student learning, particularly in teacher-led activities that engaged

students in inquiry combining procedural, epistemic, and social domains. This suggests

opportunities for cultural hybridity reside in the common domain of place-based obser-

vation, engagement, thoughtful analysis and communication as foundational to knowledge

development in western science and Hawaiian culture.
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Thus for the past decade, with the support from US Department of Education’s Native

Hawaiian Education Act and National Science Foundation, my PD projects have explored

methods, processes and social contexts of knowledge integration through place and cul-

ture-based interdisciplinary science curriculum courses spanning an academic year. Team

members possess diverse expertise as fluent speakers of Hawaiian, cultural practitioners,

scientists, natural resource managers, and culture-science educators. Site teachers with

exemplary culture-science learning centers provide experiences with school and commu-

nity based immersion-learning that supports teacher-learning across a range of social

networks. As teachers design and carry out inquiry projects with their students, they

simultaneously learn from each other, from experts in indigenous and science knowledge,

and from places rich in science and culture.

Reconstructing ecological mindfulness with new tools and representations

Pauline Chinn, Isabella A. Abbott, Michelle Kapana-Baird, G. Mahina Hou Ross et al.

(2011) initiated planning of our Kūlia I Ka Nu‘u (Strive for the Highest) project with

discussions of indigenous inquiry. Over the years, Pauline Chinn (2014) found that four

outcomes aligned with Folkes concept of cross-scale, social learning and Furtak, et al’s

findings on context-rich inquiry learning. First and perhaps most important, we found that

science PD integrating Hawaiian and western knowledge systems deepens teachers’ interest

in culture as well as science. Second, experiential, inquiry-based learning led by site

teachers funded to develop exemplary culture-science programs, cultural experts, and sci-

entists supports transformation of classroom based instruction towards place, community,

and inquiry-based instruction. Third, situating learning within diverse communities sup-

ports teachers’ development of professionally useful, cross-scale social networks. Fourth

and finally, active learning guided by Native Hawaiian instructors and others who live core

cultural values (nānā i ke kumu, looking to ancestral knowledge, ‘imi ‘ike, seeking

knowledge, and mālama ‘āina, active stewardship) develops cultural and ecological

mindfulness that increases teachers’ confidence in teaching culturally responsive science.

Evidence for these claims is found in written evaluations of participants in the June

2011-April 2012 place and culture based science PD course. Table 1 below shows human

and place-based resources reported by teachers at their first and last class meetings. The

last column on the right shows that the mean numbers of people and places considered

resources tripled in 9 months. The comment, ‘‘Everyone of the kumu (teachers) students/

classmates, or presenters had something good to share’’ supports Folke’s comments on the

value of learning in diverse knowledge systems.

Evidence that teachers connected instruction to their communities, became more

mindful of their surroundings, valued being part of social networks, and learned new ways

to teach is shown in quotes from their evaluations. Teachers consistently wanted to spend

more time together. The ag-science teacher liked knowing ‘‘what other schools/teams are

doing and how each lesson can be modified,’’ and suggested ‘‘team leaders mentor a group

of us…everything you do and learn is relevant and connects students to ‘real world’

learning.’’ Another wrote, ‘‘I wish this was on-going… there’s so much information to

learn from Kūlia team, other teachers and all the expert teachers.’’ Another teacher learned

to integrate ‘‘place-based and cultural research and practices in a scientific perspective. I

learned how important the cultural component is to teaching students.’’ They wanted to

learn: ‘‘how to relate science to culture/place’’ and experience ‘‘more field studies with

invasive species in our native forests, ocean, kula (zone where Hawaiians lived and

farmed), the physics and chemistry of things.’’
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The following quotes from Native Hawaiian teachers of predominantly Native

Hawaiian students indicate they found course activities meaningful for themselves and

their students: ‘‘All I learned in this class goes back on how wise our kupuna (elders) were:

voyaging, gardening, water quality, origins of Polynesians! Sustainability, Hawaiian

views–I truly enjoyed and took pride on how my kupuna were able to be sustainable.’’

Teachers noted high student engagement: ‘‘[My students] loved it! I wrote my [masters

paper] on place-based curriculum. The data show the students learn more and are more

engaged… It changed my life and set my heart in a place that will hopefully allow me to

help preserve the culture, people, and history. Mahalo nui loa for all you have given me!

An ag-science Teacher wrote: [Extracting DNA from strawberries was] fun and easy to do.

Excellent for cell unit! Relevant and rigorous. [Students said] ‘‘What! We are learning

science? Cool!’’ Written evaluations suggest culturally responsive PD supports positive

cultural identity, student engagement, increased feelings of responsibility to community

and enjoyment of teaching.

The role of peer networks, technology, and community resources in expanding eco-

logical mindfulness is seen in events following site teacher Sabra Kauka’s presentation of a

small, handheld digital microscope. After she demonstrated how her elementary students

studied small organisms and learned Hawaiian terms for body parts, teachers adopted

digital microscopes in their own instruction. Interest in bees inspired by a visit to the

Bishop Museum’s collection of endemic bees led to questions about the current status of

the 60 species (Magnacca 2007). When I mention Wilson et al.’s (2010) molecular analysis

of pollen collected by endemic bees showed a preference for flowers of endemic as

compared to introduced plants, teachers’ awareness of the importance of native plants in

Hawaiian ecosystems and interest in planting them in school gardens both increased.

Overnight immersions, community-based class sessions and collaborations with sci-

entists, Hawaiian cultural experts, and peers addressed teachers’ desires to learn in edu-

cative places from more expert yet accessible sources. In the same way that teachers

reported feeling more comfortable teaching from a cultural perspective when they learned

from and interacted with cultural experts and peer expert/role models, teachers wanted to

interact with and learn from scientists and peers with Hawai‘i-centered science programs to

develop knowledge, skills, and confidence in teaching science related to place and culture.

Indigenous maps: new directions in cross-hybrid professional development

Kahua A‘o, A Learning Foundation, a 3-year NSF project incorporating Hawaiian lan-

guage newspaper articles into earth science curriculum and PD provides further evidence

Table 1 Resources for science instruction in June 2011 and March 2012 (n = 14 teachers)

# People June 2011 0–2 3–5 6–10 11–15 16–20 21? Mean 6.5 people
n = 3 n = 5 n = 2 n = 4 0 0

# People March 2012 0–2 3–5 6–10 11–15 16–20 21? Mean 18.7 people

0 0 0 n = 4 0 n = 10

# Places June 2011 0–2 3–5 6–10 11–15 16–20 21? Mean 5.6 places

n = 2 n = 6 n = 5 n = 1 0 0

# Places March 2012 0–2 3–5 6–10 11–15 16–20 21? Mean 16.8 places

0 0 n = 3 n = 1 n = 4 n = 6

Source Kūlia I Ka Nu’u 2012 Annual Report
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that experiential learning integrating culture, science, and technology is meaningful for

teachers. For a lesson on local winds and rains, geophysics graduate Lindsey Spencer and

Hawaiian translators Kapōmaikai Stone, and Iāsona Ellinwood mapped winds named in

The Wind Gourd of La’amaomao onto ArcGIS maps of traditional land divisions, ah-

upua‘a. The maps immediately transformed an indigenous, orally transmitted map of

winds into a visual representation integrating knowledge from multiple domains. Com-

ments by Mahina Hou Ross, science teacher in a Hawaiian immersion program and taro

farmer in Hālawa Valley, reveal how maps (See Fig. 2) can support analytical, critical,

interdisciplinary thinking. His explanations of the many wind names in Hālawa Valley

suggest the grounding of indigenous knowledge in ecological mindfulness, close obser-

vation, and inquiry:

A possible explanation…is that Hālawa Valley is one of the few, if not the only

valley in Hawai‘i that faces the rising sun…This made it an exceptional site for

farming kalo as it has a longer period of sunlight as opposed to valleys facing north

south that would have a larger shadow due to the valley walls. Another possibility is

the ‘‘alolua i na pali’’ where the valley is very symmetrical as opposite valley walls

face each other. These walls are divided by many ridges that create ili, or smaller

land divisions within the larger valley. As the prevailing trade winds enter the valley

from the east they reflect and refract on these ridges and create winds from different

directions.

The wind maps and Local Winds and Rains lesson inspired K-12 teachers to integrate

anemometers, mo‘olelo about winds, and kite flying, and other activities to explore their

local winds. Teachers became more mindful of their surroundings and the significance of

local place names, gained cross-cultural awareness of winds, rains, and clouds and learned

ways to include their new knowledge in place-based lessons.

Final thoughts: twenty first century cross-cultural hybridity and ecological
mindfulness

New tools combined with ancestral knowledge help to re-establish Hawaiians as scien-

tists: keen observers, recorders, and communicators of ecological knowledge. Cultural

stories, commentaries, and historical events are revisited by a new generation of

Hawaiian language speakers who revitalize an endangered language and enable new

audiences to access Hawaiian newspapers as archives of natural phenomena cloaked in

metaphor. ArcGIS technologies used for wind maps of the Hawaiian Islands enable non-

readers or speakers of Hawaiian to understand traditional narratives as archives of

ecological knowledge.

Teacher evaluations tell us that PD in hybrid terrains where Hawaiian language, place-

based cultural practices, science and technology combine is productive for their own and

their students’ learning. Hawaiian newspaper articles and new technologies are resources

that inspire teachers to become mindful of and curious about the science and stories of their

own winds and significant sites. The place-based inquiries they and their students engage in

restore a cultural and ecological mindfulness and create unique, storied landscapes with a

Hawaiian sense of place.

Teacher interest in using mapping technologies to create their own maps of winds and

other place-based phenomena inspired the College of Education’s first mapping class in

fall 2013. In Hawai‘i, a twenty first century ecological mindfulness is developing upon on a
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firm indigenous foundation, constructed with new and traditional tools and oriented to

issues of concern to students and communities.
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I Ka Nu.u project reflects the support of NSF colleagues and community partners. Thank you.

References
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