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Preface

This volume was conceptualized in January 2017. At that time, we were all at 
Barnard College and María reached out to Hilary and Stephanie about advancing 
the teaching of environmental justice across the curriculum. We sought to run a 
Willen Seminar at Barnard—a convening of faculty around a common interest—
and sent out a call for chapters. In the Willen Seminar, we would explore how 
engaging in environmental research also means grappling with questions of justice 
and sustainability. We also hoped to explore the limitations of human inquiry, 
human impacts upon the environment and how to mitigate them, implications for 
human and ecosystem health, and, ultimately, the rights of future generations. At a 
time when science was increasingly being called into contention (the first March for 
Science was held April 22, 2017), especially with respect to climate science, we 
believed there was a need for scientists and those whose research connected to envi-
ronmental issues to explore common ground and consider the implications for 
teaching the next generation.

The Willen Seminar was held during the 2017–2018 academic year with four 
meetings per semester. The seminar gathered faculty in the sciences, social sci-
ences, and education from Barnard and Columbia who were working with issues of 
the environment and/or environmental justice to explore the literature on ecojustice 
and share research and teaching strategies. Seminar sessions investigated the con-
nections between research and teaching in the classroom, the research laboratory, 
and in the field and how the faculty members were navigating the complexities of 
particular environmental science issues, such as climate change, water quality, soil 
health, urban environments, and biodiversity, in ways that conveyed their complex-
ity, the real sociopolitical context, and their hope for the future. We focused on top-
ics such as what is ecojustice, connecting ecojustice research and teaching, and had 
presentations from several potential contributors to the volume.

At around the same time, a campus-wide effort from 2016 to 2018 worked on 
defining the college’s climate leadership, and later sustainability leadership, through 
a 360-degree approach to academics, finance and governance, and campus culture 
and operations with attention to the role of women, people of color, and low-income 
communities. A significant commitment was made in the spring of 2017, when 
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Barnard announced an innovative approach to divestment. “In a first for any college 
in the nation, Barnard will divest from fossil fuel companies that deny climate sci-
ence or otherwise seek to thwart efforts to mitigate the impact of climate change.”1 
This approach was developed by a Presidential Task Force to Examine Divestment, 
which was established in response to a student-led campaign by the group Divest 
Barnard. Grounded in the diverse perspectives of the faculty, students, administra-
tors, board members, and facilities representatives on the Task Force, their recom-
mendations approached the issue from a new direction, one that was authentic to 
Barnard College: our mission and our context.

Following on the divestment discussions, during the 2017–2018 academic year, 
the Sustainable Practices Committee at Barnard held a workshop series to develop 
a shared climate action vision statement. These discussions culminated in Barnard’s 
Climate Action Vision 2019 which recommended that Barnard provide pedagogical 
support for faculty to create new courses or adapt existing ones with the goal that 
100% of students would participate in a sustainability class or event each year.2

Coming out of these separate but complementary faculty dialogues across the 
year, it became apparent that the overarching concept that connected all our 
work was sustainability, and that justice, inclusion, and authenticity were cen-
tral to ways in which we approached the work as scientists, social scientists, and 
educators. Thus, we decided to focus our attention in this volume on teaching 
sustainability in authentic, inclusive, and just ways—themes that are threaded 
through the chapters.

As we were gathering manuscripts, life happened. First, one of us needed succes-
sive medical treatments beginning in 2016, each of which took a further toll, and 
one of us took a new position in 2018. Then, in 2020, COVID-19 hit New York 
City—and one of us very hard—losing a partner to this disease further compelled a 
focus on protecting life.

2020 was also transformative in raising attention around the country to systemic 
issues of racism and justice. The Black Lives Matter movement and the disparate 
effects of the pandemic further reinforced issues of justice as life and death.

2020 also showed unmistakable signs of climate change with intense wildfires in 
Australia and the USA, catastrophic flooding in China and the USA, the most active 
hurricane season on record for the Atlantic Ocean with 30 named storms, and 
record-breaking heat and storms in Europe and the Arctic, with a temperature over 
100 degrees in Siberia.

The following year, Barnard convened Sustaining Curricula 2021, a series of 
four interdisciplinary faculty panels at Barnard College that took place virtually 
during the Spring semester. The panels encouraged faculty integration of climate 
action, sustainability, and the environment into their courses, with collaboration and 
pedagogical exchange across the disciplines.

1 Barnard magazine, Spring 2017 https://barnard.edu/magazine/spring-2017/divesting-deniers; 
also see Union of Concerned Scientists, 2017 https://blog.ucsusa.org/kathy-mulvey/barnard- 
college-to-divest-from-fossil-fuel-companies-that-deny-climate-science/
2 https://barnard.edu/sites/default/files/inline-files/ClimateActionVision-2019-final-5.pdf
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These events and experiences strengthened our focus in new ways—not only did 
we want this Environmental Discourses volume to address teaching the subject mat-
ter of sustainability in authentic, inclusive, and just ways, but we also wanted to 
consider the process and institutional aspects of teaching, and the human side of the 
people involved—the faculty, students, and staff. To this end, we reached out to 
additional BIPOC colleagues to gain more diverse perspectives, and included the 
Barnard Sustaining Curricula panel discussions in this volume.

As we draw this project to completion, we hope that the voices and experiences 
we bring together in this volume point to the challenges as well as the possibilities 
of doing authentic and inclusive work for sustainability and justice in the context of 
our curricula, our students, our institutions, our communities, and our world.

New York, NY, USA� María S. Rivera Maulucci

Tempe, AZ, USA� Stephanie Pfirman

New York, NY, USA� Hilary S. Callahan

Preface
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Chapter 1
Education for Sustainability: Connecting 
with Signs of Hope

María S. Rivera Maulucci, Stephanie Pfirman, and Hilary S. Callahan

1.1 � Setting the Scene

In 2017 when this project began, hardly a week went by without some headline or 
another testifying to environmental justice issues. For example, “Storms hit poorer 
people harder from superstorm Sandy to Hurricane Maria” (Sellers, 2017) and 
“Urban noise pollution is worst in poor and minority neighborhoods and segregated 
cities” (Casey et al., 2017). We saw regular headlines about climate change, such as, 
“Federal scientists call the warming of the Arctic ‘unprecedented over the last 
1500  years’” (Mooney, 2017)  and “2017: The year climate change hit” (Banos 
Ruiz, 2017). We also saw headlines reporting attacks on science and scientists. 
“Climate scientists face harassment, threats and fears of ‘McCarthyist attacks’” 
(Milman, 2017). These attacks led to “Tens of thousands march[ing] for science and 
against threats to climate research” (Cushman, 2017).

Fast-forward 5 years to the completion of this project and the headlines for 2021 
show problems still abound, but some signs of hope are recognized. For example, 
“How much air pollution do you live with? It may depend on your skin color.” 
(McCormick, 2021) contrasts with the “EPA gets serious about environmental jus-
tice” (Macfarlan et al., 2021). “Climate change [is] widespread, rapid, and intensi-
fying – IPCC” (IPCC, 2021) contrasts with, “COP26 news: Coal phase-out boosts 
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hope for limiting warming to 1.5 °C” (Marshall et al., 2021). “‘We’re heartbroken. 
We’re overwhelmed’ – U.S. hospitals grapple with delta outbreak as omicron takes 
root” (Kimball et al., 2021) appears alongside, “How Puerto Rico became the most 
vaccinated place in America” (Narea, 2021).

In the context of a rapidly-warming world, a global pandemic, systemic racism 
and environmental racism, as science researchers and educators, we recognize an 
urgent need for comprehensive sustainability and environmental justice education. 
We also recognize the special role that higher education can and should play in the 
creation of a sustainable future. In particular, higher education must challenge sev-
eral prevailing assumptions (Cortese, 2003, p. 17):

•	 Humans are the dominant species and separate from the rest of nature.
•	 Resources are free and inexhaustible.
•	 Earth’s ecosystems can assimilate all human impacts.
•	 Technology will solve most of society’s problems.
•	 All human needs and wants can be met through material means.
•	 Individual success is independent of the health and well-being of communities, 

cultures, and the life support system.

To challenge these assumptions and achieve a holistic vision of education for sus-
tainability that attends to viability, feasibility, durability, wholeness, and scale-
sensitivity, we must thoughtfully and carefully address issues of justice, inclusion, 
and authenticity. Justice includes commitments to integrity, civil and human rights, 
fairness, and equity. Inclusion unpacks how we involve, incorporate, and weave 
together diverse stakeholders and perspectives and foster a sense of belonging. 
Finally, authenticity deepens our understanding of the genuineness, originality, 
credibility, and trustworthiness of our different approaches to sustainability.

In this volume, we gather voices from natural sciences, social sciences and the 
humanities, educators, administrators, staff, and students. Contributions range from 
life in the universe, climate change, volcanoes, birds, honey bees, microbiology, and 
the chemistry of lead, to green roofs, Bio Blitzes, science teacher education, and 
higher education. The work takes place in the community, at institutions, across 
institutions, and in the field, the classroom, the lab, and even within personal lives. 
Time scales range from billions to hundreds of thousands of years, to the historical, 
decadal, present, and projected and predicted future. Formats include reviews, per-
sonal essays, project narratives, curriculum reflections, interviews, panel discus-
sions, and group conversations. The chapters explore sustainability and 
environmental justice through a focus on the subject matter (what to teach or 
research), the process (how to teach or motivate students and stakeholders to care 
about sustainability), and the people (who teaches, who learns, and who matters in 
education for sustainability). That said, this volume has an admittedly STEM foun-
dation – in part due to the background of the editors – but also because many faculty 
come to sustainability from the natural sciences. All tell the story of their learning 
as they grapple with teaching for sustainability with authenticity, inclusivity and 
justice.

M. S. Rivera Maulucci et al.
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Part I of the book focuses on how we frame and reframe sustainability and envi-
ronmental justice through a historical lens (María Rivera Maulucci, Chap. 2), the 
lens of diversity in academia (Shirley-Ann Behravesh, Chap. 3), an intersectional 
lens (Angelica E. Patterson, Tanisha M. Williams, Jorge Ramos, Suzanne Pierre, 
Chap. 4), a critique of ecology’s white nationalism problem (Ralph Ghoche and 
Unyimeabasi Udoh, Chap. 5), and the lens of science teacher education (María 
S. Rivera Maulucci, Chap. 6). Together, these chapters explore the fraught history 
(Ghoche and Udoh; Rivera Maulucci) and present-day experiences of academics 
grappling with sustainability in authentic, inclusive, and just ways (Behravesh; 
Patterson et al.; Rivera Maulucci). Concerning the student experience, “Education 
for Sustainability can help us answer the timeless question, ‘Why are we learning 
this.’ … Students also see that sustainability pathways can expand their ideas about 
the meaning and relevance…” of the subject (Rivera Maulucci, Chap. 6). On the 
other hand, a feeling of responsibility for relevance and inclusivity can wear on 
Black, Indigenous, and People of Color (BIPOC) faculty. Through contributing to 
numerous department, university, and community committees, along with stepping 
up to informally mentor students, etc., as the only Black faculty member in her unit, 
Behravesh found that she lost traction towards her goal of academic advancement. 
“[B]y appearing to take everything in stride – I also made my efforts, and the toll it 
was taking on me, invisible.” In her discussion with colleagues of color, Williams 
explains that, “… being the color we are, from the cultures we are from, and having 
the experiences we have, [means] we are not just scientists. We are actually doing 
justice work just by showing up” (Patterson et al.).

Part II of the book explores sustainability and ecological perspectives on biodi-
versity. The chapters delve into sustainability issues surrounding the purpose of 
ex-situ conservation, specifically in greenhouse collections (Nick Gershberg, Chap. 
7), cell biology and saving pollinators (Jonathan W. Snow, Chap. 8) finding the most 
important places for birds (Terryanne Maenza-Gmelch, Chap. 9), the local ecology 
of New  York City green roofs (Matthew Rhodes, Krista McGuire, Katherine 
L. Shek, and Tejashree S. Gopal), conducting urban BioBlitzes (Kelly O’Donnell 
and Lisa Brundage, Chap. 11), and using game-based learning to engage students in 
learning about the human microbiome (Emma Ruskin and Tal Danino, Chap. 12). 
These chapters provide classroom and field-based examples of using experiences to 
engage students authentically.

Rhodes et al. note “… we intended for our students to gain a deeper understand-
ing of these ecological challenges in the city in which they lived and achieve a more 
personal connection to their laboratory research projects.” Both Maenza-Gmelch 
and Snow discuss teaching reciprocity – that managing the environment for non-
humans, also protects it for ourselves. Snow explains “… an environment that is 
healthy for pollinators is also healthy for people. So you automatically get into 
aspects of climate justice, and where people live, and how the environment they are 
in is going to impact their health.”

O’Donnell and Brundage and Ruskin and Danino also consider justice, but from 
a knowledge access perspective, “…we consider providing all students, whether 
they will become scientists or not, with foundational knowledge to navigate the 
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scientific information they will encounter in day-to-day life to be a pressing social 
justice matter.” (O’Donnell and Brundage).

Part III of the book investigates sustainability and environmental justice perspec-
tives in undergraduate science education. The chapters explore the chemistry and 
pedagogy of environmental lead exposure (Rachel Narehood Austin, Ann 
McDermott, Katrina Korfmacher, Laura Arbelaez, Jamie Bousleiman, Arminda 
Downey-Mavromatis, Rahma Elsiesy, Sohee Ki, Meena Rao, and Shoshana 
Williams, Chap. 13), Brownfield Action, a web-based active learning simulation 
(Peter Bower and Sedelia Rodriguez, Chap. 14), integrating ecojustice principles 
into ecology and environmental science courses (Mary A.  Heskel and Jennings 
G.  A. Mergenthal, Chap. 15), and using plant science in the UNPAK project 
(Undergraduates Phenotyping Arabidopsis Knockouts) to expand critical thinking 
skills and meaningful personal relationships, both so necessary for journeying from 
classes and on-campus research toward careers and life’s other challenges. (Hilary 
S. Callahan, Michael Wolyniak, Matthew Rutter, Courtney Murren, April Bisner, 
and Jennifer Jo Thompson, Chap. 16).

Each chapter addresses experiences with changing perspectives on teaching. 
Wolyniak of the UNPAK project emphasizes integrating classroom and independent 
experiences, crucial for allowing college students “to participate in the research 
regardless of their previous background and experience. This is a powerful tool … 
[to] inspire many more students than I could have before, and to attract people who 
may have slipped through the cracks.” Heskel and Merganthal, also working on a 
college campus, discuss a fundamental shift in teacher orientation. While our teach-
ing “… often recognize[s] the importance of human systems and their effects … It 
is less common for professors to expand into the structural inequalities of human 
systems and how they shape the science we practice and the content we deliver.”

Austin et al. caution,

…talking about issues of social justice in the classroom requires a skilled facilitator. College 
science teachers may not be trained or experienced in moderating such difficult conversa-
tions. It can be helpful to lay out some guidelines for talking about racism, equity, and jus-
tice at the beginning of the class, particularly that their colleagues and community members 
may have very different life experiences and perspectives… It is important to remind stu-
dents to remain humble and to acknowledge how much they do not know about diverse 
communities’ experiences and multidisciplinary perspectives. It can be challenging to bal-
ance this message while also encouraging students to become as confident of their basic 
scientific skills as quickly as they can.

Part IV of the book zooms in on climate change, engagement, politics, and action 
from the perspective of teaching about astronomy (Laura Kay and Kassandra Fuiten, 
Chap. 17), volcanoes (Sedelia Rodriguez and Kassandra Fuiten, Chap. 18), two 
decades of evolving approaches to teaching about climate change in environmental 
science (Stephanie Pfirman and Gisela Winckler, Chap. 19), and the process of 
building a circular campus at Barnard College (Sandra Goldmark, Leslie Raucher, 
and Ana Cardenas, Chap. 20). Kay and Fuiten and Rodriguez and Fuiton integrate 
teaching about climate change into their teaching of astronomy and volcanoes. Kay 
notes, “It is certainly an environmental justice issue to keep Earth habitable for 
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humans! There is no way we can relocate everyone to another planet in the foresee-
able future.” Rodriguez talks about intentionality in connecting students with their 
environments.

I think that teaching students about the natural world is especially important because hope-
fully as they look more at their environment, they will appreciate it more and want to pre-
serve it. Knowing what happens naturally helps plan for a sustainable community. We can’t 
control everything – what can we not change? What do we need to work around? When you 
don’t understand the natural world, it’s harder to fight for it. Knowledge about the environ-
ment becomes a vehicle for activism.

Pfirman and Winckler tackle the political polarization of climate change 
“…explor[ing] how faculty who taught [a course in] climate over the years responded 
to [a] shifting landscape of both external context and internal responses.” They 
explain that

While scientists teaching about evolution have long had to face these issues, the rest of the 
scientific community was largely distanced from being confronted with questions about 
their opinions or positions, versus facts or a scientific consensus. For those who were teach-
ing about climate, this was an unusual, and sometimes uncomfortable, situation. … [We] 
needed to learn how to address these differences with authenticity – congruent with who we 
are, and our own values – both in the classroom and beyond.

Goldmark et al. bring the need for action outside of the classroom home, stating 
“building a circular campus becomes about more than recycling, waste, or even 
greenhouse gas emissions; it is about creating a more equitable and just community.”

Finally, Part V brings us up to Spring 2021 with an introduction and series of 
edited transcripts from sustaining curricula conversations held at Barnard over 
Zoom due to the pandemic. These conversations brought faculty and students 
together to explore how sustainability was being integrated into the undergraduate 
curriculum. The introduction to the panel discussions (Jennifer Rosales, Chap. 20) 
provides an overview of the campus initiatives leading up to the interdisciplinary 
faculty panels and an explanation of themes for each panel. The first panel (Orlando 
Betancor, Carl Wennerlind, Hilary Callahan, Yuval Dinoor, Rachel Elkis, Chap. 22) 
addresses the theme of theorizing the environment from the perspective of History, 
Spanish and Latin American Cultures, and Ecology. The second panel (Angelo 
Caglioti, Andrew Crowther, Jonathan Snow, María S.  Rivera Maulucci, Yuval 
Dinoor, Aastha Jain, Chap. 23) takes up the theme of climate change and the 
Anthropocene from the perspective of Environmental History, Chemistry, Biology, 
and Science Education. The third panel (Elizabeth M. Cook, Manu Karuka, Angela 
M. Simms, Joscelyn Jurich (Ed.) Yuval Dinoor, Rachel Elkis, Chap. 24) focuses on 
environmental justice. The fourth panel discussion (Kadambari Baxi, Sandra 
Goldmark, Martin Stute, Joscelyn Jurich (Ed.), Linda Chen, Olivia Wang, Chap. 25) 
takes up the challenge of decarbonization and design.

Wennerlind (Panel 1) reminds us of the foundation for our historical trajec-
tory. It is

…essential to deconstruct the notion of scarcity and point out that it is based on assump-
tions made in the 1870s, grounded in very limited psychological or anthropological 
research. It was just analytically convenient to assume that human desires are insatiable and 
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that people are mostly focused on consumption. While this way of thinking fostered behav-
ior and policies conducive to economic growth, our present challenge is to build a social 
science that is conducive to more sustainable practices.

Karuka (Panel 3) connects a history of consumption to a need for a new emphasis 
on justice. He notes, “[in] addition to these broader overarching themes of imperial-
ism, racism, and colonialism, I think environmental justice is also a way to think 
about place and our relationships and responsibilities to place.”

Cagliotti (Panel 2) moves from responsibility to empowerment and personal 
action, explaining,

When you try to examine such a global issue, an issue that has so many facets and so many 
angles, it is easy to feel a little bit powerless in a sense, and to say, “Okay, so what can I 
do?” The goal of teaching a subject like this is to empower students and make them feel that 
precisely because this is such a global issue with so many facets, that regardless of the 
discipline that you are studying, regardless of your major, or regardless of what you will be 
doing after college, for example, or regardless of your locality…or where you are situated 
geographically, where is your community? You can always make an impact, from any angle 
if you can think globally and act locally to use a very common expression.

Stute (Panel 4), in reference to tackling climate change, says “… we have to move 
people’s minds, we have to generate some groundswell of support for these massive 
changes we have to see in the future of our lives.”

This volume will point to some of the ways we see hope grounded in the difficult, 
meaningful work of each of the contributors as they strive for a more sustainable 
future by teaching sustainability with authenticity, inclusion, and justice.
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Chapter 2
A History of Ecojustice and Sustainability: 
The Place Where Two Rivers Meet

María S. Rivera Maulucci

2.1 � Mamaroneck Land Acknowledgement

I am writing to you from the Village of Mamaroneck, New York, a place that gets its 
name from the Munsee Lenape language of the people who first lived in the region. 
Mamaroneck is a coastal village and town on the Long Island Sound in Westchester 
County, New  York. According to local lore, the area that is now the town of 
Mamaroneck was “purchased” from the Native American Chief, Wappaquewam, 
and his brother, Manhatahan, of the Siwanoy tribe, by an Englishman, John 
Richbell, in 1661. As with many other places, there is a memorial plaque and art-
work commemorating this event. There is some disagreement about the historical 
accuracy of the tribe name, Siwanoy, which may be a corruption of Siwanak, or “salt 
people.” Due to removal, intermarriage, assimilation, and erasure of the Native 
American people from the area, we cannot know for sure if the name is one that was 
given to people living in this area by settlers rather than one that the people used for 
themselves at the time.

The name, Mamaroneck, is most likely derived from the Munsee, maamaalahn-
eek which means “striped stream,” which comes from maamaaleew, “to be striped.” 
I wondered if the river may have been called striped because, towards the mouth of 
the river, where it flows into the Mamaroneck Harbor and the Long Island Sound, 
both freshwaters from the land and saltwater from the sea meet and mix. Then, I 
came across a reference that stated that Mamaroneck means, “the place where the 
sweet waters fall into the sea” (Scarsdale Inquirer, 1936).

I begin with this land acknowledgment because I am about to share a chapter that 
explores the history of the ecojustice and sustainability movements. I cannot write 
about this history and these issues without acknowledging the ways in which they 
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intersect with the place I am writing from. Mamaroneck exists as a result of settler 
colonialism. Today, parts of the Village that have historically had issues with flood-
ing are under a deeper threat due to climate change. The Village sits on both sides 
of the Mamaroneck River, which is joined by the smaller Sheldrake River before 
emptying into the Long Island Sound. In September 2021, the Village suffered cata-
strophic flooding during the remnants of Hurricane Ida. One Mamaroneck resident 
died and there were more than 150 water rescues, 535 flooded homes, 1000 people 
displaced, 310 abandoned cars, and $93 million in Village, residential, and com-
mercial damage (Edwards, 2021). Mayor Tom Murphy said, “As we know, global 
warming is getting worse. The storms are coming with greater rapidity and greater 
intensity. And here in the Village of Mamaroneck, especially in some of the neigh-
borhoods that abut the rivers, [we] are at the epicenter, the bullseye, the cutting edge 
of climate change” (News 12 Bronx, 2021).

Ecojustice is salient to this story because Mamaroneck has about 19,000 resi-
dents, 65% of whom identify as White only, 5% Black, 4% Asian, and 25% Hispanic 
or Latino of whom 15% identify as White (US Census, 2019a). The median house-
hold income is $102,000, and the median home value is $623,000. Twenty-five days 
after the flood, New York State Senator Chuck Schumer announced that they had 
secured federal approval for the Mamaroneck and Sheldrake River Flood Risk 
Management Project (News 12 Bronx, 2021). This $100 million project will deepen 
and widen the rivers to slow flooding and remove bridges that currently constrict 
river flow.

Climate resiliency is a central ecojustice and sustainable development issue, and 
we have to ensure that the poor who are most vulnerable have adequate support for 
mitigation and adaptation efforts. When Hurricane Maria hit the island of Puerto 
Rico in 2017 with devastating force, a report from researchers at George Washington 
University’s Milken Institute found that there were more than 2975 excess deaths in 
the 5 months following the hurricane (Santos-Burgoa et al., 2018). Importantly, they 
compared the number of deaths in each month to the comparable number in prior 
years and they took into account the number of people who left the island after the 
disaster. Dean, Lynn R. Goldman (2018), explained:

We do not know the exact circumstances around each of the 2,975 excess deaths that 
occurred. Many factors – disruption in transportation, access to food, water, medications, 
power, and other essentials – may have contributed. In interviews, we heard many heart-
breaking stories of families struggling to obtain emergency health care, power for medical 
devices, prescription drugs, or even food and drinking water. This is why we were not sur-
prised to find that the highest rates of excess deaths occurred among those living in the 
poorest municipalities, as well as those over the age of 65, especially men.

In Loiza, Puerto Rico, a town of comparable size to Mamaroneck, with a population 
of 25,400 and a median income of $17,900 (US Census Bureau, 2019b), Amnesty 
International (2018) reported that a year later, 350 houses still had blue tarps cover-
ing the roofs. Thus a year after the disaster, American citizens living in this town 
still needed roofs! It is not hard to find headlines that show how the poor and mar-
ginalized are grievously and disproportionately impacted by climate change, the 
pandemic, or other environmental issues.
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In the rest of this chapter, I provide a history of the sustainability and ecojustice 
movements, primarily in the United States. This history serves as a basis for under-
standing the discourses that are taken up in this volume. I begin with a sketch of the 
roots of the concept of sustainability and the early years of the environmental justice 
movement from 1962 to the early 1970s when the term ecojustice came into use. 
The third section picks up in 1979 with the case of Bean v. Southern Waste 
Management and moves through the early 1990s. The fourth part brings us up to the 
present day. In these sections, I seek to demonstrate how two streams of thought and 
action: ecojustice and sustainability have come together and inform each other in 
contemporary times.

2.2 � Sustainability: A Concept Rooted in Forest Management

Jeremy L.  Caradonna (2014) provides a history of sustainability that begins in 
Seventeenth-Century Europe when forests were on the decline. Timber and other 
forest products formed the basis of a pre-industrial economy that needed wood for 
hearth and home, for cooking and heating, for fruits, nuts, berries, fodder, glue, tan-
ning products, glass-making, metal-work, charcoal, hunting, and importantly, ship-
building. Populations were growing, placing further demands on a dwindling 
resource that was urgently needed for naval and state power. In 1664, John Evelyn, 
a founding member of the Royal Society in England wrote Sylva, or a Discourse of 
Forest Trees, and the Propagation of Timber in His Majesty’s Dominions,1 in which 
he decried the loss of woodlands and offered recommendations to replant and refor-
est the landscape. In 1669, Jean-Baptiste Colbert, the minister of Finances under 
Louis XIV in France issued Ordonnance sur le fait des Eaux et Forêts,2 “a forest 
code that became the model of ‘rationalized’ state forestry for governments all over 
Europe and beyond” (Caradonna, 2014, p. 34).

Inspired by Colbert’s treatise, in 1713 Hans Carl von Carlowitz, a royal mining 
administrator of Saxony, Germany, wrote a forestry manual, Sylvicultura oeconom-
ica, oder haußwirthliche Nachricht und Naturmäßige Anweisung zur wilden Baum-
Zucht.3 This text explored the intensive cultivation of wild trees and forests, 
including seed collection, planting, and harvesting, and thus, for the first time, pro-
posed the concept of sustained-yield forestry. For example, Carlowitz wrote, “We 
must aim for a continuous, resilient, and sustainable use, because [forests] are an 
indispensable thing, without which the country and its forges could not exist” 
(Carlowitz, 1713, p. 106, in Caradonna, 2014).

1 Evelyn, J. (1664). Sylva, or a Discourse of Forest Trees, and the Propagation of Timber in His 
Majesty’s Dominions. London: Allestry and Martyn.
2 Colbert, J. (1669). Ordonnance sur le fait des Eaux et Forêts. Paris: Chez P. Le Petit, 1669.
3 Carlowitz, H.C. (1713). Sylvicultura oeconomica, oder haußwirthliche Nachricht und 
Naturmäßige Anweisung zur wilden Baum-Zucht. Leipzig: Braun.
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It is important to note that during this time, many Indigenous societies were 
already using forests resiliently and sustainably and had done so for thousands of 
years. For example, in Changes in the Land, William Cronon (1983) explains that 
Native Americans in New England lived sustainably in part because the people took 
advantage of seasonal abundances by moving from inland areas where they hunted 
game and harvested nuts, berries, and many other plants, to the coast where they 
could take advantage of fish spawns and shellfish beds. Their hunter-gatherer life-
style reduced human demands on the ecosystem and made sure no species of plants 
or animals were overused. Taking advantage of the ecological diversity available as 
the seasons unfolded, including a wide array of medicinal plants, allowed Native 
Americans to thrive.

In southern New England, where agricultural practices were adopted, grain could 
be stored through winter making starvation less of a problem and these Native 
American groups had larger population densities. They worked the ground with 
clamshell hoes, raising heaps in which they sowed the seeds stored from the previ-
ous harvest. Their low-impact methods left the soil more intact and less prone to 
erosion. In addition, they interplanted corn, squash, and beans, allowing each crop 
to contribute to the success of the others. The squash kept weeds to a minimum and 
preserved soil moisture, the corn served as a pole for the beans, and the beans as we 
now know, fixed nitrogen, enriching the soil. When fields became less productive, 
in about 8–10 years, they moved to another location. Summer camps were located 
near the fields and winter camps were located in areas where game animals would 
be more plentiful. By moving camps, they could take advantage of new fuel sources 
which were needed for cooking and heating.

Another forest management practice involved burning extensive areas once or 
twice a year in spring and fall to keep the forests open and park-like. According to 
Cronon (1983), this practice resulted in “a forest of large, widely spaced trees, few 
shrubs, and much grass and herbage.” With reduced fuel on the ground, the low-
temperature fires burned quickly and extinguished themselves, rarely burning out of 
control. The practice of selective burning made hunting and travel through the for-
ests easier, allowed plants to grow more lushly in the nutrient-rich soils, created 
conditions favorable for berries and other foods, produced edge and meadow habitat 
with lush growth to support a variety of wildlife, such as elk, deer, hare, turkey, and 
quail, and reduced plant diseases, pests, and fleas. Thus, burning purposefully cre-
ated abundant game and foods for hunting and gathering.

In a similar way, Jared Diamond (2011) describes how people have lived sustain-
ably in the highlands of New Guinea for about 46,000 years, raising pigs and chick-
ens and growing taro, bananas, yams, sugarcane, and sweet potatoes, with terraced 
gardens, vertical drainage ditches, and other agricultural practices uniquely suited 
to a region prone to earthquakes, landslides, and as much as 400 inches of rain per 
year. Central to the New Guineans’ success is their practice of silviculture, or the 
intentional planting and careful nurturing of the casuarina tree on a large scale, from 
which they obtain the bulk of their wood products for homes, fences, utensils, weap-
ons, and fuel. The tree is a fast-growing hardwood with root nodules that fix nitro-
gen and a heavy leaf fall that together enrich the soil. The trees reduce erosion, 
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provide shade, and are enjoyed for the sound they make when the wind blows 
through their leaves. Also during this time, the Tokugawa Shogunate in Japan 
addressed deforestation by urging people to plant seedlings, conducting forest 
inventories, regulating the use of wooded areas, developing forest plantations, and 
engaging in forest practices to address the imbalance between cutting and produc-
ing trees (Diamond, 2011). Finally, places like India, China, and Taiwan also devel-
oped state-sponsored forest conservation efforts similar to those in Europe (cf. 
Grove, 1997).

Richard H. Grove (1997) documents further lessons that were learned during the 
colonial period as rapidly deforested tropical islands such as Jamaica, St. Helena, 
St. Vincent, Barbados, and Mauritius showed the adverse impacts of deforestation 
on the local climate, flora, fauna, and hydrology in a relatively short period of time. 
The denuded landscapes were hotter and more prone to drought and erosion. 
Although island conservation efforts were driven primarily by economic concerns, 
such as impacts on sugar production, island bureaucrats were among the first people 
to realize that human activity can have an impact on the local climate (Grove, 1997). 
Thus, Caradonna (2014, p. 45) notes that “sustainability [at this time] traces its roots 
primarily to imperialists…who cared very little about nature or social justice and 
very much about state power, industrialization, and profit.”

The industrial revolution and colonialism were marked by a rapacious appetite 
for natural resources and rapid depletion of forests in colonial territories and the 
United States. Gifford Pinchot, the first chief of the US Forest Service, pushed for 
sustainable forestry, or the management of forests for natural resource consumption 
(Caradonna, 2014). Pinchot had studied at the forestry school in Nancy, Germany, 
and his leadership set the precedent for managing federal lands from a utilitarian 
and economic perspective which valued forests for their timber and natural resources 
rather than their beauty and other ecosystem services. By the 1900s, critics such as 
George Perkins Marsh, who  condemned the reckless destruction of the natural 
world, and John Muir, who advocated for the preservation of wild places, widely 
denounced the focus on utilitarian and economic perspectives (Caradonna, 2014). As 
we will see in the next section, these utilitarian and economic perspectives also came 
into conflict with poor, Latino, Black, and Indigenous communities who were bear-
ing the brunt of the impacts of industrialization on the environment.

2.3 � Civil Rights, Ecojustice, and Environmental Protection

In many ways, the ecojustice movement in the US was born out of an ongoing 
struggle for civil and human rights that coalesced around issues of environmental 
racism (cf. Garcia, 2016; Bullard & Johnson, 2009). Environmental justice seeks 
equal treatment with respect to environmental laws and regulations, whereas eco-
justice, or ecological justice, recognizes and tries to address the deeper social issues 
and ecological concerns embedded in environmental problems within communities 
(Maranda & Bermel, 2020).
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In 1962, two different labor organizations formed in rural California to secure 
better wages, health care, and living conditions for farmworkers, the Agricultural 
Workers Organizing Committee (AWOC), led by Larry Itliong, a Filipino labor 
organizer, and the National Farm Workers Association (NFWA), led by César 
Estrada Chávez and Dolores Huerta, Mexican labor organizers (Garcia, 2016). The 
passing of the Civil Rights Act in 1964 galvanized Latinx and Filipino communities 
that had been organizing around themes of racial and social justice. In September 
1965, AWOC initiated a series of strikes against grape growers in Delano, CA. A 
week later, the NFWA began to strike in solidarity with the AWOC. Then, in 1966, 
the two organizations merged to create the United Farm Workers Organizing 
Committee (UFWOC). The organization embraced nonviolent means of protest. For 
example, in the Spring of 1966, Chávez organized a pilgrimage from Delano to 
Sacramento, CA. While his supporters sang Mexican protest songs, Chávez walked 
barefoot along the highways to draw converts and media attention to the cause. Dr. 
Martin Luther King sent Chávez a telegram saying, “Our separate struggles are 
really one – a struggle for freedom, for dignity and for humanity” (Ott, 2019).

Chávez and his supporters began organizing boycotts of grape products, espe-
cially wine and table grapes sold in stores, an approach that was widely regarded as 
a turning point in the movement (Garcia, 2016). The boycotts spread across the 
country. For example, in 1968, Dolores Huerta appealed to unions at the Port of 
New York and New Jersey and they were able to block the delivery of grapes to 
New York City. They also initiated secondary boycotts of large chain stores selling 
table grapes, such as the A & P, and were successful in getting the chain to stop sell-
ing grapes in all 430 of its stores. Similar boycotts in other cities were also success-
ful. The Toronto mayor declared November 23, 1968, “Grape Day,” and announced 
that the government would no longer purchase any grapes in solidarity with the 
farmworkers. In Cleveland, OH, Mayor Carl Burton Stokes, the first African 
American to be elected mayor of a major U.S. city, also ordered all government 
facilities to stop serving grapes.

As the boycott dragged on and striking farm workers were subject to egregious, 
racist attacks, some supporters became impatient and began advocating violence 
(Kim, 2017). Chávez began a 25-day hunger strike following the example of 
Mahatma Gandhi. His fast stopped talk of violence and attracted further support 
from Dr. Martin Luther King, who wrote another telegram to him, saying, “I am 
deeply moved by your courage in fasting as your personal sacrifice for justice 
through nonviolence” (Ott, 2019).

In 1969, Chávez gave testimony before the Subcommittee on Labor of the Senate 
Committee On Labor And Public Welfare. He said,

An especially serious problem in agricultural employment is the concerted refusal of grow-
ers even to discuss their use of economic poisons or pesticides. There are signs that several 
members of Congress are becoming increasingly aware of the dangers posed by economic 
poisons to human life and to wildlife, to the air we breathe and the water we drink 
(Chávez, 1969).

The grape boycott stopped the sale of grapes in New York City, Boston, Detroit, 
Chicago, Philadelphia, Montreal, and Toronto and in 1970 led to the first contract 
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between growers and farmworkers in California. Importantly, the contract included 
protection from pesticides. Thus, the movement brought national and international 
attention to the issue of pesticide use and its effects, not only on farmworkers, but 
on their families and communities, and on the consumers who would eat the tainted 
grapes and grape products.

In 1968, Black sanitation workers in Memphis began protesting economic and 
job-safety issues, bringing together labor and civil rights issues (US EPA, 2015a). 
Focused on the dignity of the Black person, the ongoing strike was not resolved 
until after Martin Luther King was assassinated and the mayor agreed to engage in 
collective bargaining. In 1969, the Young Lords, a group of mostly Puerto Rican 
activists in New  York City, organized around the condition of the streets in “El 
Barrio,” a predominantly Puerto Rican neighborhood in East Harlem (Gandy, 2002). 
Matthew Gandy (2002) explained, “Piles of garbage were…routinely ignored by 
the city’s sanitation department, in stark contrast to the pristine sidewalks of affluent 
districts in downtown Manhattan.” In July 1969, The Lords launched the “garbage 
offensive.” Equipped with brooms and garbage bags, they began cleaning the streets 
of their community. By August, the Lords began setting the trash on fire and barri-
cading the streets to protest the piles of garbage that remained uncollected. The 
activists would go on to address other environmental health issues, such as lead 
paint and tuberculosis rates in the community.

In 1970, the National Environmental Protection Act was passed. This ground-
breaking United States legislation is considered the “Magna Carta” of environmen-
tal legislation (cf. Mandelker, 2010). The stated goals of the legislation were, “…to 
create and maintain conditions under which [humans] and nature can exist in pro-
ductive harmony, and fulfill the social, economic, and other requirements of present 
and future generations…” The legislation established that an environmental review 
process would be needed for all federal actions, such as the construction of airports, 
buildings, military complexes, or highways. Despite its goals, the legislation relied 
heavily on impact statements and underestimated the ways in which the complexity 
of ecological systems might make it difficult to predict the impacts of projects 
(Mandelker, 2010). For example, Lapping (1975) noted

Ultimately, full compliance with NEPA's Section 102 may be impossible. The ability to 
measure impact implies the ability to describe an environmental system. It is inherent in the 
understanding of ecosystem dynamics that change is the most basic and significant quality 
of real-world ecosystem behavior.

In addition, early impact statements focused mostly on environmental impacts and 
not as much on impacts on people. For example, Bhatia and Wernham (2008) called 
for integrated health impact statements developed by public health institutions since 
aside from toxic exposures environmental impact statements rarely addressed 
human health in a comprehensive way.

Meanwhile, at a 1970 conference on “War Crimes and the American Conscience,” 
Arthur Galston, an American plant biologist, and bioethicist proposed the term, eco-
cide, to mean “the willful and permanent destruction of [an] environment in which 
a people can live in a manner of their own choosing” (Zierler, 2011). Galston and 
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other scientists had been lobbying at home and abroad against the use of Agent 
Orange as a defoliant during the Vietnam War and considered its use on par with 
other crimes against humanity. Also in 1970, the first Earth Day was celebrated, and 
by the end of that year, the Environmental Protection Agency (EPA) would be estab-
lished and other new environmental laws, including the National Environmental 
Education Act, the Occupational Safety and Health Act, and the Clean Air Act. The 
Clean Water Act would follow in 1972. Importantly, these laws were not passed 
solely for the sake of the environment, rather they were instigated by concerns for 
the impact of environmental degradation on human well-being (Salkin et al., 2012). 
The Marine Mammals Protection Act in passed in 1972 and the Endangered Species 
Act in 1973 began to focus on habitat areas and the function of habitats as 
ecosystems.

While the environmental movement was expanding, the ecojustice movement 
also began to grow due to community and ecumenical interest in environmental and 
social justice issues. Rather than choosing between issues of conservation or pov-
erty, churches and campus ministry programs began to pursue both ecological and 
economic justice goals (Gibson, 2004). As William Gibson (2004, p. 3) eloquently 
maintained, “Concern for the earth and its myriad creatures and systems should not, 
must not, be a turning away from the cause of oppressed and suffering people.” 
Ecojustice has been defined as, “the condition or principle of being just or equitable 
with respect to ecological sustainability and protection of the environment, as well 
as social and economic issues” (Oxford English Dictionary). Although not explic-
itly mentioned in this definition, at its outset, ecojustice was very much an ethic that 
viewed environmental health and wholeness as “inseparable from human well-
being” (Hessel, 2004, p. xii.).

For example, in 1971, Norman J. Faramelli, an Episcopal minister, wrote:

Environmental quality can be achieved by either expansive applications of pollution control 
technology, or by a long-range reduction in the production of material goods. In either case, 
there will be severe repercussions on the poor. The neglect of the poor, and the impact of 
specific ecology solutions on them, are among the weakest links in the ecology movement. 
Thus, the relationship of ecological responsibility to economic justice needs to be explored 
(1971, p. 218).

Faramelli (1971) made it clear that there would be costs to achieving environmental 
quality and that these costs would not be borne equally by the affluent and the poor. 
Technological solutions would increase the costs of production, which could be 
passed on to the consumer through increased prices (Option 1), or costs could be 
borne by the taxpayer if solutions were funded through government subsidies 
(Option 2), since reducing corporate profits (Option 3) was not likely. Faramelli 
explained:

The American dream is rooted in a three-pronged syndrome - an active process of acquisi-
tion, consumption, and disposal. The net result of this process is dissatisfaction which we 
try to solve by repeating the cycle. Hence, an insatiable material appetite makes the wheels 
of American progress go around (Faramelli, 1971, pp. 225–226).
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Environmental activists increasingly understood that surging rates of consumption, 
in the nation, and indeed the world, were unsustainable. At the same time, the envi-
ronmental movement was increasingly criticized for being a predominantly White, 
affluent movement (Faramelli, 1971; See also Ghoche & Udoh, this volume; 
Betancor et al., this volume). A growing distinction was also being made between 
environmentalism, which focused on reducing human impacts to the environment, 
and environmental justice, which focused on remediating the impacts of pollution 
and environmental degradation on communities (both human and nonhuman) suf-
fering adverse impacts from human activity (Carder, 2017).

In 1972, The Club of Rome founded by Aurelio Peccei in 1968, published The 
Limits to Growth (Meadows et al., 1972). This text among others at the time, such 
as Ernst F. Schumacher’s (1973) Small is Beautiful: Economics as if people mat-
tered, and Ezra J. Mishan’s The Cost of Economic Growth, highlighted the costs of 
growth (questioning the idea that all economic growth and development are inher-
ently good), critiqued economic models ignoring the environment (so-called exter-
nalities), derided useless metrics and measurements (such as GDP, a crude measure 
of economic activity rather than the actual health or resilience of the economy), and 
denounced technology worship (the idea that all technology was essentially benign 
without determining whether it would allow humans to live within biophysical lim-
its) (Caradonna, 2014).

In 1977, the National Academy of Sciences (NRC, 1977, p. viii) released a 
report, Energy and Climate, in which they stated, “The principal conclusion of this 
study is that the primary limiting factor on energy production from fossil fuels over 
the next few centuries may turn out to be the climatic effects of the release of carbon 
dioxide.” The report acknowledged that heat, particulates, and especially carbon 
dioxide (CO2) from energy production and use had the potential to modify the 
global climate. In addition the report called for further research on climate, carbon 
dioxide, the atmosphere-ocean-biosphere system, world population, energy con-
sumption, potential renewable resources, potential impacts of climate change on 
food and water resources, and the development of better climate models.

2.4 � Ecojustice, the Fight for Healthy Communities 
and Sustainable Development

In 1979, a group of African American homeowners in suburban Houston protested 
the building of Whispering Pines Sanitary Landfill in their community (Bullard, 
1990). The landfill site would be 1500 feet from a local public school and within 
two miles of six schools. Although the lawsuit, Bean v. Southern Waste Management, 
led by Linda McKeever Bullard, ultimately failed, it was the first case to charge 
environmental discrimination. In 1982, a case in Warren County, North Carolina 
drew national coverage. More than 500 arrests of environmentalists and civil rights 
activists were made during protests of a polychlorinated biphenyl (PCB) landfill 
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planned for construction in a rural African American community. The protests did 
not succeed in halting construction.

In 1980, the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) was passed (US EPA, 2013a). Superfund sites consist of 
“uncontrolled or abandoned hazardous-waste sites as well as accidents, spills, and 
other emergency releases of pollutants and contaminants into the environment” (US 
EPA, 2013a; See also Bower & Rodriguez, this volume). CERCLA gave the EPA 
the authority to identify responsible parties and ensure their participation in the 
cleanup. Meanwhile in 1981, NASA (National Aeronautics and Space 
Administration) scientists, James Hansen et  al. (1981) published their findings 
regarding global climate trends. They noted that globally, the “temperature rose by 
0.2 °C between the middle 1960’s and 1980, yielding a warming of 0.4 °C in the 
past century. This temperature increase is consistent with the calculated greenhouse 
effect due to measured increases of atmospheric carbon dioxide.” Earlier studies 
had already concluded that the increased CO2 was primarily from burning fossil 
fuels (NRC, 1977). The study also established the ways in which climate models 
and confidence in the findings were improving.

Two studies at this time drew a clear link between race and the siting of hazard-
ous waste landfills. The first, Solid Waste Sites and the Black Houston Community 
(Bullard, 1983), conducted by Dr. Robert Bullard (husband to Linda McKeever 
Bullard) investigated the location of municipal waste disposal facilities in Houston. 
Although African Americans only made up 25% of the population of Houston, all 
five city-owned dumps, 80% of city-owned incinerators, and 75% of privately-
owned landfills were located in Black neighborhoods. The second, a 
1983 U.S. General Accounting Office study, Siting of Hazardous Waste Landfills 
and Their Correlation with Racial and Economic Status of Surrounding 
Communities, confirmed that three out of four of the commercial hazardous waste 
landfills in Region 4, which includes eight Southern states, were located in majority 
African American communities. In addition, the percent of people with income 
below the poverty level in the four communities ranged from 26% to 42%, and of 
those, 90–100% were Black.

Meanwhile, in 1986, César E. Chávez started a new boycott with a famous Wrath 
of Grapes speech. In the speech, Chavez said, “The worth of humans is involved 
here” (Chávez, 1986). He also noted:

We farm workers are closest to food production. We were the first to recognize the serious 
health hazards of agriculture pesticides to both consumers and ourselves…Our first con-
tracts banned the use of DDT, DDE, Dieldrin on crops, years before the federal government 
acted. Twenty years later, our contracts still seek to limit the spread of poison in our food 
and fields (Chávez, 1986).

Chávez (1986) called for an immediate ban on the use of Parathion, Phosdrin, 
Dinoseb, Methyl Bromide, and Captan in grape production; a testing program for 
pesticide residues on grapes; free and fair elections for farmworkers to decide 
whether to organize and negotiate contracts; and good faith bargaining.
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A third study of toxic wastes, completed in 1987, Toxic Wastes and Race in the 
United States, by the United Church of Christ (UCC) Commission for Racial 
Justice, expanded the documentation of unequal and discriminatory siting of toxic 
waste facilities across the United States. This study concluded that “Race proved to 
be the most significant among variables tested in association with the location of 
commercial hazardous waste facilities. This represented a consistent national pat-
tern (UCC, p. xii).” Paul Mohai et al. (2009, p. 406) explain, “…hundreds of studies 
conclude that, in general, ethnic minorities, [I]ndigenous persons, people of color, 
and low-income communities confront a higher burden of environmental exposure 
from air, water, and soil pollution from industrialization, militarization, and con-
sumer practices.”

In 1987, the report of the Brundtland Commission, Our Common Future (WCED, 
1987), was released by the United Nations. This report famously defines sustainable 
development as “development that meets the needs of the present without compro-
mising the ability of future generations to meet their own needs.” It is important to 
note that up to this point, development focused on three pillars, peace and national 
security, economic prosperity, and human rights; however, with the addition of the 
modifier, sustainable, the idea took hold  that development must also protect and 
restore the environment (Salkin et al., 2012). At the same time, the term, sustainable 
development, was seen as problematic because development generally implied eco-
nomic growth; however, such growth often happened at the expense of ecological 
sustainability goals. (See Robinson, 2004).

In 1988, West Harlem Environmental Action (WE-ACT) was founded to address 
local environmental justice issues, including the construction of the North River 
Sewage Treatment Plant and a bus depot across from an intermediate school and a 
large housing development. Planners originally sited the sewage plant near 72nd 
street, a predominantly white, upper-middle-class neighborhood, but due to techni-
cal problems and community resistance, they relocated the site to West Harlem. The 
plant spanned eight blocks along the Hudson River, from 137th street to 145th 
street. From the beginning, West Harlem residents dealt with foul odors that were 
particularly potent during the summer months, itchy eyes, shortness of breath, 
asthma, and other respiratory conditions. WE-ACT sued the NYC Department of 
Environmental Protection for operating the plant and in 1993, they won a $1.1 mil-
lion settlement. To this day, driving by if the plant is belching remains unpleasant. 
Bullard (1990) made it clear that NIMBY, “not in my backyard,” often resulted in 
PIBBY, “put in Black’s backyards.”

Also in 1988, The United Nations Environment Programme (UNEP) and the 
World Meteorological Organization (WMO) established the Intergovernmental 
Panel on Climate Change (IPCC), which published its first assessment report in 
1990. This global group joined prominent US scientists, such as NASA scientist 
James Hansen, to form a working group of several hundred scientists from 25 coun-
tries. They concluded that “emissions resulting from human activities are substan-
tially increasing the atmospheric concentrations of the greenhouse” and that 
“Business-as-Usual (Scenario A) emissions… [could result in] a rate of increase of 
global mean temperature during the next century of about 0.3 °C per decade” (IPCC, 
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1990, p. xii). Although uncertainties were recognized regarding the specific timing, 
magnitude, and regional patterns of climate change, nevertheless, warming, sea-
level rise, and climatic changes were expected. At the same time, Pearce et al. (1989, 
p. 10) laid out A Blueprint for a Green Economy for the United Kingdom in which 
they noted:

When our demand for resources and environmental services starts to outstrip the planet’s 
capacity to provide them, then the problems we are storing up for ourselves become excep-
tionally serious…The underlying cause is a way of life which is out of step with the long-
term health of the planet. The solution requires us to dig deep into our reserves of human 
ingenuity: to challenge our own cultural beliefs, economic assumptions, and policy 
frameworks.

According to the authors, a green economy requires a system of environmental 
accounting that respects: “the four interdependent ‘securities’ of nature – energy 
security, water security, food security, and climate security” (p. 22). They explained,

All overlap in complex ways. For example, if we put huge areas of fertile land over for 
production of biofuels to gain energy security or increase climate security, what will be the 
effects on food and water security? Failing to understand how these things mesh together 
ultimately damages us all (p. 22).

Pearce et al. (1989) recognized the inherent tensions regarding what to prioritize 
among the four interdependent securities–energy, water, food, and climate–and the 
concomitant desire to foster economic and social development.

2.5 � EcoJustice and Indigenous Communities: 
Shared Concerns

In 1990, the Indigenous Environmental Network (IEN) was formed with the goal of 
“building the capacity of Indigenous communities and tribal governments to develop 
mechanisms to protect [their] sacred sites, land, water, air, natural resources, the 
health of both [their] people and all living things, and to build economically sustain-
able communities (IEN, 2012).” During this time, as with the above cases, many 
tribal communities were being targeted for large, toxic, municipal, and hazardous 
waste dumps or nuclear storage facilities. At the same time, industrial and mineral 
development on tribal lands was contaminating the soil and water. Indigenous com-
munities began organizing to resist these incursions on tribal lands. Also in 1990, 
Dr. Robert Bullard published Dumping in Dixie, a book that documented the efforts 
of five grassroots efforts of Black communities in the South to address environmen-
tal justice issues including, the siting of municipal landfills and incinerators, a lead 
smelter, and hazardous waste facilities (See also Cook et al., this volume).

That same year, Richard Moore, director of the SouthWest Organizing Project, a 
grassroots advocacy group in Albuquerque, N.M., sent a letter to the Executive 
Directors of the top ten environmental conservation groups, including the Sierra 
Club and the National Resources Defense Council (Durlin, 2010). “Signed by 100 
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cultural, arts, community and religious leaders – all people of color – …the letter 
charged the organizations with a history of ‘racist and exclusionary practices,’ a 
lack of in-house diversity, and an all-around failure to support environmental justice 
efforts” (Durlin, 2010). The letter caught many of the directors by surprise but was 
pivotal in helping some groups begin incorporating environmental justice advocacy, 
such as the Sierra Club.

A year later, delegates from Puerto Rico, Canada, Central, and South America, 
and the Marshall Islands drafted and adopted 17 Principles of Environmental Justice 
at the First National People of Color Environmental Leadership Summit in 
Washington, D.C. (Alston, 2010). Reporting on the summit, Alston (2010, p. 15) 
noted, “Delegates detailed numerous examples where the unilateral policies, activi-
ties, and decision-making practices of environmental organizations have had a neg-
ative impact on the social, economic, and cultural survival of communities of color 
in the United States and around the world.” The principles affirmed the sacredness 
of Mother Earth, demanded that public policy be based on mutual respect and jus-
tice for all peoples, called for ethical and responsible use of land and resources and 
protection from nuclear testing, toxic/hazardous wastes, and poisons, as well as the 
right to political, economic, cultural, and environmental self-determination and par-
ticipation in decision-making. Importantly, the gathering and discussion of ongoing 
struggles “dispel[led] the myth that people of color are not interested in or active on 
issues of the environment” (Alston, 2010, p.  15; also see Patterson et  al., this 
volume).

In 1992, a report from the Environmental Equity Group of the EPA, Environmental 
Equity: Reducing Risk for All Communities, concluded, “The evidence indicates 
that racial minority and low-income populations are disproportionately exposed to 
lead, selected air pollutants, hazardous waste facilities, contaminated fish tissue, 
and agricultural pesticides, in the workplace” (US EPA, 1992). The report defined 
environmental equity as an examination of the differential risk burden borne by low-
income and racial minority communities and how governmental agencies respond. 
As a result of the recommendations in this report, the office of Environmental 
Equity was established and later renamed the Office of Environmental Justice 
in 1994.

Also in 1992, Bunyan Bryant and Paul Mohair, who had established an 
Environmental Justice program at the University of Michigan, published Race and 
the Incidence of Environmental Hazards, a collection of 16 articles that exposed 
examples of environmental inequity from consumption of toxic fish from the Detroit 
River, the fallout from hazardous waste incineration in Louisiana, pesticide expo-
sure among farmworkers, and the effect of uranium production in Navajo communi-
ties. The authors pushed back against the idea that laws and environmental 
regulations equally protected all communities from harmful pollutants.

That same year, the United Nations Conference on Environment and Development, 
also known as the Earth Summit, was held in Rio de Janeiro in June 1992. As part 
of this summit, nations endorsed Agenda 21. The report of the summit clearly noted:
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Poverty and environmental degradation are closely interrelated. While poverty results in 
certain kinds of environmental stress, the major cause of the continued deterioration of the 
global environment is the unsustainable pattern of consumption and production, particu-
larly in industrialized countries, which is a matter of grave concern, aggravating poverty 
and imbalances (UNCED, 1992).

The recommendations of Agenda 21 were non-binding but they called for nations to 
act locally and in partnership with other nations to foster more sustainable develop-
ment (UNCED, 1992). Also in 1992, William E.  Rees and Mathis Wackernagel 
(Rees, 1992; Wackernagel & Rees, 1996) developed the concept of an “ecological 
footprint,” or how much land is required to support the standard of living of a city’s 
population. Rees (1992) made it clear that the ecological footprint of a city is sev-
eral orders of magnitude larger than the geographical footprint.

In 1993, the National Environmental Justice Advisory Council (NEJAC) was 
established as an advisory committee to the EPA, with representatives from the 
community, academic institutions, industry, and environmental, Indigenous, and 
government groups. A central objective of NEJAC was “to improve the environment 
or public health in communities disproportionately burdened by environmental 
harms and risks” (US EPA, 2015b). In 1994, President William Clinton issued 
Executive Order 12898, which required federal agencies to incorporate environ-
mental justice as part of their missions (US EPA, 2013b), and in 1995 the first 
Interagency Public Meeting on Environmental Justice was held.

Globally, the first United Nations Framework Convention on Climate Change 
(UNFCCC) Conference of the Parties (COP) took place in April 1995  in Berlin, 
Germany (United Nations Climate Change, n.d.-a). These meetings would be held 
annually to review implementation and emissions inventories submitted by the 
Parties (nations). Later that year, the IPCC Second Assessment Report was issued in 
December 1995 which affirmed the science of climate change (IPCC, 1995). The 
report noted that “carbon dioxide remains the most important contributor to anthro-
pogenic forcing of climate change…” (p. xi). In addition, “projections of future 
global mean temperature change and sea level rise confirm the potential for human 
activities to alter the Earth’s climate to an extent unprecedented in human history” 
(p. xi). In 1996, The Kyoto Protocol, adopted in 1997, set emissions targets for six 
greenhouse, carbon dioxide (CO2); methane (CH4); nitrous oxide (N2O); hydrofluo-
rocarbons (HFCs); perfluorocarbons (PFCs); and sulfur hexafluoride (SF6); how-
ever, the United States did not ratify the Kyoto protocol (UNCC, n.d.-b).

While COP6 was being held at the Hague in 2000, an alternative meeting of 
community activists from around the world gathered for the first Climate Justice 
Summit (Karliner, 2000). Karliner reported, “Speaker after speaker described the 
human rights violations and environmental devastation wrought by the fossil fuel 
industry as well as the industry’s responsibility for the global dynamic of climate 
change.” Meanwhile, in 2001, Warren County, North Carolina finally secured state 
and federal funding to remediate the PCB landfill they had protested unsuccessfully 
back in 1982 (see above), and in 2002, the Second National People of Color 
Environmental Leadership Summit was held in Washington, D. C. A report follow-
ing the summit explained, “Summit II should have been a proud display of what had 
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been accomplished by the original networks, organizations, and leaders of color that 
had come together for the First Summit;” however, the overall feeling was that as 
environmental justice became more bureaucratized, and part of the EPA, grassroots 
voices and concerns were sidelined (Martinez, 2003). Tools and resources for envi-
ronmental justice, established by President Clinton’s Executive Order 12898, were 
used to grow the EPA, and fund research and environmental justice programs at 
universities rather than address local issues. The Indigenous Caucus at the summit 
highlighted the ways in which the United States continued to violate legal and moral 
obligations to Indigenous peoples and called for an end to unsustainable energy 
policies, mining practices, and oil development, as well as greater protection from 
pollution and destruction of waters, forests, and sacred sites in Indigenous territo-
ries (SRIC, 2003).

In 2005, the World Summit on Social Development affirmed three goals of sus-
tainable development: economic development, social development, and environ-
mental protection. The first two goals, economic and social development were not 
supposed to come at the expense of the third, environmental protection. A report of 
the 59th session of the General Assembly of the United Nations (UN, 2005, p. 51) 
noted that both halves of the term, sustainable development, should be given “their 
due weight.” A year later, former Vice President, Al Gore’s documentary, An 
Inconvenient Truth (Guggenheim, 2006) aired. The documentary explained the sci-
ence behind global warming, the relentless rise of CO2 in the atmosphere, the ongo-
ing loss of ice caps on mountains worldwide, such as Kilimanjaro in Africa, the 
Himalayas in Nepal, and the Alps in Italy, and the retreat of glaciers in Glacier 
National Park and the Columbia Glacier in Alaska. Gore noted, “There are good 
people who are in politics, in both parties, who hold [global warming] at arm’s 
length because if they acknowledge it and recognize it, then the moral imperative to 
make big changes is inescapable.” The film is credited with waking many people up 
to the issue, helping young people grow up knowing the facts about global warming 
and taking action, spurring individuals and businesses to change and become more 
sustainable, and engaging more people in speaking up about climate change and 
teaching others (The Climate Reality Project, 2016; see also Pfirman & Winckler, 
this volume).

2.6 � Coming Up to the Present: Climate and Indigenous 
Environmental Justice

In 2007, the report, Toxic Race and Wastes at Twenty: 1987–2007 (Bullard et al., 
2007, p. viii) concluded that “people of color are found to be more concentrated 
around hazardous waste facilities than previously shown.” Key findings from the 
report were:

•	 Racial disparities for people of color as a whole exist in nine out of 10 U.S. EPA 
regions (all except Region 3, the Mid-Atlantic Region).
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•	 Forty of the 44 states (90%) with hazardous waste facilities have disproportion-
ately high percentages of people of color in circular host neighborhoods within 
three kilometers of the facilities.

•	 In metropolitan areas, where four of every five hazardous waste facilities are 
located, people of color percentages in hazardous waste host neighborhoods are 
significantly greater than those in nonhost areas (57% vs. 33%) (pp. x–xi).

The authors concluded, “[t]he current environmental protection apparatus is ‘bro-
ken’ and needs to be ‘fixed.’ The current environmental protection system fails to 
provide equal protection to people of color and low-income communities” (p. xii).

One of the difficulties with securing legal remedies and environmental justice is 
that it can be difficult to prove racist intent. For example, Section 2 of the 1965 
Voting Rights Act focused on discrimination that “results in the denial or abridg-
ment of the right of any citizen to vote” on the basis of race and ethnicity, and a 1972 
amendment included membership in a language minority group (US DOJ, 2021). 
While voter registration rates surged, problems remained due to gerrymandering, 
annexation, and other practices that limited Black people from voting (US DOJ, 
2017). Also, “the Supreme Court required that any constitutional claim of minority 
vote dilution must include proof of a racially discriminatory purpose, a requirement 
that was widely seen as making such claims far more difficult to prove” (US DOJ, 
2017). Thus in 1982, “Congress amended Section 2 to provide that a plaintiff could 
establish a violation of the Section without having to prove discriminatory purpose” 
(US DOJ, 2017). Nevertheless, since the same story (discrimination), different con-
text (environmental justice issues) was repeated over and over, there was a dire need 
for a concerted effort to better enforce existing laws, to remediate toxic sites, and 
address the disparate impacts that continued to affect Black, Latinx, and Indigenous 
communities.

Also in 2007, the United Nations Declaration on the Rights of Indigenous 
Peoples (UNDRIP) called for “Free, Prior and Informed Consent (FPIC)” (UN, 
2008). Article 19 declares:

States shall consult and cooperate in good faith with the [I]ndigenous peoples concerned 
through their own representative institutions in order to obtain their free, prior and informed 
consent before adopting and implementing legislative or administrative measures that may 
affect them. (p. 8)

According to the UN, FPIC allows Indigenous people “to give or withhold consent 
to a project that may affect them or their territories.” The US was one of four nations, 
including Canada, Australia, and New Zealand to vote against the declaration and 
the last of the four nations to change their position (UN, n.d.). President Barack 
Obama announced support for the declaration in 2010 (US DOS, n.d.). While the 
announcement affirmed the moral and political force of the UNDRIP, it also stated 
that the document was not “legally binding,” that it was “aspirational” and would be 
“achieve[d] within the structure of the U.S. Constitution, laws, and international 
obligations, while also seeking, where appropriate, to improve our laws and poli-
cies” (p. 1).
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Progress with sustainability was made in 2009 when the Federal Partnership for 
Sustainable Communities was formed. The six “livability principles” of this part-
nership between the US EPA, the Department of Housing and Urban Development, 
and the Department of Transportation were to: (1) provide more transportation 
choices; (2) promote equitable affordable housing; (3) enhance economic competi-
tiveness; (4) support existing communities; (5) coordinate and leverage federal poli-
cies and investment, and (6) value communities and neighborhoods (US EPA, 
2013c). The partnership mobilized funding for sustainability projects across the 
country, streamlined federal regulations and policies to support sustainable develop-
ment, and aligned and coordinated agency priorities. On the other hand, the 2009 
UN Climate Change Conference was considered disastrous, with no agreements or 
meaningful plans to reduce greenhouse gases adopted by the attendees 
(Caradonna, 2014).

In 2010, a Symposium on the Science of Disproportionate Environmental Health 
Impacts explored the factors that contribute to disparate and “adverse health out-
comes [such] as elevated blood lead, asthma, preterm births, and morbidity and 
mortality from cardiovascular diseases” (Nweke et al., 2011, p. S19) for racial and 
ethnic minority, Indigenous, and low-income populations in the United States. The 
symposium explored the state of scientific knowledge for seven factors that contrib-
ute to disparate health outcomes, including unique exposure pathways, multiple and 
cumulative environmental burdens, physical infrastructure, diminished capacity to 
participate in decision-making, vulnerability and susceptibility, proximity to sources 
of environmental hazards, and chronic psychosocial stress. Methods to assess the 
factors and incorporate the data into community-based decision-making processes 
were presented. Importantly, they recognized that collaborative and holistic 
approaches were needed to address the root causes of environmental justice issues 
as well as their disparate health impacts. Also in 2010, the Global Alliance for the 
Rights of Nature (GARN) was formed. The alliance states, “Rather than treating 
nature as property under the law, the time has come to recognize that natural com-
munities have the right to exist, maintain and regenerate their vital cycles” 
(GARN, 2021).

The Rio +20 Conference on Sustainable Development in 2012 and its report, The 
Future We Want (UNCSD, 2012), reaffirmed the Rio Principles of 1992, committed 
to poverty eradication, and urged all Parties to fulfill their pledges to sustainable 
development goals. The report acknowledged “that climate change is a cross-cutting 
and persistent crisis,” and emphasized that “combating climate change requires 
urgent and ambitious action, in accordance with the principles and provisions of the 
United Nations Framework Convention on Climate Change” (p. 8). The report also 
committed to a green economy in the context of sustainable development goals. 
Although the term, green economy, was not defined in the report, the UN has defined 
it elsewhere as low carbon, resource-efficient, and socially inclusive (Pearce et al., 
1989; UNEP, 2011).

In 2014, the EPA launched a mandatory Introduction to Environmental Justice 
Online training course for all agency staff and managers. The course provided an 
overview of environmental justice and the EPA’s role in fostering healthy 
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communities. Over 17,000 EPA employees completed the training in the first year 
(US EPA, 2015a). Also in 2014, the EPA Office of Environmental Justice collabo-
rated with the American Indian Environmental Office to create and issue a docu-
ment, EPA Policy on Environmental Justice for Working with Federally Recognized 
Tribes and Indigenous Peoples (US EPA, 2014). The report served to “clarify and 
integrate environmental justice principles in a consistent manner in the Agency’s 
work with federally recognized tribes and [I]ndigenous peoples” (US EPA, 2014, 
p. 1). In that same year, Indian Country Today reported that an incredibly dispropor-
tionate number, 532 out of 1322, of Superfund sites in the US were located on 
Indian lands (Hansen, 2014).

In 2015, Pope Francis released an encyclical, Laudato Si, On Care for Our 
Common Home, in which he stated,

The continued acceleration of changes affecting humanity and the planet is coupled today 
with a more intensified pace of life and work which might be called “rapidification”. 
Although change is part of the working of complex systems, the speed with which human 
activity has developed contrasts with the naturally slow pace of biological evolution. 
Moreover, the goals of this rapid and constant change are not necessarily geared to the com-
mon good or to integral and sustainable human development (p. 15).

Pope Francis cited an urgent need to address pollution, waste, a “throwaway cul-
ture,” lack of access to clean drinking water, loss of biodiversity, a decline in the 
quality of human life, the breakdown of society, and global inequality while recog-
nizing the climate as a “common good.” Importantly, common goods are those that 
cannot be had without cooperation, which in the case of local and global climate 
must happen across social, cultural, and ethnic differences, borders, nations, and 
regions.

Also in 2015, The American Heart Association issued a report prepared by Echo 
Hawk Consulting, Feeding Ourselves: Food Access, Health Disparities, and the 
Pathways to Healthy Native American Communities. The report enumerated the 
challenges Native communities face with health disparities and food insecurity 
resulting from their forced separation from traditional lands and U.S. Indian poli-
cies that have led to inordinately high rates of obesity and diabetes among other 
health concerns. For example, childhood obesity exceeded 50% in many communi-
ties, and 80% of adults aged 20–74 were obese. As a comparison, recent studies in 
New  York City place childhood obesity rates at 22–27% (Columbia University 
Mailman School of Public Health, n.d.).

The Dakota Access Pipeline (DAPL) project also made the headlines in 2015 
(See McKibben, 2016). Originally, the pipeline was routed to cross the Missouri 
River near Bismarck, North Dakota. Concerns that an oil spill could damage the 
water supply for the State’s capital prompted a move of the pipeline south of the 
capital and just north of the Standing the Rock Sioux Reservation. The Standing 
Rock Sioux Tribe passed a resolution regarding DAPL, which was to be constructed 
on historically unceded land and under the Lake Oahe reservoir that provides their 
drinking water (Camp of the Sacred Stones, 2015). The tribe invoked the 1868 Fort 
Laramie Treaty (US National Archives, n.d.) and cited the harms, including threats 
to public health and welfare, destruction of valuable cultural resources, and 
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abrogation of their right to “undisturbed use and occupation” of their lands. The 
Standing Rock Sioux Tribe cited multiple federal violations in the permitting pro-
cess (Camp of the Sacred Stones, n.d.). The disproportionate impacts of rerouting 
the pipeline went against Executive Order 12898. Not designating the Missouri 
aquifer as a “high-consequence area” went against the Pipeline Safety and Clean 
Water Acts. Finally, a lesser environmental assessment was conducted instead of an 
in-depth environmental impact statement, which went against NEPA, and the fact 
that historical ceremony and burial grounds would be impacted went against 
Executive Order 13007 on Protection of Sacred Sites. The resolution called on the 
Army Corps of Engineers (ACE) to reject the permit for the pipeline.

Despite the Standing Rock Sioux Tribe’s resolution, plans moved forward for the 
pipeline’s construction, and a wide-scale, grassroots movement emerged in response 
with a camp erected at Standing Rock, youth rallies, petitions, relays, and protests 
in Washington D.C. (Hersher, 2017). Locally, these protests were met with an 
increasingly militarized response. In 2016, the EPA issued another report, Promising 
Practices for Environmental Justice Methodologies in NEPA Reviews (US EPA, 
2016a), which ironically cited the following:

Meaningful engagement efforts with potentially affected minority populations, low-income 
populations, and other interested individuals, communities, and organizations are generally 
most effective and beneficial for agencies and communities when initiated early and con-
ducted (as appropriate) throughout each step of the NEPA process (p. 8).

The Standing Rock Sioux tribe argued they had not had opportunities for free, prior, 
informed consent to the pipeline project (UN, 2008). Thus, clear contradictions 
between stated policy intentions and actual implementation of environmental jus-
tice guidelines continued to exacerbate instances of environmental injustice.

For example, the EPA publication of an Environmental Justice 2020 Action 
Agenda (US EPA, 2016b) in August 2016 laid out three main goals:

•	 Deepen environmental justice practice within EPA programs to improve the 
health and environment of overburdened communities;

•	 Work with partners to expand positive impact within overburdened communi-
ties; and

•	 Demonstrate progress on significant national environmental justice challenges.

Despite the promise of this document, the incoming Trump administration did not 
support environmental justice, ecological justice, or sustainability goals. The EPA 
Environmental Justice timeline (US EPA, 2015a), which had seen a flurry of activity 
in the years prior, came to a sudden halt in 2016. In January 2017, in one of his first 
actions as President, Donald J. Trump issued a memorandum for the Army Corps of 
Engineers to expedite the environmental review of the DAPL project, and 2 weeks 
later, the easement was granted and construction resumed (Naylor, 2017; 
Hersher, 2017).

The DAPL case highlights several fundamental differences between mainstream 
environmental justice or ecojustice and Indigenous environmental justice. One of 
the main differences hinges on Indigenous beliefs about land and water as sacred, 
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not to be despoiled, but held in trust and care for present and future generations 
(Gilio-Whitaker, 2019). Unlike Western conceptualizations that require sacred 
things to be set apart, as with the National Park System (the majority of which came 
at the expense of Indian removal) Indigenous perspectives advocate for respect and 
responsibility  toward the natural world and relationships that foster  reciprocity 
between humans and nature, positioning humans as part and parcel of nature, not in 
dominion over it (Gilio-Whitaker, 2019). A rallying cry for the DAPL struggle was, 
“Water is life. Mní Wičóni” (Weston, 2017), which was literally understood as, 
water is alive. Indigenous environmental justice also encompasses distributive jus-
tice (equal protection), corrective justice (addressing damages), social justice (fair-
ness in meeting basic needs), and procedural justice (meaningful participation in 
decision-making) (Jarratt-Snider & Nielsen, 2020). Karen Jarratt-Snider and 
Marianne O. Nielsen (2020) provide three additional aspects that frame Indigenous 
environmental justice, (1) Native American tribes are governments, not ethnic 
minorities, with a unique political and legal status; (2) Native peoples have deep 
connections to traditional homelands that are central to their identities and cultural 
survival; and (3) Native peoples suffer from the ongoing effects of colonization, 
including land dispossession, destruction of sacred sites, loss of subsistence rights, 
and the detrimental effects of environmental contamination including the land 
and water.

Sadly, DAPL was only the first of many actions during this period that placed 
people and the environment in harm’s way. The Trump administration also oversaw 
more than 100 rollbacks of environmental protection rules, including withdrawing 
from the Paris Climate Agreement in 2017, weakening limits on carbon dioxide 
emissions from power plants in 2019 and cars and trucks in 2020, as well as remov-
ing protections from more than half the nation’s wetlands and removing restrictions 
on mercury emissions from power plants in 2020 (Popovich et al., 2020). In 2019, 
the Department of the Interior opened federal land for oil and gas leasing by weak-
ening the Endangered Species Act and the Department of Energy loosened effi-
ciency standards for products (Popovich et al., 2020). In September 2021, Trump 
officials relocated the Environmental Justice Office from the Office of Enforcement 
and Compliance Assurance to the Office of Policy, purportedly to improve effi-
ciency; however, critics were concerned that the move would politicize the office 
(Perls, 2020). The EPA also changed the name of the Office of Sustainable 
Communities to the Office of Community Revitalization (Perls, 2020).

In January 2021, in one of his first acts as President, Joseph R. Biden wrote a 
letter to rejoin the Paris Climate Agreement (Biden, 2021). President Biden fol-
lowed this action with Executive Order 14008 (2021), which lays out a bold vision 
for addressing both climate change and environmental justice issues:

It is the policy of my Administration to organize and deploy the full capacity of its agencies 
to combat the climate crisis to implement a Government-wide approach that reduces cli-
mate pollution in every sector of the economy; increases resilience to the impacts of climate 
change; protects public health; conserves our lands, waters, and biodiversity; delivers envi-
ronmental justice; and spurs well-paying union jobs and economic growth, especially 
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through innovation, commercialization, and deployment of clean energy technologies and 
infrastructure.

Importantly, Biden notes, “Successfully meeting these challenges will require the 
Federal Government to pursue such a coordinated approach from planning to imple-
mentation, coupled with substantive engagement by stakeholders, including State, 
local, and Tribal governments.” The timing of these actions was crucial since the 
sixth IPCC report was issued in August 2021 which noted, “It is unequivocal that 
human influence has warmed the atmosphere, ocean, and land. Widespread and 
rapid changes in the atmosphere, ocean, cryosphere, and biosphere have occurred 
(IPCC, 2021, p.  5).” In November 2021, COP 26 was held in Glasgow which 
affirmed four pillars of climate action: adaptation, finance, and mitigation, and col-
laboration and kept the goal of limiting climate change to 1.5  °C within reach 
(UNFCCC, 2021). The Glasgow Climate Pact was agreed to by 200 countries in 
attendance and the rulebook for the Paris Climate Agreement was finalized, which 
includes the norms for establishing carbon markets (UNFCCC, 2021).

While a full history of ecojustice, environmental justice, sustainability, and their 
intersections with climate justice would take a volume of its own, this select history 
of key events and ideas in these movements makes clear the need to develop more 
comprehensive and just approaches to economic, ecological, and social develop-
ment. Ecojustice emphasizes the role of just participation in decision-making and 
free, prior, informed consent, as well as repairing the ecological harms and disparate 
health effects of economic development and pollution on the communities that have 
been impacted. History shows that these communities are predominantly Black, 
Latinx, Indigenous, and low-income. Environmental justice focuses on rules, regu-
lations, and laws, but history also shows that litigation can be a slow, incremental 
approach to ensuring just outcomes and mitigating environmental justice issues. 
Sustainability brings forward the ideas of ecological conservation, preservation, and 
restoration as necessary aspects of economic development. Furthermore, sustain-
ability comprises both a process and a goal that communities and nations have to 
engage in and work towards (NRC, 2011). Increasingly, sustainability acknowl-
edges the need to balance economic growth with planetary limits in mind with 
respect to energy, sustainable design and green building, urbanization, transporta-
tion, higher education and research, business and finance, as well as equality, 
democracy, social justice, and well-being (Caradonna, 2014). Indigenous framing 
and values make it clear that we must consider the seventh generation as we plan for 
the present (Gilio-Whitaker, 2019).

The COP 26 agreements provide signs of hope that, together, we will become 
more climate-resilient and build towards a more sustainable and just future. 
Furthermore, they position ecojustice and Indigenous environmental justice as 
frameworks that have the potential to bring together concerns for social and envi-
ronmental justice, including ecological sustainability; social and economic justice; 
inclusive, healthy, and safe communities; enough food; and potable water in ways 
that affirm the interdependence and relatedness of all people and all kinds of 
biodiversity.
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Chapter 3
Diversity in Academia and Sustainability 
Science: The STEM Blindspot

Shirley-Ann Augustin-Behravesh

3.1 � Change, Without the Change

Universities across the US are currently pushing to increase faculty and student 
diversity because of recent, pressing events that once again, unearthed the racial 
inequalities and injustices that exist within our institutions. Yet, the majority of 
interventions adopted are short-sighted and do not consider the fundamental reasons 
why these problems persist in our society. These issues are critical to address in 
order to transform education for sustainability in just, inclusive and authentic ways.

One strategy used by universities is to hire Black, Indigenous, People of Color 
(BIPOC) faculty who work in fields related to justice, equity, diversity, and inclu-
sion (JEDI), thus working on the assumption that historically excluded persons 
should be working to eradicate the injustices that they had no part in initiating or 
perpetuating. This misconception that people of color are all activists or vocal on 
the issues affecting their identified groups, is unfair and furthers the current stereo-
typing behaviors that exist today. Many BIPOC and women faculty, though aware 
and unhappy with the current system, cope in ways that do not demonstrate their 
frustrations and merely want to be recognized for their contributions to their field of 
study, as their colleagues would. The expectation that they should be more inter-
ested or active on issues of JEDI, places an unfair and extra burden – including 
stress and invisible labor – that others do not have to contend with (Jimenez et al., 
2019). This practice also continues the cycle of isolating BIPOC and women in 
fields where they are already present; a form of epistemic exclusion (Settles 
et al., 2019).

The STEM fields have been traditionally higher paid and highly regarded when 
compared to other fields such as the Humanities. Yet, these are the very fields with 
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the lowest recruitment and highest attrition for BIPOC and women (Li & Koedel, 
2017). Women and BIPOC faculty are the lowest paid in academia and the barriers 
to entry in the STEM fields perpetuate this. This disparity further enables the cycle 
of keeping students who are BIPOC and female, out of STEM fields, as one major 
determinant of one’s field of study, is the ability to find a role model or mentor who 
shares their characteristics (Arnim, 2019; Beech et al., 2013). It also means that the 
perspectives and experiences of a large and important group have been mostly 
absent from the STEM fields, resulting in unrealized solutions and innovations.

3.2 � Systemic Stereotype Threats

Many of the interventions used by universities ignore the underlying reasons why 
historically excluded persons of color are scarcely present in STEM fields, and get-
ting traction has been slow. BIPOC and women are notoriously known to have low 
enrollments in STEM degrees including at the faculty level (Li & Koedel, 2017). 
Studies have shown that it is not a lack of interest that leads to the avoidance, or exit 
from, STEM fields (Burke, 2007). Some interpersonal reasons for low retention of 
BIPOC and women in STEM fields include alienation by colleagues, micro-
aggressive environments, and the lack of representative mentors or role models to 
inspire new students/faculty in disadvantaged minorities to pursue these disciplines 
(Arnim, 2019). Even deeper, systemic threats pervade our academic institutions and 
steer BIPOC and women away from STEM fields, in forms such as masculine 
norms/privileging masculine ways of working; unchecked biases in recruitment, 
hiring, development, evaluation, and promotion processes; unconscious perpetua-
tion of culturally-embedded stereotypes; color-blind racial ideologies; the myth of 
meritocracy that cripples the ability of historically excluded persons of color from 
joining STEM fields; and financial and economic barriers related to testing, applica-
tions, cost of study, etc. (Block et  al., 2019; Dupree & Boykin, 2021; Estrada 
et al., 2016).

Systemic stereotype threat also leads to the exit from STEM fields (Burke, 2007). 
“Systemic stereotype threat occurs when an individual is in a system that is charac-
terized by racial or gender disparities and the implicit belief about the reason for 
these disparities is due to stereotypes about deficits of individual group members 
rather than systemic inequality” (Block et al., 2019, p. 35; see also Steele et al., 
2002). BIPOC and women faculty who work in environments characterized by sys-
temic stereotype threat have been seen to cope in different ways (Block et al., 2019; 
Settles et al., 2019). Block et al. (2019) present empirical research on the coping 
mechanisms used by women faculty in STEM disciplines to contend with systemic 
stereotype threats. The three response patterns identified in the article are: (1) 
Fending off the threat – keeping the threat invisible to self and the association with 
the stereotype invisible to others; (2) Confronting the threat – making the threat 
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visible to others (3) Sustaining self in the presence of threat – recognizing the threat 
as a dilemma to be navigated not as a problem to be solved immediately. Settles 
et al. (2019) studied the response patterns of BIPOC faculty within STEM fields, 
and have similar results with the use of three invisibility strategies: (1) Strategic 
invisibility – disengaging with colleagues, while engaging with scholarly activities; 
(2) Working harder  – to prove worth and improve visibility (of work); (3) 
Disengagement – removed effort from work. While there is much to be understood 
regarding when and why particular strategies within the response patterns are uti-
lized, it is agreed that the perception of the threat (related to both organizational and 
individual factors) is a major driver of the response pattern used (Block et al., 2011, 
2019; Settles et al., 2019).

3.3 � Reflecting on My Own Response Patterns

As a Black, female academic in STEM, I reflect below on how I have utilized dif-
ferent response patterns to navigate my career within the fields of engineering and 
sustainability science.

3.3.1 � To Prove I Can? Or Is It … Who I Am?

Unlike many Black Americans, I was not raised in a society rampant with racial 
inequity. I was born and raised on a small Caribbean island where most of the popu-
lation identified as Black. My exposure to the issues of race came from books and 
television – which perpetuated the belief that this was a ‘them, not me’ issue. This 
perception that the threat was not my own, kept it invisible to me when I first moved 
to the United States.

In my first role as a faculty member, I often felt like an outsider to the faculty 
body. I reasoned that this could be because of three things: (1) My introverted per-
sonality and/or unfamiliarity with me and my culture, (2) My non-tenure-track sta-
tus, (3) Unfamiliarity with my work or the quality of my research. My response was, 
therefore, to silently work at building up my research portfolio to make my work 
(and myself) more visible. I engaged in strategies of ‘over-effort’ and ‘isolation’ as 
discussed by Block et al. (2019). I said yes to everything. I even volunteered for 
everything. If I proved my worth, my colleagues and department would find me a 
valuable member of the department. Rather, the result of my over-involvement has 
been exhaustion, burnout, and an eventual diminishing motivation to continue work 
that no one ever recognizes. By making the threat and myself invisible – by appear-
ing to take everything in stride – I also made my efforts, and the toll it was taking on 
me, invisible.
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3.3.2 � An Attempt to ‘Confront the Threat’

I became more cognizant of the issues related to race and stereotypes after volun-
teering to be on a university committee for faculty women of color. It was in conver-
sations with these women of color, that I realized that our stories were the same. We 
were unrecognized, overworked, and over-compensating for issues that have been 
persistent within the academic institution since its genesis. The realization that what 
I had been experiencing was part of systemic discrimination within the academic 
institution, left me with deep feelings of hurt, anger, fear, and ultimately, confusion. 
Not unlike the stages of grief… Having never had discussions or experiences in 
which I needed to confront discrimination, it left me in a state of anxiety, and an 
inability to confront a threat that I desperately wanted to address.

There is an assumption that all people of color, particularly those with some 
standing in the community, or in an established career, should be voicing their frus-
trations with the discrimination that still pervades our major institutions. If you’re 
not, then you probably are one of those who ‘sold out’ or are deliberately blind to 
the injustices of society. I carry deep guilt that I have not been as vocal and active as 
my female colleagues of color. They have been so deeply embedded and involved in 
the issues of diversity and inclusion, that I often feel like a ‘copout’ to my race and 
gender. It’s not that I’ve cast a blind eye. I’ve tried to speak up. I’ve tried to become 
more aware of the tribulations that black people face in America and the rest of the 
world. I’ve even tried to reason with those who unfairly discriminated against me 
and others. I’ve given them the benefit of the doubt. But I quickly realized that, 
especially in an old institution such as academia, those who speak up are labeled as 
the trouble-makers, the rousers, the ‘angry black woman.’ This kind of visibility 
was not what I sought, and so my response adjusted accordingly.

3.3.3 � “I’ll Just Sit Quietly in the Corner …”

My natural tendency to avoid confrontation kicked in, not long after. I convinced 
myself that if I worked even harder and created exceptional work, that I would not 
be seen as a Black person, but rather as an extremely valuable faculty member. This 
strategy was ultimately unsustainable. With an over-full teaching load (and taking 
on extra to supplement the low pay), serving as a mentor to many students, sitting 
on a variety of department, university, and community committees, attempts to 
carry on research and projects of impact and balancing these with the parenting of 
two small kids, soon left me battling several chronic illnesses, all tied to high-
stress levels.
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3.3.4 � Sustaining Self in the Presence of Threat

A moment of clarity came after my own body forced me to stop working over a 
summer break, because of ongoing illness. I reflected on the outcomes of my efforts 
over the years and realized that I had been supporting department efforts, focusing 
on building and enhancing programs, preparing students for research and careers, 
working with communities that needed and appreciated the academic support and 
others, giving talks and presentations – but that none of these were related to the 
thing that mattered most in the academic scene – published research. All this work 
and I had still not attained the one element that was most recognized in my field.

This clarity came at another momentous event in my life. After 3 years with my 
department, I was assigned a mentor. It was with their help that I was able to define 
what success meant for me (as opposed to just my department) and learned the 
important skill of saying “no,” even to seemingly great opportunities. I also recog-
nized the need to accept my identity as a Black, female, immigrant scholar, and 
utilize my unique perspectives and experiences within my work.

Years of feelings of inadequacy, hiding away, keeping quiet, and desperation to 
prove my worth gave way to an acceptance that the system was indeed flawed, but 
with an acknowledgment that the system cannot change overnight. I reasoned that 
continual (maybe even subtle) prodding, increased awareness, and finding the right 
mentors and support, was a more actionable and strategic way to slowly transform 
the system from within. I still have days where I toggle between the response pat-
terns, and I think that it is somewhat necessary to shift between response patterns 
depending on the context. But overall, my definition of success as a scholar, mother, 
wife, global citizen has transformed the way I work. My drive to be an exceptional 
scholar is now purely based on my own self-motivation to develop and disrupt my 
field and make positive changes in the world.

3.3.5 � Is There a Right Response?

Despite my having arrived at the ‘Sustaining self in the presence of threat’ response 
as being the most appropriate for myself, I have also recognized BIPOC and women 
colleagues around me using various strategies within the response patterns. In my 
observations, it appears that for transformation change to occur, we need all three 
responses simultaneously.

Having stellar outcomes from those engaged in ‘Fending off the Threat/Strategic 
Invisibility/Working Harder’ responses, makes the case for the value and apprecia-
tion of the work of BIPOC & women scholars. Whilst it is unfair to have this extra 
burden of proof of self-worth, it helps build the case for transformation. We also 
need to build awareness of these existing threats within our institutions from those 
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who ‘Confront the Threat.’ Without awareness, we are perpetuating a cycle of 
threats that remains visible only to ourselves as BIPOC and women faculty. And 
finally, we need those who are able to work with and within the current systems, 
who are ‘Sustaining Themselves in the Presence of Threat’, to find ways to continu-
ously build awareness, create disruptions, and have non-BIPOC faculty begin to 
question their role in perpetuating systemic stereotype threats in the academy.

3.4 � Moving Forward

As universities continue to push for increasing diversity within their faculty and 
student bodies, it is important to recognize the factors that affect the retention of 
BIPOC & women. Studies on systemic stereotype threat have found that the pres-
ence of such threat can lead to lower confidence, higher turnover (von Hippel et al., 
2011 as seen in Block et al., 2019); decreased well-being (von Hippel et al., 2015 as 
seen in Block et al., 2019); lower beliefs in career advancement (Fassiotto et al., 
2016 as seen in Block et al., 2019); and negative physical and psychological health 
consequences (Juster et  al., 2010; Settles et  al., 2019). While some BIPOC and 
women faculty have successfully navigated the academic world, and are valued 
members of the academic community, many others fall victim to the threats they 
face. Within this pool lies the untapped, undervalued, and unrealized potential that 
can contribute tremendously to the university, to the wider discipline, and to better 
sustainability science (Hunt et al., 2015).

To end, I wish to make a call to universities looking to increase their diversity 
rates, to consider not just the recruitment of BIPOC and women faculty, but also to 
recognize the various threats and pressures faced by current BIPOC and women. In 
doing so we can properly anticipate and prepare for potential barriers that BIPOC 
and women may face (Block et  al., 2011). In particular, in STEM fields where 
BIPOC & women faculty are represented in disgracefully low numbers, the threats 
exist throughout our academic institution, from kindergarten to the highest aca-
demic achievements. An awareness of these can start the process of dismantling 
systemic stereotypes that were in-built into our institutions. This is also extremely 
relevant to environment and sustainability science, where the diversity of perspec-
tives and experiences are necessary assets to sustainability problem-solving (van 
der Leeuw et al., 2012; Wiek, 2011). This is particularly of great importance, as the 
negative impacts of sustainability problems are disproportionately felt by poor and 
vulnerable populations, often which are BIPOC communities (Anguelovski et al., 
2019). It is my hope that departments and universities begin to take the necessary 
steps to create communities where BIPOC and women faculty feel safe, welcomed, 
equal, and valued.
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Chapter 4
Building Authentic Connections to Science 
Through Mentorship, Activism, 
and Community, in Teaching and Practice

Angelica E. Patterson, Tanisha M. Williams, Jorge Ramos, 
and Suzanne Pierre

4.1 � Introduction

Amid the height of the COVID-19 pandemic, which highlighted the disproportion-
ate rates of mortality amongst Black Americans,1 violent deaths by the hands of the 
police and white mobs resulted in the deaths of Ahmaud Arbery, Breonna Taylor, 
and George Floyd.2 On the same week as George Floyd’s murder in the summer of 
2020, Christian Cooper, a black birder and prominent member of New York City’s 
Audubon Society was harassed by a white woman in Central Park who weaponized 

1 Yancy, C.  W. (2020). Covid-19 and African Americans. JAMA, 323(19), 1891. https://doi.
org/10.1001/jama.2020.6548
2 Brown, D. N. L. (2021, May 4). Violent deaths of George Floyd, Breonna Taylor reflect a brutal 
American legacy. History. Retrieved December 16, 2021, from https://www.nationalgeographic.
com/history/article/history-of-lynching-violent-deaths-reflect-brutal-american-legacy
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a police call after Cooper asked her to leash her dog.3 The long legacy of violence 
against Black men and women in the United States not only sparked one of the larg-
est protests in the nation, but also garnered global attention and international sup-
port for the Black Lives Matter (BLM)4 movement. This constant and systematic 
attack on Black bodies sparked a different kind of movement amongst Black nature 
enthusiasts and scientists who wanted to increase the visibility of Black members 
enjoying and participating in the outdoors and within predominantly white spaces. 
#BlackBirdersWeek,5 the first social media movement aimed at amplifying Black 
birders and their experiences was launched on May 31st, 2020. Three days after 
#BlackBirdersWeek ended, Dr. Tanisha Williams sent out a call via Twitter, asking 
others about sharing the same positivity and awareness of Black people and their 
love of plants across the botanical community and beyond. Many botanists answered 
the call and began the work to create the next science-related social media move-
ment. #BlackBotanistsWeek6 was launched on July 6th, 2020 and gained global 
participation in their week-long online events that expanded social and professional 
networks and led to the collaboration amongst the authors of this chapter. Since 
then, the creation of social media movements in STEM fields, such as 
#BlackInEnvironWeek,7 #BlackInAstro,8 #BlackInMicro,9 #BlackInChem,10 
#BlackMammalogistsWeek11 amongst others, have exploded with much support 
and gratitude for their help in elevating the voices and comradery of members who 
exist and participate in these predominantly white fields. The systemic economic 
and cultural barriers in academia and our larger society inhibit racially ethnic and 
gender-diverse students from fully participating and authentically engaging in the 
sciences. Building meaningful connections to the field of environmental sciences 
and sustainability requires integrated approaches that extend “beyond the walls” to 

3 Nir, S. M. (2020, June 14). How 2 lives collided in Central Park, rattling the nation. The New York 
Times. Retrieved December 16, 2021, from https://www.nytimes.com/2020/06/14/nyregion/
central-park-amy-cooper-christian-racism.html
4 Black Lives Matter homepage. Black Lives Matter. (n.d.). Retrieved December 16, 2021, from 
https://blacklivesmatter.com/
5 #BlackAFinSTEM and #BlackBirdersWeek twitter page. #BlackAFinSTEM Twitter. (n.d.). 
Retrieved December 16, 2021, from https://twitter.com/BlackAFinSTEM
6 #BlackBotanistsWeek homepage. #BlackBotanistsWeek. (n.d.). Retrieved December 16, 2021, 
from https://blackbotanistsweek.weebly.com/
7 #BlackInEnvironWeek twitter page. #BlackInEnvironWeek Twitter. (n.d.). Retrieved December 
16, 2021, from https://twitter.com/BlackInEnviron
8 #BlackInAstro homepage. #BlackInAstro. (n.d.). Retrieved December 16, 2021, from https://
www.blackinastro.com/
9 #BlackInMicro twitter page. #BlackInMicro Twitter. (n.d.). Retrieved December 16, 2021, from 
https://twitter.com/BlackInMicro
10 #BlackInChem homepage. #BlackInChem. (n.d.). Retrieved December 16, 2021, from https://
blackinchem.org/
11 #BlackMammalogistsWeek homepage. #BlackMammalogistsWeek. (n.d.). Retrieved December 
16, 2021, from https://blackmammalogists.com/
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encourage, inspire, and motivate students to take an interest in studying and pursu-
ing careers in ecology and the earth sciences. The following conversation centered 
around critical race theory and intersectionality, features four BIPOC scientists and 
educators as they discuss the challenges and rewards of helping students navigate 
science in academia. They also examine how their advocacy for diversity, equity, 
inclusion, and justice translates into actionable approaches that deconstruct the 
barriers that have prevented equal representation and empowerment of marginalized 
groups in the environmental sciences. See also Behravesh (this volume).

Angelica Patterson  We are going to get started with formal introductions. Please 
tell us your name, briefly describe your current position, your current institution, 
what your job entails, and what is your favorite part about what you do. I will start. 
My name is Angelica Patterson. I am the Master Science Educator at Black Rock 
Forest12 in Cornwall, New York. My job entails being a liaison to about 18 consor-
tium members that are made up of K-12 private and public schools, cultural institu-
tions like the American Museum of Natural History,13 as well as colleges and 
universities, both public and private. I am there to connect students to the forest 
through research and education. I work with educators to create curricula that 
engage and encourage students to learn about the environment and the ecology. My 
favorite part about what I do is curriculum development. I really enjoy speaking 
with teachers about their goals and how we can creatively develop activities stu-
dents can experience either virtually or hands-on to learn about some complex envi-
ronmental topics.

Tanisha M.  Williams  My name is Tanisha M.  Williams, and I am the Burpee 
Postdoctoral Fellow in Botany at Bucknell University14 in Lewisburg, Pennsylvania. 
I work with Dr. Chris Martine, a biologist at Bucknell. The overall goal of the 
Martine lab is to conserve biodiversity, and we do this locally in Pennsylvania and 
internationally in Australia. In Pennsylvania, we are updating the conservation sta-
tus of rare plants using genomics methods. We also work with local government 
organizations like the Western Pennsylvania Conservancy15 and the Pennsylvania 
Natural Heritage Program.16 They are the boots on the ground, and we are the boots 
in the lab. The research project that really got me excited about coming to a primar-

12 Black Rock Forest homepage. Black Rock Forest. (2021, June 29). Retrieved December 15, 2021, 
from https://www.blackrockforest.org/
13 American Museum of Natural History homepage. American Museum of Natural History. (n.d.). 
Retrieved December 16, 2021, from https://www.amnh.org/
14 Bucknell University homepage. Bucknell University. (n.d.). Retrieved December 15, 2021, from 
https://www.bucknell.edu/
15 Western Pennsylvania Conservancy homepage. Western Pennsylvania Conservancy. (2021, 
December 1). Retrieved December 15, 2021, from https://waterlandlife.org/
16 Pennsylvania Natural Heritage Program homepage. Pennsylvania Natural Heritage Program. 
(n.d.). Retrieved December 15, 2021, from https://www.naturalheritage.state.pa.us/
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ily undergraduate institution is this plants and people project in Australia. We are 
working with the Martu people. The Martu are Aboriginal people in Western 
Australia. The Martu are teaching us how they use Solanum plants and what they 
use them for. We are going back to look at the genetics of this plant in order to assess 
how the Martu people assist in gene flow and how they are conserving and preserv-
ing the species by their use of certain plants as a staple food source. This is a long-
term collaboration that has taken decades to build. It is nice working with a team 
that knows the importance of Indigenous knowledge, not only when collecting 
information, but giving proper credit, authorship, etc. It is nice to know that this is 
not just a fly-in kind of project. We are doing research that the Martu people are 
interested in. These are questions that they have about the plants around them. So, 
that is a really nice part of this work.

My favorite part of the job is working with undergraduate students. I never knew 
how much I would enjoy working with undergraduate students. I am the postdoc/lab 
manager, so all of the students’ projects come through me, and it is just a joy seeing 
them. I will tell a very quick story about what a joy it is to work with students. One 
of my students graduated with an honors thesis on one of the local Pennsylvania rare 
plant projects I mentioned earlier. They did such great work, and we are currently 
writing up the manuscript. I cried when they finished their honors thesis presenta-
tion. It is wonderful to see undergraduate students’ level of research, and it is fulfill-
ing to be a part of their learning process.

Suzanne Pierre  My name is Suzanne Pierre. My pronouns are she and her. My title 
is Research Scientist at the California Academy of Sciences17 and the IBSS18 depart-
ment, which stands for Institute for Biodiversity, Science and Sustainability. I am 
also the founder and director of the Critical Ecology Lab,19 a not-for-profit research, 
education, and anti-oppression organization. I started the Critical Ecology Lab in 
early 2020, right around the pandemic’s start. The way that I define or describe the 
organization is meaningfully evolving, and I think that is intentional in some ways. 
The Critical Ecology Lab focuses on advancing the questions and methods that 
meaningfully relate the study of power and privilege with the study of biophysical 
change in response to anthropogenic drivers—applying the kind of critical theory 
that undergirds our understanding of oppression and extraction as a kind of funda-
mental, social process and describing or relating those dynamics through observa-
tion and experimentation in the biophysical realm.

17 California Academy of Sciences. (n.d.). Retrieved December 15, 2021, from https://www.
calacademy.org/
18 Institute for Biodiversity Science & Sustainability. California Academy of Sciences. (n.d.). 
Retrieved December 15, 2021, from https://www.calacademy.org/scientists
19 Critical Ecology Lab. (n.d.). Retrieved December 15, 2021, from https://www.criticalecolo-
gylab.org/
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In our lab, because of my background as a biogeochemist and ecosystems ecolo-
gist, most of the basic research focuses on the terrestrial environment, nutrient 
cycling, and plant ecology. But, the deep goal of the organization is to advance how 
we approach science, how we come up with the questions that we prioritize and who 
comes up with them and also to influence the ways that we conduct ourselves when 
we do research. The Critical Ecology Lab is both an academic response to a gap in 
what we know, but it is also a response to the prevailing culture in academic research 
and a kind of rebuttal to that, to say we actually can structure our laboratory teams 
and their culture to orient towards compassion and justice, rather than competition 
and supremacy. My job entails doing basic research, writing grants, establishing 
partnerships, and doing this field development work.

What does it look like to find the right collaborators and the right students to 
advance an idea and then bring that to life through basic research? I do a lot of men-
toring. I am talking to undergrads, masters, and Ph.D. students, none of whom I 
formally advise through university because, as you know, I am at non-traditional 
institutions. It is a really interesting part of my work to be a mentor, but not in a 
formal sense. It is also my favorite thing, and I think it is the basis of culture build-
ing. My favorite part of my work is being responsible for establishing a culture of 
compassion and then making sure and holding myself accountable for doing that 
and living that every day.

Jorge Ramos  My name is Jorge Ramos  and I am the Associate Director for 
Environmental Education at Jasper Ridge Biological Preserve20 at Stanford 
University.21 At Jasper Ridge, we are guided by three pillars: research, education, 
and conservation. I am the Associate Director of the pillar of education. Our 
Research Director establishes what type of research goes on and the logistics around 
research. I co-teach a course, and I also guide all of the outreach and education 
requests, organize the field trips that are requested, and work with all of the com-
munity and educational partners that want to visit Jasper Ridge. It is not a recre-
ational space, so every outreach and educational activity has the intent of learning 
while you are here. Are you interested in something in particular? If it’s a bird-
oriented activity, we will find you a docent that might focus on birds. The whole 
program of education ranges from very internal to external. First, we host many 
Stanford classes, and these can go outside of STEM. For example, if we have lan-
guage classes, they might request a tour in Spanish, so I can give that one. There are 
archeology and anthropology classes that focus on history. We have a physics class 
where they might come to explore some of our projects in physics and engineering. 
We have a lot of geosciences research projects. I coordinate all of these class visits 
and make sure they follow safety protocols.

20 Stanford University. (2021, December 8). Jasper Ridge Biological Preserve homepage. Jasper 
Ridge Biological Preserve. Retrieved December 15, 2021, from https://jrbp.stanford.edu/
21 Stanford University homepage. Stanford University. (n.d.). Retrieved December 15, 2021, from 
https://www.stanford.edu/
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What is the culture that we offer here at Jasper Ridge so that the field does not 
reflect the stereotypical old “macho” white men that used to always be in the field 
sciences? How do we transform that from the very beginning of their experience as 
they step into the preserve? We have that other tier that is our educational partners 
inside of Stanford. I also build relationships with community colleges, K-12 schools, 
and nonprofits like Latino Outdoors.22 I am the mentor for Stanford’s Society for 
Advancement of Chicanos, Hispanics, and Native Americans in Science (SACNAS)23 
chapter, as well as the mentor for the Ecological Society of America Strategies for 
Ecology Education, Diversity, and Sustainability (SEEDS)24 Stanford chapter. I also 
build communities outside of Stanford.

Our other big component is our docent community. The course that I co-teach 
with Professor Rodolfo Dirzo, titled “The Ecology and Natural History of Jasper 
Ridge,” trains Jasper Ridge docents. Since it is not a recreational park, in order to 
come into Jasper Ridge, you always have to request a tour guide, so this course 
trains those docents. We have over 100 active docents. They are knowledgeable in 
natural history, ecology, and many other fields, so they can guide you through the 
preserve and assist with research projects. My job involves a lot of logistics, but we 
also write many NSF proposals for funding outreach. Not surprisingly, research at 
R1 universities such as Stanford is prioritized, so there is always a push for funding 
research. Still, outreach is where we have to write a bit more to fund more outreach 
and education activities. So, with the team here, we are always finding ways to col-
laborate and write proposals. The favorite part of my job is that I get paid to be 
outside and teach people outside and have that hands-on experience with students or 
any other learner. The thing that surprises me the most is that no matter the back-
ground, anything that you present hands-on for the first time, something that stu-
dents have not seen, allows me to see that light bulb “ah-ha” moment. But then, 
when I do this with communities that have not been exposed to outdoor education, 
the first thing they say is, “Do you get paid to do this?” I am very fortunate that I get 
to be in an outdoor learning space in nature.

Angelica Patterson  Now, that is fantastic! Last Friday, a teacher actually told me, 
“Your job is awesome.” Then they said, “You get to do this every day?” and I said, 
“I do, thank you.” For the next set of questions, I would like to ask, do you consider 
your job and expertise to be exclusively in science? Do you think that your teaching, 
your research, or your role in project coordinating is equally relevant to the fields of 
environmental science, conservation, sustainability, and/or environmental justice? 
If so, how? You can comment on whether or not your expertise ties into more of an 

22 Latino Outdoors homepage. Latino Outdoors. (n.d.). Retrieved December 15, 2021, from https://
latinooutdoors.org/
23 Society for Advancement of Chicanos, Hispanics, and Native Americans in Science homepage. 
Society for Advancement of Chicanos, Hispanics, and Native Americans in Science (SACNAS). 
(n.d.). Retrieved December 15, 2021, from https://www.sacnas.org/
24 Strategies for Ecology Education, Diversity, and Sustainability homepage. Strategies for Ecology 
Education, Diversity, and Sustainability (SEEDS). (n.d.). Retrieved December 15, 2021, from 
https://www.esa.org/seeds/
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interdisciplinary focus and, if so, what are those allied fields outside of the science 
field? Tanisha, do you want to go first?

Tanisha M. Williams  I would have to say I like to dabble between fields. I am 
active in science communication, which is still a part of science. I do some policy 
work as well, definitely touching on the education realm. The new plants and people 
project that I talked about is really opening my research into ethnobotany. I am 
learning a lot from anthropologists, Indigenous groups, and other scientists. I feel 
like this project is cross-cutting and opening up my research scope. When I did my 
work for my Ph.D. in South Africa, I was really focused on the plants themselves 
and only the plants. The genus I worked on has many beneficial plants, but I was not 
concentrating on those species. I was only focused on, “What is happening to the 
plants here?” I was looking at this work through an ecological lens. Now, I am 
broadening that scope of what is happening to the plants and incorporating what is 
happening to the people using these plants. I really like that link. What I do for my 
research—is it relevant to environmental science conservation and environmental 
justice? Most definitely, everything I do ties in some way to those fields. My biggest 
question is trying to understand how species are responding to climate change. I use 
plants as my study system because I really love plants. When I talk about climate 
change and how plants are responding to different audiences, I often bring in exam-
ples that make plants relatable and highlight their importance. I touch on how we 
are using plants and how people connect to plants that they often do not think 
about—how are you eating? How are you breathing? How are you wearing these 
clothes? Medicine, all these things. Many people forget that we are here because of 
the products that we get from plants. As I teach, I like to introduce my field with 
these points, highlight what we know scientifically, and then try to encourage peo-
ple to care about the environment. We do not want to lose things here on Earth. We 
do not know how many pegs (species, ecosystems, etc.,) we are going to knock out 
of this system until the system is no more.

Suzanne Pierre  Do I consider my expertise to be exclusively in STEM? If STEM 
includes all of the dimensions that Tanisha talked about, like education being a nec-
essary part of STEM, mentorship being a part of STEM, and being a naturalist, then 
yes. All of those to me are parts of being involved in STEM and I do little bits of all 
of that. Primarily, I am a scientist, but I am not exclusively a scientist. I think my 
expertise also lies in noticing dimensions of STEM that are either not being com-
municated or could be exposed or explained in a new way, which I think is kind of 
related to science communication (sci-comm). I am not really involved in the broad-
scale kind of sci-comm work like a lot of professionals who are really good at target-
ing a large body of people, really getting messages and facts across. I am kind of in 
the sci-comm area that is aligned with directives, such as, “Look at this thing that we 
could explore in a more creative or nuanced way that teaches us something about 
ourselves.” I use science as this series of metaphors or series of processes that really 
exposes things about society.
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Do I think my teaching, research, or role in project coordination is equally rele-
vant to justice, science, conservation, or sustainability? My role involves a little bit 
of all of those things: teaching, research, and coordination—all of which go towards 
all of the things that have just been described. In a basic sense, my goal is to con-
tinue to do environmental research, but I want to restructure how science is experi-
enced and done. Yes, I am doing environmental science, but I want to do it in a 
transformative way, and that is the grand experiment of my career. I am probably 
involved in conservation the least. The other things are more obvious. I am inter-
ested in sustainability and environmental justice. It speaks for itself if you look at 
the work that I have been doing. I think the reason that I am least involved in con-
servation is that conservation has been racially white-driven. It is driven by white 
populations and driven by those more resourced, but I hate the word “resourced” 
because it is this weird, disembodied thing. It is like, they are this group with more 
resources because they have taken resources, right? So, I think conservation is tied 
to expropriation in a way that does not interest me. It is really difficult, and maybe 
you all have feelings about this, but being in love with biology and ecology yet not 
actively doing conservation feels disingenuous sometimes because it is like, 
“Shouldn’t my work be to protect the thing I love?” But I think the reason that my 
work is more towards science and justice is that the effort of conservation histori-
cally has circumvented how and why we arrived at having [conservation] problems, 
and who is most harmed by these problems. I trust that there are many, many “well-
resourced” white people who will keep doing conservation, but there are so many 
fewer black women with Ph.D.’s who will do the other stuff. So that is what I do.

Angelica Patterson  �Yes, that is a great synopsis. Jorge, what are your thoughts?

Jorge Ramos  I was trained very “STEM.” When you get into this field, and your 
mentors are all research professors at universities, you are directly and indirectly 
told you are just going to be a scientist. I was always told not to do outreach because 
I was not going to be seen with credibility. It was ingrained in my head that I needed 
to be a pure scientist, where later I found out that I could not leave outreach out of 
my life. I could not leave mentoring or education out of my life. So, I did not pursue 
that traditional, expected path from my committee to join a tenure-track faculty job. 
It was interesting listening to Sue. Everything in my Ph.D. was Environmental 
Science. My first job was all conservation-oriented, protecting nature for humans. It 
was a nonprofit world, as with here at Stanford and with the Ecological Society of 
America (ESA).25 I do pretty much all education, outreach, and mentoring. I have 
been a part of the ESA SEEDS program for 17  years and with SACNAS, for 
18 years. I have always included authentic DEIJ (diversity, equity, inclusion, and 
justice) work by interacting with the people in our mentoring programs and talking 
about science. We did not call it DEIJ back then, we were already doing this work, 
but it did not have a name.

25 The Ecological Society of America homepage. The Ecological Society of America. (n.d.). 
Retrieved December 15, 2021, from https://www.esa.org/
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The weird one is sustainability for me. SEEDS and SACNAS made me realize 
what I was getting taught at school was all just polarized with whiteness. So SEEDS 
and SACNAS kept me grounded in a broader reality. I was at Arizona State 
University (ASU)26 when the university created the first sustainability school in the 
USA. It came from an urban perspective and was mostly driven from a very homog-
enous perspective of wanting to put a name to practices that other people in the 
world have done, apply a theory behind it, create new terms, which then became 
money-oriented. Working at Jasper Ridge has made me see conservation as land 
management instead of the traditional view of conservation of the polar bear or the 
panda that we used to see as kids. The explorers of National Geographic photo-
graphed the snow leopard—that, for me, was conservation growing up. But now, 
being exposed to more people who have relationships to the land, we can ask how 
fires are impacting Latinx populations—a population that has the highest risk of fire 
exposure.27 Conservation has become about land issues for me, which makes it 
more relatable to everyone because we all step on land. I do not mean that in a bad 
way—we walk the land. But sustainability has become a term and a concept that 
started a long time ago with community-based actions, by communities for com-
munities, and now sometimes in these academic worlds, it has turned into some-
thing that is almost impossible to achieve. So sustainability is the one concept I still 
need to process, especially because Stanford is now creating a new school centered 
on sustainability, 15 years after ASU founded the first one in 2006. I am sometimes 
very conflicted with sustainability because I ask, “Is it a theory or is it applied?” The 
thing that makes me feel better about being here is that earlier this year we created 
an academic minor on environmental justice.28 We wanted to make sure the environ-
mental justice curricula were included. I worked with a great group of people led by 
Dr. Richard Nevle—we just launched it, and I was just notified that the first student 
declared environmental justice as their minor! We were very happy! This minor in 
environmental justice is the first one that focuses on history, how to work with com-
munities, and how to translate it into practice.

Angelica Patterson  I think you bring up such a great point, and I too feel that it is 
hard to disentangle our roles in all of these—science, conservation, sustainability, 
and justice, mostly because of who we are and our marginalized positions in this 
field. Whether or not I consider my job or expertise exclusively in science? No. 
Because I work with so many teachers and educators from different types of institu-
tions that impact so many different types of students from different types of places 

26 Arizona State University Technology Office. (n.d.). Arizona State University homepage. Arizona 
State University. Retrieved December 15, 2021, from https://www.asu.edu/
27 Choi, M. (2021, July 2). The disproportionate fire risks in Latino communities. 
POLITICO. Retrieved December 16, 2021, from https://www.politico.com/newsletters/morning-
energy/2021/07/02/the-disproportionate-fire-risks-in-latino-communities-796288
28 Dulisz, D., & Stanford University Bulletin. (n.d.). Easys-Min Program: Stanford University 
Catalog. EASYS-MIN Program | Stanford University Catalog. Retrieved December 16, 2021, 
from https://bulletin.stanford.edu/programs/EASYS-MIN
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with different types of backgrounds and experiences. How you activate that enthu-
siasm in young minds comes in different ways. Whether through art, their music, 
humanities, writing, or purely in the lab or in the field. It is hard for me to see how 
all those experiences can be siloed. I probably have the least connection as well with 
sustainability because it seems like such a nebulous term now. What does that really 
mean, and who is it really for? As we get more people from different backgrounds 
involved and really evaluate what communities need to survive in this changing 
climate, we could better understand what that term means for different people in 
different places.

In my role, I definitely teach environmental science, and like you, Jorge, I under-
stand conservation through land management, because I work in terrestrial forest 
ecosystems. A big conservation effort that we have is centered around wildlife and 
habitat connectivity and carbon sequestration in our forests. There is an exploration 
into whether or not Black Rock Forest could be a place that could be established as 
a carbon offset in the carbon credit sphere. I do get pulled into conversations through 
my work as a board member for a land trust. I get pulled into conversations around 
policy, and I do feel that fields that are deemed to be outside of science have become 
important and relevant. I do find myself being the one to remind policymakers or 
scientists to think about bringing in more diverse people into these conversations. 
Who is on this land? We cannot just think about the green spaces. We also need to 
think about the urban areas and the communities that are underserved. What grass-
root efforts are being made in those communities? A social science part also comes 
through even though I am not formally trained as a social scientist, but I understand 
that these things cannot be ignored in these conversations. I definitely see myself as 
interdisciplinary in that aspect.

How much do you prioritize and value mentoring and teaching students who are 
preparing for their own careers and lives? Do you prioritize or value this because it 
is your specific job duty or expectation, or is it also, or instead, a personal advoca-
tion or a bit of both? So maybe we will start with you, Sue.

Suzanne Pierre  There is no part of my job that formally requires education or 
mentorship. In my position at the California Academy of Sciences, I am just a 
research scientist, and I have no service requirements, which is kind of awesome in 
a way. If I wanted to be more directly involved in teaching and mentorship, I would 
probably have gone the tenure-track route. There are a number of other reasons why 
I did not go that kind of faculty direction, but one aspect of it was that I wanted to 
be more flexible in how I teach, who I teach, and how I mentor. So, I have been able 
to make that more of a personally directed practice. But that is also very compli-
cated because I prioritize it, and I see teaching and mentoring as deeply embedded 
in the process of shifting the culture of science and the practice of science. I see it 
as completely necessary to invest in early-career scientists and students. The other 
part of it is that I am really trying to create a disciplinary area that I wish existed 
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when I was a student. I think a lot about what kind of resources I would have wanted 
as a student, and I try to create those and make those available. I also dive into the 
process of having a nonprofit lab as well as a kind of institutional lab space. But I 
also think about the academic culture I would have wanted when I was younger, and 
the ways that I was not served by the academic institutions I attended. I am building 
a world that I wish existed for me. I am thinking a lot about and talking to students 
about what they need, constantly reflecting on their feedback about the intellectual 
space I am creating. It is a weird thing because I am not paid to do that yet. Maybe 
one day there will be compensation, but I am doing education and mentoring in 
that way.

Angelica Patterson  That is great. Tanisha, what are your thoughts?

Tanisha M. Williams  I do prioritize and really value mentoring and teaching stu-
dents. It is a part of my job as a postdoc to mentor and teach students, and I enjoy it. 
It is really corny, but the students are our future. When I see them light up about new 
ideas, listen to them talk to each other about different scientific topics, things like 
that excite me. It gives me ideas as well, and it gives me hope. Although I am men-
toring and teaching, they are also teaching me. It is a back-and-forth relationship; it 
is not a one-way street. So, I get a lot of energy out of talking to younger folks and 
hearing more from them. It is just wonderful to see that and to know no matter what 
form that you are doing it in, whether it is in academia or outside of academia, we 
are touching not only students’ lives, but we are touching people’s lives. These are 
people that we are giving a little bit of us (our knowledge, experience, compassion), 
a little bit of advice, a little bit of science that hopefully they carry on and pass on to 
the next person. I did not understand the connection until I really started to do it 
more on a daily basis. I am also thinking about what my mentors have done and are 
still doing for me. It makes me reflect on some of the really great mentors and teach-
ers that I’ve had.

Angelica Patterson  That is great. I definitely agree. I highly value and try to pri-
oritize mentoring and teaching students about careers and the future—how to get 
involved and navigate this field in different ways. I have been prioritizing mentoring 
since I could officially do so, even before becoming a graduate student when I was 
working at Barnard College29 as a research assistant. When students came into the 
lab, I would always ask them, “How are you feeling today? What challenges are you 
encountering? This is what I did to overcome feelings of imposter syndrome.”

I started to do more peer mentoring as I got into graduate school in an effort to 
advocate for us as graduate students because we were not getting that mentorship 
and guidance that we thought we deserved. A cohort of us realized that there was a 
gap. Resources were not being provided to us as graduate students, and more 

29 Barnard College homepage. Barnard College in New York City. (n.d.). Retrieved December 15, 
2021, from https://barnard.edu/
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specifically, as Black, Indigenous, and People of Color (BIPOC) graduate students. 
That is when we started the Student of Color Alliance30 at Columbia University, the 
first [of its kind] graduate student group officially recognized by the university. 
There was another graduate student group, Women in Science at Columbia,31 for 
which I also became an active leader as Co-President. It was all about providing 
programming to help support us in every career stage of our life up to then 
and beyond.

Now, my work focuses on working with educators and sometimes with students 
in the field. I do find opportunities to interact with students one-on-one, and that is 
usually when I start to give talks about my research or my career journey. When I 
am invited to speak in classrooms or for seminars, I start getting emails from a stu-
dent who wants to talk to me about, “How the heck did you graduate from this 
institution when you almost failed out of undergrad? How did you do that?” I am 
able to help them, and that is so inspiring because I wish I had that when I was going 
to college. Any opportunity I can get to mentor someone, is what I do, and what I 
lean upon. How about you, Jorge?

Jorge Ramos  I make it part of my job, so I am actually really lucky because it is 
one of the things that I love to do. I have all my greetings and thank you cards on 
my desk. When students start gifting you things as a “Thank you” when you do not 
even expect it, all you do is cry—I do get teary. The first experience I had with 
authentic mentoring was when my mentor, who was a Latino geoscientist, Dr. Aaron 
Velasco, put a bunch of us undergraduate students on a bus to go to a SACNAS 
conference, from El Paso, Texas to Albuquerque, New Mexico because it was super 
close to us in distance. After we came back, two of us founded the SACNAS chapter 
at The University of Texas in El Paso. It was something we thought of in regards to 
how we can offer what we just experienced during the conference to everyone back 
on campus. Back then, SACNAS was a small national conference. Now it has grown 
to thousands of members and participants!

Ever since then, I realized that without mentoring, navigating academia is hard. 
I realized that during my career, and even now at Stanford, I aim to be a mentor. I 
do not get to supervise students directly. I do not have a lab, so officially, sort of 
similar to what Sue was mentioning, I voluntarily mentor within these organizations 
even though it is not in my job description. I do that because it is fresh in our memo-
ries, the lows and the failures that the Principal Investigators (PIs) do have, inten-
tionally or not, because of the system that they are in. I try to fill in those gaps 
immediately: “You have no idea how to submit your first abstract, so let me help you 
with that.” Angie has seen some of the emails that I have received from some stu-
dents: “Jorge, no one had mentioned this to me,” and they were seniors about to 

30 Columbia Students of Color Alliance homepage. Columbia students of Color Alliance. (n.d.). 
Retrieved December 15, 2021, from https://blogs.cuit.columbia.edu/columbiasoca/
31 Women in Science at Columbia homepage. Women in Science at Columbia. (n.d.). Retrieved 
December 15, 2021, from https://www.womeninscienceatcolumbia.org/
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graduate. These are all students of color. I mentor students in these chapters on how 
to write fellowships and scholarships because I remember how unhelpful and 
unequal the system was. Some advising can still be brutally exclusive and people 
that have previous knowledge or support groups are able to succeed. I do that very 
intentionally, and I love doing it and teaching in informal spaces, like at Jasper 
Ridge. Also, because very few people in academia have nonprofit career experience 
in the past, I also mentor students to see different career pathways. I chose not to be 
in traditional academia for my career path. They are like, “Oh, well, you have an 
alternative.” It is not an alternative. I am happy. I chose this, and this is my way of 
life. So, I prioritize it. It is a personal mission of mine. I still get mentored on how 
to mentor by other colleagues that are great mentors. Some students teach me how 
to mentor. I think mentoring is beautiful, and it makes my days, weeks, months, 
and years.

Angelica Patterson  That is great. How does your research or teaching philosophy 
intersect with issues in sustainability and/or environmental justice? How have you 
been engaged in these issues personally or professionally? Using your professional 
knowledge and lived experiences, have you engaged students or public audiences to 
take interest and/or action in environmental research or activism, and if so, how? I 
know it is a loaded question. Maybe, Jorge, you can go ahead?

Jorge Ramos  One of the main things I always do, and I have learned through 
working with Latino Outdoors is how to be a better teacher. Since I teach outdoors, 
I always have to prioritize that sense of belonging, that sense of comfortability, and 
that sense of it being safe outdoors. Those are the first ways in which I teach, and 
have pursued teaching as I strive to improve my teaching. I like to think that the field 
removes so many other barriers like the walls, the classroom, the power person in 
front and the sitting down in the back row, the front rows like the overachievers, 
hand raising—all of that. We have removed that by being outdoors. But then the 
outdoors brings other aspects like first-timers, or uncertainty, or stereotypes. I 
actively like to switch that, so I have to be always very conscious. And it is always 
just listening. Listening also means observing the students—which ones do not even 
want to go off the trail or which ones are always clenching their arms. You have to 
observe to understand.

Because our course is a natural history course, my other co-instructor, another 
Mexican ecologist, and I were very aware of these interactions of the students with 
each other and with the environment. Maybe it is because we are also outsiders in 
many ways here in the USA and at Stanford. We bring a lot of the history and the 
human component to our teaching. We always start with bringing an archaeologist 
to share the story of Jasper Ridge in the past and its relationship in the present with 
the Muwekma Ohlone tribe. We always invite our students to attend a Muwekma 
Ohlone tribal event, so they can see that they are just like us. There is no need to 
exoticize them. Our archaeologist always says that if we really want to learn from 
them, we should just attend their public events and participate. They wear tennis 
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shoes, just like us. She is always promoting that we read, “Changing the Narrative 
about Native Americans: A Guide for Allies,”32 in order for students to remove any 
misconceptions, false or harmful content about Native Americans. We try to bring 
the human element into our course. This leads us to a nice segue to environmental 
justice. Just bringing the human into nature brings in the ideology of justice because 
we share it. I think that is one of the ways that we do it in teaching.

Having more diverse organizations, like SEEDS, SACNAS, AISES,33 Latino 
Outdoors, the Native American Cultural Center,34 organize and attend more events 
here at Jasper Ridge, allows people to see what  is inside the Jasper Ridge fence. 
Some members of these groups had only heard of Jasper Ridge but they thought 
they could never visit because they saw it as an exclusive location. We had to explain 
why this is a private preserve. It is all of these concepts of a barrier, the concepts of 
needing permission to be here, the concept of who is on this side of the fence, do the 
staff or the docents represent the diversity of the Bay Area? For environmental jus-
tice, we try to answer what it means in this space, in the history of this space, and 
then how do we train the future generation of docents that are going to be explaining 
to guests: Why is there a fence? Who had land ownership? What is the history here? 
We train our docents and provide them with materials so that they can share a cor-
rect and respectful representation of the history of Jasper Ridge. I do not teach 
environmental justice courses, and I do not have the theory and deep history knowl-
edge of environmental justice. I do actions here at Jasper Ridge, and maybe I will 
even take courses in the Environmental Justice minor to learn more about it.

Angelica Patterson  Great. Tanisha, do you want to go next?

Tanisha M. Williams  Yes, I think I am with Jorge, where I do not teach or research 
environmental justice or sustainability. I am doing it in a more active way like you 
were talking about by bringing a human focus to the environment—like, who is cur-
rently on the landscape, who was on the landscape, who was taken off the land-
scape, and how do we teach these different concepts. That is an aspect of 
environmental and social justice that I have been trying to bring into the classroom 
as I develop teaching materials for my courses in climate change and ecology. With 
Jorge, Sue, and Angie, what you all have touched on—I want to explore what I 
wanted to learn when I was in school, what I wanted to see, and so I am trying to 
bring a little bit of that into this white academic structure that I am in right now. I 
want to bring in some of those issues of justice that touch on social justice and bring 
in the environment.

32 Campisteguy, M. E., Heilbronner, J. M., & Nakamura-Rybak, C. (2018, June). Changing the 
narrative about Native Americans: A guide for allies. Publications. Retrieved December 16, 2021, 
from https://rnt.firstnations.org/wp-content/uploads/2018/06/MessageGuide-Allies-screen.pdf
33 AISES homepage. AISES. (2021, November 17). Retrieved December 16, 2021, from https://
www.aises.org/
34 Native American Cultural Center homepage. Native American Cultural Center. (n.d.). Retrieved 
December 15, 2021, from https://nacc.stanford.edu/
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Our communities already had and have all of this knowledge. We have had 
knowledge of the land, ecology, biology, medicine, and anything you can think of; 
we already had these connections. We already had the knowledge, but it was not 
seen in this western world as knowledge. Because of the dismissal of knowledge 
systems not known or understood by the western world, I am now digging in 
archives to bring this historical knowledge to the forefront. I want to make sure that 
my students are learning this science along with the other things they are required 
to learn. This inclusion or highlighting of historical and current knowledge systems 
and science from Indigenous and other underrepresented groups is how I am bring-
ing environmental justice into my research and teaching.

For the last question, I have been doing science communication, science policy, 
and science outreach since high school. I was in a science camp because I was a 
nerd all the way back. We would do different outreach activities at the local farmer’s 
markets. I was doing science communication to my great-grandmother, explaining 
how I built a robot in summer camp and why it is lighting up. I have been doing this 
work for a while because I think it is so cool and awesome. I want other people to 
think it is awesome and cool and learn a little bit and have fun with science as well. 
Where else do you get paid to ask questions and design experiments to answer those 
questions!? Black Botanists Week has been huge for public awareness of me and my 
work, although I have been doing it for a while. The organization has helped put the 
issues I am passionate about and move them to the forefront. I have been able to 
work as an activist, touch on injustices, highlight unknown people in botany, and 
highlight people’s research that would not get any shine. They are doing incredible 
work, but they just are not highlighted like their white peers. This is something that 
Black Botanists Week tries to focus on. We are highlighting Black people in this 
space. And we also try to reach out to Black, Indigenous, and People of Color 
(BIPOC). I know we are seen as for “Black people only,” but we always do try to 
have a day to highlight BIPOC members. We want to amplify underrepresented 
groups in botanical sciences. I know we are moving away from the use of BIPOC, 
but however we define it, we want to say yes, Black people, Indigenous people, and 
People of Color have their struggles, and yes we all have our individual struggles 
(that impact us and our communities differently), but we can come together and say, 
“Hey, we’re struggling together. Let’s lift each other up.”

Angelica Patterson  I agree. I think it is funny that when I wrote this question, I 
was trying to answer it. Now, I have the terms to describe what is going on, but I feel 
like it has been a process over the last several years to decolonize my teaching and 
thinking because we have been trained that way. From the materials that we were 
taught and knowing that the teaching was not quite right, I had to decolonize the 
way I thought about science, teaching science, and engaging with my students. I am 
in the process of re-learning how to diversify the curriculum using my lived experi-
ences. It helps to be able to have conversations with people from my community, 
who look like me, who have gone through similar training, seeing how they teach 
and how they do research. That is why I am so glad that all of you are here because 
you do it in very different and creative ways.
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With my job, now, I have the chance to incorporate a lot of creative curricula—
not only having teachers teach their students about forest ecology, or botany, or 
whatever is in the forest but to have them think about an additional layer of the land 
that we are on and the history of the land. Black Rock Forest is so rich in how the 
land was used and who occupied the space before European settlers, the Lenape 
Indians. Thinking of ways to incorporate that type of history into students’ experi-
ences and learning about where they are studying is super important. I am hopeful 
that with this creative programming and curriculum, I can engage students from 
underserved communities that are right next door to Black Rock Forest and get them 
enthusiastic about learning about what is in their backyard. I can inspire them to be 
stewards of the land that they are occupying right now. Hopefully, that will trans-
form into more activism and passion for the larger issues of climate change and 
other environmental issues that are happening right in their backyard. I think I will 
end with that. Sue?

Suzanne Pierre  Both my research and teaching philosophies or core values are 
informed by environmental justice, which I think is inherently tied to sustainability. 
The reason that my research, science, and teaching philosophies are oriented 
towards environmental justice is that I not only have this deeper feeling of being 
interested in the environment, alongside having the wonderful experience of nature 
and loving biology for what it is, but I feel like the environment is really just a 
reflection of what society is doing and societies are always enacting harm. I was 
aware of that as an undergraduate, and initially, I was more on the environmental 
policy and environmental humanities side of things. But I do not really think that the 
things that we think we know about the environment are fully representative of what 
is really happening. Look at the people doing the research, and look at who came up 
with the questions and the methods. I was not a “STEM person” at that time, but I 
was very scared. Then, I thought, I am going to declare my major to be science-
focused. The personal context of it is, if we do not get involved in the process of 
knowledge-making as non-European and non-white people, then our stories are 
absent. 

Our stories are tied to the justice question of the harm we have been incurring for 
years. That influences the questions in my research, but it also influences my teach-
ing. My teaching philosophy, with what Jorge said earlier, is the feeling of belong-
ing, and the feeling of comfort, and the sense that you deserve to be somewhere, and 
that you are at home wherever you go. That is the opposite feeling that I think sci-
ence has given marginalized people forever, which is that you do not belong here 
spatially, intellectually, or culturally. My work in environmental justice is not neces-
sarily identifying where contaminants exist in a particular location or measuring 
some public health parameter. My work with justice is finding out the things that we 
do not know about global change and global oppression. Justice is knowledge-
making and who gets to do it. That is part of my work as well. My professional 
knowledge is my lived experience, and my lived experience is what connects me to 
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people like you. I never filter out the ways that my personal experience in science 
has made me who I am, and that just further allows me to engage with students and 
the public, because it humanizes me. I want to show up in every space as my full 
self, and my actual full self is simultaneously an activist and researcher.

Jorge Ramos  I want to give credit to what you said about the comfortable space 
and sense of belonging. I said that I learned it through Latino Outdoors, not through 
academia, which is a community grassroots organization. I am validating your point 
that back in our day of graduate school, we did not get taught these things, so it was 
my participation in that group that taught me that, and now I am able to implement 
that here at Jasper Ridge.

Angelica Patterson  This question actually got me thinking also about influencing 
and engaging students or public audiences to take interest in activism. I have never 
been one to engage in activism, in the sense of marching in the streets. I have done 
it in the past, but time escapes me and I feel there are other ways to engage in activ-
ism. That got me thinking of the definition of activism: what does it mean to be an 
activist? Are there different ways you can engage people to make a change without 
the traditional sense of what I think activism is? It can mean different things to other 
people. Am I an environmental activist? Do I influence others to become environ-
mental activists? I am not sure because I would have to define what it is. But I do 
know that I advocate a lot and now speak up in white-led spaces. I make sure to 
make my voice heard. I make sure to include people who should be stakeholders in 
these conversations, which are usually from marginalized groups. Whether it is a 
personal or professional connection, I will be sure to bring somebody to a meeting 
or will I encourage you to bring someone or encourage someone to bring somebody 
else who should be sitting at the table. My activism is to inspire Black, Brown, 
Indigenous, and People of Color to engage in science and to become leaders in sci-
ence. When “they” want experts in the field, the people we have encouraged can be 
ready, equipped, and confident to be that voice of “the expert” who can contribute 
to the conversation.

Tanisha M. Williams  As you were talking, I got flashbacks of my life and my 
activism route, such as what I thought activism was as growing up in Washington, 
DC. I thought it was that you had to march and be on the street, which we need, but 
there are so many different roles to being an activist. I went to California State 
University, Los Angeles,35 which is a Latino-serving institution, and immediately 
got involved with Students for Quality Education.36 This organization was for 

35 California State University, Los Angeles homepage. California State University, Los Angeles. 
(2021, December 24). Retrieved December 16, 2021, from https://www.calstatela.edu/
36 California State University Students for Quality Education homepage. California State University 
Students for Quality Education. (2018, December 18). Retrieved December 16, 2021, from http://
csusqe.org/

4  Building Authentic Connections to Science Through Mentorship, Activism…

https://www.calstatela.edu/
http://csusqe.org/
http://csusqe.org/


64

undocumented students and helped students gain their undergraduate education. We 
spent most of our time dealing with racist and restrictive legislation but were also 
marching on the streets and working in the neighborhood. My master’s advisor 
asked if I wanted to change my major. This was a turning point for me. I wanted to 
finish what I started out to do (get my science education) and also help in the strug-
gle when I could. I feel like my activism has kind of changed, just like you said 
Angie, from marching on the streets and signing petitions, unless I feel the petition 
is going to get some traction and will do what it says it is going to do. It has changed 
to talking to younger people about science, talking to younger people about unlearn-
ing certain things and the system, giving them resources about different, diverse 
scientists, and about different groups of people who have made our society a better 
place. I see my activism not only to Black, Brown, Indigenous, and People of Color 
but also to my white students. Wake up, it is not only Darwin! There are real people 
behind that white face, so I make sure that they are aware of those people, too. 
Everyone needs to unlearn this system, and everyone needs to be an active partici-
pant in making sure we get what all of us are fighting for. Making sure we get envi-
ronmental justice, social justice, human justice, all of these things are interlinked.

A lot of people of color, myself included, have been saying that we are just sci-
entists, but by being the color we are, from the cultures we are from, and having the 
experiences we have, we are not just scientists. We are actually doing justice work 
just by showing up. Someone told me a long time ago that being a Black woman in 
this career, you are justice, you are showing up and doing what you need to do. Not 
to say we should just stop there. But what we are doing right now is huge, and then 
to turn back around and give back to the next person, and not only just one person, 
but all of these people that we have been mentioning that we are mentoring. We are 
trying to build up the next generation. I also feel that social media is helping me 
reach more people. I am not only at my university or within my neighborhood doing 
activism, but I am talking to people from all over the world. In 2020, the amount of 
students that I talked to from all over the world, such as in Africa and South America, 
who reached out and wanted to talk to me about my pathway, different experiences 
that I have had in science, or just, in general, has been phenomenal. Being able to 
just talk to people about my story, telling them that this is what I did, but there are 
so many ways to succeed, and letting them know that whatever they do next, I sup-
port them, and they can always use me as a resource.

Angelica Patterson  Can you comment on whether you or your students gain a 
more authentic connection and scientific understanding about research or scientific 
concepts, if and when a sustainability or environmental justice lens is applied. Jorge, 
could you start us off?

Jorge Ramos  Yes, because it comes more from the heart when they see that you 
care and you share your story. It is almost like you can do it too and you will not be 
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alone because I did it and I can help you to do it. When we get our feedback on 
teaching evaluations, the Latinx students say that they never thought they were 
going to get taught by two Mexicans at Stanford. They are just blown away that they 
can speak Spanish in the field with us. We give them the advantage of, for example, 
knowing this scientific name if you are a bilingual Spanish speaker. They have an 
advantage immediately over someone else, to show that they should be proud of 
being bilingual and that they are able to learn something faster and better. The stu-
dents in our Stanford SEEDS chapter developed a whole virtual environmental jus-
tice and climate change curriculum to teach high school students enrolled in an 
alternative/continuation public high school in Redwood City.37 They used sea-level 
rise and maps to show how their communities in East Palo Alto were more in danger 
than other parts of the Bay Area. It is the one area getting pushed by the housing 
crisis, the one getting pushed by sea-level rise, and it is a community that has almost 
been forgotten and ignored by many powerful and big institutions and corporations 
nearby. It was really obvious to see that the SEEDS students from marginalized 
communities took pride in developing a curriculum for other marginalized commu-
nities because it is easier for them to teach something because they care about it, 
they know it, and they live it.

Angelica Patterson  Sue, do you have thoughts on that?

Suzanne Pierre  Students come into these environmental science and earth science 
courses with an underlying knowledge of ecological problems that they are going to 
be exposed to as well as a latent awareness that these problems do not come from 
nowhere. They do not solely come from burning fossil fuels. There is more to it than 
that. Students are not actually presented with that bigger picture, so in a way, I feel 
like we lose so many students who are not from white or wealthy backgrounds. 
They feel that others do not have the whole picture because what they are taught 
does not really address their diasporic, generational, and lived experiences in their 
communities. It feels incomplete, and without the justice lens or the role of social 
processes in what we teach in the basic science courses, the students feel that they 
are being lied to. For first-generation college students or those from communities 
that do not send a lot of students to college or graduate school, there is a whole 
bunch of people supporting them in arriving at that university. However, if the work 
that they are doing does not either directly serve their family or, more generally, 
serve the community, oftentimes it feels like there is a lot of conflict around what 
they are doing here and who it is for. I think that one day in some beautiful future, 

37 Stanford University. (n.d.). 2021 Jasper Ridge Environmental Education scholar award winners: 
Sydney Lee Schmitter and Sriram R Narasimhan. Jasper Ridge Biological Preserve  
News. Retrieved December 16, 2021, from https://jrbp.stanford.edu/
news/2021-jasper-ridge-environmental-education-scholar-award-winners-sydney-lee-schmitter-
and-sriram
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all people can study whatever they want, regardless of its connection to justice—
they can just do it because of their inherent interest. But that is not the reality. The 
reality is that we are humans, and we are deeply tied to who we are and who we 
love. The way that we present basic science, research, or concepts, if it is not tied to 
those realities, we are doing a disservice.

Angelica Patterson  That’s fantastic, I totally agree. Tanisha, do you have any-
thing to add?

Tanisha M. Williams  In the past, it was alright to not even worry about justice 
and just teach a white-washed version of science. Now and in the future, with the 
movements that are happening, people are feeling more empowered to advocate for 
themselves, their communities, their families, and the issues that are important to 
them. The system is not going to be able to teach environmental science, environ-
mental justice, and sustainability as it has been doing. I am really excited to see this 
change in how people want to learn, what they want to learn, and how they want to 
learn the truth and the facts. Students are definitely gaining more of an authentic 
connection to science because we are actually teaching the truth, and the truth 
incorporates the environment, the truth incorporates humans, the truth incorporates 
injustice, inequalities, and disadvantages. It is all connected and people want to 
learn the truth.

Angelica Patterson  Absolutely, and I too feel that it is all about context. If you are 
being impacted by your family, historically, and thinking about the future, your 
future family, descendants, and how you will be affected by the climate change 
crisis, you are going to want to be empowered to do something about it. I was first 
introduced to the field of environmental justice when I took a class at Cornell 
University.38 I read some work by Robert D. Bullard, who is termed the “Father of 
Environmental Justice.” He had written the book, Dumping in Dixie: Race, Class, 
and Environmental Quality39 about the grassroots “Not in My Backyard” movement 
around the dumping of chemicals and pollution. People in the community who were 
getting sick and dying because of these environmental disasters stood up for them-
selves and spoke up about this injustice and actually made some change. When you 
can connect those types of experiences, like what is actually happening in other 
people’s backyards and what is happening in your backyard that is affecting you 
personally, it is hard not to do something about it. So a key motivator is for students 
to be able to understand how environmental injustice is affecting their experiences 
so that they can be the ones to do something about it. If they feel they cannot do 
something about it, they should feel supported and empowered to get the necessary 

38 Cornell University Office of Web Communications. (n.d.). Cornell University homepage. Cornell 
University. Retrieved December 16, 2021, from https://www.cornell.edu/
39 Bullard, R. D. (1994). Dumping in Dixie: Race, class, and environmental quality. Westview Press.
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education, experience, collaborations, and partnerships to be able to make a change 
in their community.

You are all active advocates for diversifying the environmental science field 
while creating spaces that are inclusive, equitable, and accessible for scientists who 
have traditionally been excluded from this field. In what ways have you made the 
environmental field diverse, equitable, accessible, and inclusive? What challenges 
have you encountered along the way and how have you resolved them? Jorge, would 
you like to begin discussing this question?

Jorge Ramos  I think it was Sue who made me think about how unfiltered we are 
now. I used to be very afraid of being gay and proud, or if I should do outreach or 
not. I used to be very afraid of telling people that I did not pursue getting a tenure-
track position. Did I fail? But now, I am very out and proud about outreach and 
being gay and Latinx. Showcasing that to any collaborator from the first moment, to 
students and to faculty, I am not afraid anymore. I give thanks to the communities 
that supported me, right now: SACNAS and SEEDS. When I came out, some men-
tors were like “Jorge, we knew. We were just waiting for you.” They kept wanting 
me to write proposals with them, and they kept wanting to hang out with me. By 
showing that in my space, in my office, in my teaching, and in my research, or just 
when I talk to you, I hope I will work towards making it more diverse, inclusive, and 
accessible.

However, the newest challenge I have encountered is the hierarchy in academia. 
There are many levels in academia. Now, having graduated and being on this side of 
the university, there are many barriers that as a staff member, make it difficult to 
change the system where students think we can. I have been called out by some 
students that have not been on this side who say, “You’re already in a position of 
power. You’ve failed us.” I do not fight back with them, but I do say that I am trying 
my best, but it is hard as a staff member in a heavily hierarchical institution. There 
is so much work to be done. It is not by accident that a lot of members from margin-
alized communities left and ended up in outreach, education, or ended up in staff 
positions. I do not think it is just by chance or just an accident that we ended up 
there. Within my power from within my position, I will make it very, very inclusive 
and diverse because I am not afraid anymore.

Angelica Patterson  I love that, yes. Ending in hopefulness, absolutely. Tanisha, do 
you want to go next?

Tanisha M. Williams  What I have actively done is outreach, and just like Jorge, I 
have been doing outreach for a long time. Because I like to talk and I love new 
experiences, I find it easy to connect with people. When I got into research, we were 
extracting information, yet we did not do anything to give back to this community. 
Yes, our research was being published, but those publications do not help the com-
munities in which we found some of the plants. So, I made sure that with every trip 
that I took, internationally or locally, I spent time with students and communities to 
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help offer what I could, by mentoring, tutoring, or planting vegetable and fruit gar-
dens. My outreach efforts are not only working with students and working with 
children, but I really like policy. I am from Washington, D.C., so politics is in my 
blood. I am up in senators’, congressmen’s, and congresswomen’s offices. I am talk-
ing to them and saying, “The National Science Foundation (NSF) needs money and 
these are the projects from your state that were funded. You are not only helping the 
scientific community, but these are the people, your constituents, that you are help-
ing.” I went to so many people’s offices that they started to come to visit me at the 
University of Connecticut. I love that type of work because it makes me feel like I 
can change this larger system a little. If I can get policymakers to sign a bill saying 
that they are going to commit more money to NSF, that is real change.

Moving to some of the challenges that I see, with Black Botanists Week, for 
example, we have been staying online because of the pandemic. I do not want it to 
be solely online. I do not want our only connection to be through social media. I 
want this movement to actually get offline eventually. It is just something that I 
worry about with some of the movements that are going on. I want to make sure that 
we get offline and we do things in person. In the way you are saying Jorge, for 
Latino Outdoors, not only do I want us to do things to uplift each other, like offline 
and meet one-on-one, take it a little bit further. How can we actually change the 
system? How does Black Botanists Week, the Critical Ecology Lab, Latino 
Outdoors, we, with all of our expertise, all of our passions, change this system? 
Even just a little. I do not have any the answers, or how to resolve it yet, but the first 
thing is getting offline and talking to people offline and joining forces as well. We 
are specialized in different fields, but we should come together. I know it does not 
always work, but there are certain issues that we can all come together on.

Angelica Patterson  That’s fantastic. And Sue, do you have anything to contribute 
to this one?

Suzanne Pierre  A lot of these questions have centered around the ways that the 
work we are all doing is about inclusivity and equity. It is so important to me to go 
back to this idea of the narratives of science and the story that we tell about global 
change. Supporting that story that is woven into the stories of our diasporas and the 
processes that shape those diasporas and really explaining those stories through 
some type of scientific method is the place that I think my advocacy has always been 
centered. Doing that work of giving examples of basic research, developing tools, 
and developing methods is my activism. I want to make space for other people to 
then pick those tools up, pick those frameworks up, and apply them to their work. 
Activism is not just direct action; it is also practice. It is the way that we make our 
path in the world. Even if the Critical Ecology Lab is just one organization taking 
these steps and making these methodological arguments for why justice is inher-
ently a part of global change, anybody who observes it gets to say, “Someone 
thought about this and someone put effort towards this.” That is being a part of a 
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conversation so that is the way I do activism. I think that has natural connections to 
policy because science informs policy and if we don’t have certain answers in sci-
ence, there will not be a political outcome from it. That is the link that I aim to serve.

I get so many people who reach out and just say, “I’m so delighted to see a brown 
woman in soil science or in ecology.” I am sure you all get those comments as well. 
It starts with relationships, and just by being present in a very white space, I can 
form relationships with people who need that connection. Activism, in my expan-
sive view of it, is also about transforming ourselves and you all have touched on 
that. But one of the ways that I think my self-transformation needs to happen and 
continues to happen is related to the presence of so much hurt around these topics. 
There is so much alienation, there is so much pain. Even though we are advancing 
in our careers, we are becoming mentors and leaders, and we still carry that. Building 
relationships with young people and other non-white scientists is a sort of therapy. 
That is world-building and that is transformation. Relationships that all of you have 
touched on have been a form of activism for me.

Angelica Patterson  Absolutely, and I love that you stated relationships and world-
building, especially doing work for ourselves. As we all mentioned, us being here is 
transformative for young people who see somebody like them represented in this 
field. However, the challenge for us and for me, in particular, is community build-
ing. I am so glad that we are on this call and talking about it, and we have yet to meet 
in person, but at least we have the space to be able to communicate, bounce ideas, 
resonate our thoughts, conflicting ideas, and concepts of whatever comes into mind 
with each other. After this phone call, I am going to go back to my place of work and 
where I live, and it is predominantly white. It is a white space, and I am the only 
one. I have been the only one, since grade school, growing up in northeastern 
Pennsylvania. I think the challenge lies in how we, as early-career scientists of 
color, build our community to have it be stronger. There are groups, such as Black 
in Geosciences,40 SEEDS, and SACNAS. But when it comes to postgraduate stu-
dents, I do not see much of that community. If we can create a stronger support 
network for all of us and uplift each other along the way, we could really make some 
changes. With that, I am going to end this, and I want to say thank you all for being 
part of this conversation. I am so honored to be able to talk to you and meet you and 
have you be a part of this project.
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Chapter 5
A Commons for Whom? Racism 
and the Environmental Movement

Ralph Ghoche and Unyimeabasi Udoh

On June 1, 2017, much of the world watched, disappointed—but not especially 
surprised—as President Donald J. Trump announced his decision to pull the United 
States out of the Paris climate agreement. The landmark environmental accord, rati-
fied in 2015, had been supported by all but two of the world’s independent states, 
and now it was lacking the backing of the world’s biggest polluter as well. The 
United States, superpower, defender of democracy, and champion of the West, 
effectively announced that being the ‘Leader of the Free World’ did not apply to the 
fight against climate change.

The other two nations—Nicaragua and Syria—that stood outside the Paris cli-
mate accord, did so for vastly different reasons. Nicaragua, one of the four nations 
most endangered by climate change, found that the agreement was too lenient. Syria 
was uninvited and unable to attend (Taylor, 2017). Only President Trump rejected 
the accord out of disbelief in the facts of, and human responsibility for, global 
warming. The credit for this radical turn was given, primarily, to two men: Scott 
Pruitt, the then-head of the Environmental Protection Agency, a man who was so 
hostile to his role that he had sued that self-same agency in the interest of polluting 
industries before being appointed to run it; and Steve Bannon, perhaps Trump’s 
most notorious former advisor (Baram, 2017).

Bannon, then  executive chairman of far-right “news” site Breitbart and noted 
white nationalist (Politi, 2017), opposed the Paris agreement both for its climate 
science and its “globalist” agenda. Bannon is credited with the line of reasoning that 
Trump invoked in his announcement about the agreement: that the Paris accord was 
“cheating” America economically, putting its coal miners, who supported Trump 
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overwhelmingly in the 2016 election, at a particularly gross disadvantage. Paying 
for other, poorer countries’ continued survival in the face of potential environmental 
disaster, as the agreement encouraged the United States to do, runs counter to nearly 
everything Bannon, Breitbart, and the far-right internet apparatus purport to stand 
for. It gives a “handout” to those less fortunate, who clearly should pull themselves 
up by their bootstraps and save themselves from the literal rising tide of America’s 
creation. It considers the interests of nations who are not the United States and 
whose citizens, not coincidentally, are not white. It is capitulating to the requests of 
the “socialist” and “globalist” European Union and United Nations, both boogey-
men to those who would prefer that America comes first and stands alone in 
all things.

Under Steve Bannon’s guidance, President Trump announced his decision to 
withdraw from the Paris Climate accord. Thus, concern for the continuation of a 
myth of America had superseded care for the globe and its community. White 
nationalism had trumped (pun intended) environmentalism. This, nowadays, would 
appear to be an unfortunate but natural progression: reactionary conservatism and 
environmentalism are thought to be antithetical to each other. The media’s look into 
Steve Bannon’s history regarding the latter, however, threw things into confusion. 
Could it be that such a renowned nationalist (had) cared for the environment? Had 
Bannon merely had a sour change of heart—or could it be that such nationalism and 
ecological stewardship were not only not mutually exclusive but even had some 
cause for overlap?

The progressive, tech-savvy news sites of the left-leaning internet are littered 
with articles linking three things: Steve Bannon, a project called Biosphere 2, and a 
general sense of bewilderment. The explanation is as follows: in 1991, eight people 
sealed themselves into a complex reminiscent of the geodesic domes of Buckminister 
Fuller, with plans not to reemerge for another 2 years. The complex, Biosphere 2, 
and the eponymous mission it supported was the pet project of Edward P. Bass, a 
Texas oil scion-turned-environmentalist. At the sprawling, 3.1-acre compound, rep-
lica ecosystems—including marshland, rainforest, desert, savannah, and a miniature 
‘ocean’—were enclosed, along with the human subjects, in what was meant to be a 
sealed, self-sustaining system. If the Earth itself was Biosphere 1, then Biosphere 2 
was the 1970s’ fascination with closed-system ecology made concrete: a miniature 
Earth that could be studied. Perhaps, as its participants hoped, it would give valu-
able insight into the workings of the Earth’s (changing) climate. Furthermore, if the 
project proved successful, they could apply the closed ecosystems to other endeav-
ors such as Mars colonization.

Unfortunately, from its outset, Biosphere 2 was not strictly successful. After a 
series of mishaps—financial, procedural, structural, and public-relational—Bass 
hired a Wall Street banker named Steve Bannon to keep the project from leaking 
money. Bannon, as Wired’s Eric Niiler (2016) puts it, was “all business.” And 
despite the retrospective incongruity of his participation in the project, it does seem 
that Bannon’s involvement with Biosphere 2 was strictly professional. Of all the 
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outlets taken with the apparent oxymoron of Biosphere Bannon, the New Republic 
gives the most thorough take on the subject. Through interviews with scientists once 
involved with Biosphere 2 and analysis of Breitbart’s output under Bannon, journal-
ist Emily Atkin (2017) pieces together a portrait of a man who perhaps does not 
believe much of anything when it comes to climate change.

As Atkin notes, statements on the subject from Bannon himself are in relatively 
short supply. Though Bannon gave a platform for climate change denialists on 
Breitbart, some staffers doubted how invested he was in the subject, beyond irrita-
tion at the amount of public energy expended on the “manufactured crisis” (Atkin, 
2017). Bruno Marino, onetime scientific director at Biosphere 2, remembers Bannon 
as a man who kept books on climate science on his desk, who promoted the proj-
ect’s research potential in the press, and who now “could be willfully ignoring his 
knowledge of climate science” (Atkin, 2017). Bannon once produced a movie called 
The Steam Experiment, a B-film set in a sauna whose aim was to “prove that human-
ity will go crazy under the pressures of global warming” (Atkin, 2017). To be fair, 
it is difficult to read much intellectual depth or intent into a film of this quality. In 
the movie, the scientist traps the attractive protagonist in the steam bath who is 
depicted as mad, risking human lives to prove his ‘crackpot’ environmental theory. 
Whether or not it can be said to prove the professor’s theory, the captives do suffer 
a fair deal.

On a more conspiratorial note, Atkin suggests that “perhaps Bannon believes that 
a warming world could cause chaos—and even welcomes it. After all, he is an 
alleged Leninist who wants to deconstruct the administrative state” (Atkin, 2017). 
Perhaps, in addition to finding the fight against climate change too extraneous to and 
globalist for his agenda, Bannon does believe in the scientific consensus on the 
subject. Maybe he yearns for the brave new world that would be ushered in by a 
climate apocalypse fueled by Breitbart’s propaganda. Until he addresses his past 
and present relationship to the specifics of climate science, though, all this is simply 
speculation. However, should Bannon prove to have an ideological stake in such 
environmental matters, he would not be the first American white nationalist to do 
so. Arguably, he would not (until recently) even be the most famous. If ecological 
stress, such as that brought about by anthropogenic climate change, would destroy 
the current world order, then there are those for whom the defense of the planet and 
the white race go hand in hand.

Unfortunately, as with Bannon’s involvement with Biosphere 2, the connection 
between white supremacy and environmentalism is not always readily apparent. 
Buzzwords like ‘overpopulation’ are used regularly, even in progressive climate 
discourse. But these discourses have their roots in theories of ecology that are dis-
dainful of—if not outright hostile to—those who contribute the least, yet are most 
exposed to, the effects of climate change: the world’s poor and non-white. The racist 
and misanthropic underpinnings of the modern environmental movement, left unex-
amined, can undermine post-Paris attempts to move towards a more sustainable way 
of life. On a shared planet, no climate action can be effective if it is not equitable.

5  A Commons for Whom? Racism and the Environmental Movement



78

5.1 � A Commons for Some: Garrett Hardin’s Enclosures Act

The question of whether we must ‘save the world,’ in an ecological sense, has in its 
wake another, more insidious question: for whom? Although this second question 
may not be asked outright, it often gets answered. For a glaring example, one needs 
to look no farther than the work of the late Garrett Hardin: a man who, troublingly, 
is much more famous for his contributions to the field of ecology than he is for the 
intense racism that motivated that work. To engage with ecology, in general, and 
environmentalism, in particular, as fields of knowledge and practice that benefit the 
whole world, it is vital that we understand how its foundations run counter to 
those aims.

Hardin’s “The Tragedy of the Commons” is a foundational text in ecology. The 
1968 article, which further stretched the idea of Earth’s ‘carrying capacity,’ is a 
staple in classrooms to this day. Hardin paints a picture of a world doomed by 
human numbers and greed. The tragedy of the commons, according to Garrett 
Hardin, is that people cannot—and should not—share. Imagining a pasture open to 
all, Hardin then introduces a herdsman who, “as a rational being… seeks to maxi-
mize his gain. He concludes that the only sensible course for him to pursue is to add 
another animal to his herd. And another; and another….” (p. 1244). The pasture 
becomes overburdened, and each member of the increased population suffers.

Already there is something odd, something sinister about Hardin’s logic. For 
these hypothetical herders, more is always better, even with stiffer competition for 
the resources needed to support increased numbers. This approach is not a particu-
larly rational course of action, despite Hardin’s claims. The individual herders are 
entirely unable to consider themselves members of a community that might act in 
the interest of shared goals. For Hardin, what prevented the despoiling of the com-
mons in the past was not the success of interpersonal communication or the aware-
ness of a common humanity. Instead, “tribal wars, poaching, and disease” (p. 1244) 
kept the population too low for the ‘fact’ that man’s interests run directly counter to 
that of society at large to become an obstacle.

For this grave problem, Hardin offers a brutal solution. Neither education nor 
community development will solve the tragedy of the commons, where a Hobbesian 
species of man proliferates in great numbers. Instead of questioning the narrow 
individualism on which he has built his argument, Garrett Hardin challenges the 
right of certain individuals to exist. “The only way we can preserve and nurture 
other and more precious freedoms is by relinquishing the freedom to breed, and that 
very soon” (p. 1248), he writes, else “freedom to breed will bring ruin to us all” 
(p. 1248). Coercion, a buzzword at the time, is the specific term that he uses to 
describe the means for curbing what he viewed as devastating overpopulation: no 
longer can we fill the Earth with so much human waste.

Hardin implicitly includes human beings with contaminants, listing ‘breeding’—
already an exceptionally dehumanizing term—right after toxic waste dumping and 
air pollution. The rather antisocial belief in humanity as a ‘parasite’ on the planet 
was not uncommon in the heyday of twentieth-century environmentalism (more on 
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this later). However, Hardin’s take on the matter is perhaps even more vicious. 
Instead of pitting the desires of the human race against that of the planet, Hardin sets 
the comfort of the few against the existence of the many. To him, a positive ecologi-
cal future is more a question of which race. He includes a few dog-whistles in “The 
Tragedy of the Commons” that hint at who he does not include in this specific few. 
He writes, “The most rapidly growing populations are (in general) the most miser-
able” (p. 1244). He continues with, “because “our society is deeply committed to 
the welfare state” (p.  1246), the poor have less chance of suffering the negative 
consequences of “overbreeding”—that is, a rank inability to feed their children. 
Intelligent, temperate people simply don’t reproduce at the same rates, and their 
attitudes are drowned out in the genetic pool. Where might these poor, miserable, 
and intemperate people be found? Well, predominantly in the Global South, where 
population growth rates have outpaced those of the West for quite some time. Is it 
fair to ask that these brown people exist in fewer numbers? Hardin writes, “Injustice 
is preferable to total ruin” (p. 1247).

It does not take much sleuthing to discover that Garrett Hardin, one of the lead-
ing intellectual voices of the ecological movement, was a strident white nationalist. 
The Southern Poverty Law Center describes his contributions to both movements 
as such:

Hardin used his status as a famous scientist and environmentalist to provide a veneer of 
intellectual and moral legitimacy for his underlying nativist agenda, serving on the board of 
directors of both the anti-immigrant Federation for American Immigration Reform and the 
white-nationalist Social Contract Press. He also co-founded the anti-immigrant Californians 
for Population Stabilization and The Environmental Fund, which primarily served to lobby 
Congress for nativist and isolationist policies. (SPLC, n.d.)

It is, unfortunately, not difficult to see why these two causes might converge. If 
brown people are bad, and an overpopulation of humans is bad, then it makes good 
racist sense that a preponderance of this already-unsavory type would be a particu-
lar problem. It is difficult to argue against racist logic, based as it is on irrational 
hatred. The introduction of racist logic into ecological thought brings into the disci-
pline a strain of wrongheadedness that undermines even more than the idea that a 
healthy planet is (a) good for all people.

5.2 � “A White, Racist Plot”

The source of Hardin’s arguments stems from the post-Second World War revival of 
interest in population theories advanced by the English political economist Thomas 
Robert Malthus. In An Essay on the Principle of Population, first published in 1798, 
Malthus drew attention to the relationship between the human population and the 
productive capacity of the soil. Malthus argued that increased food production 
resulting from new mechanical instruments introduced during the first industrial 
revolution would inevitably lead to unsustainable growth in the human population.
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Two books, published months apart from each other, are generally credited for 
the revival of Malthus’ population scare in the twentieth century: Fairfield Osborn’s 
Our Plundered Planet (1948) and William Vogt’s Road to Survival (1948). These 
works were critical to the emergence of the modern environmental movement 
(Robertson, 2012), introducing a new style and sense of urgency to environmental 
writing that was blunt, alarmist, and highly contagious. They had a tremendous 
impact on succeeding generations of environmentalists, especially on the best-
sellers of the 1960s, such as Rachel Carson’s Silent Spring (1962) and Paul Ehrlich’s 
The Population Bomb (1968). Despite their extreme popularity during the 1950s 
and 1960s, only recently have these works elicited the attention of environmental 
historians. The oversight is due, in part, to the unwillingness to complicate our 
views of the environmental movement.

Many of the problematic aspects of Hardin’s worldview were derived from 
Osborn and Vogt. For example, Vogt castigated Indians for “breeding with the irre-
sponsibility of codfish” (Desrochier & Hoffbauer, 2009, p. 46). He argued that a 
high death rate should be seen as “one of the greatest national assets” of the devel-
oping world and called for foreign food aid to poor countries be cut so as not to 
“subsidize … unchecked spawning” (Desrochier & Hoffbauer, 2009, p. 46). Paul 
Ehrlich seemed to echo these sentiments in the first lines of The Population Bomb, 
which vividly described an overcrowded market as “one stinking hot night in 
Delhi” (p. 1).

The sense of disdain for the Global South was recast by Hardin in an article pub-
lished in 1974 with the disturbing title, “Lifeboat Ethics: The Case against Helping 
the Poor.” In it, Hardin attacked Christians and Marxists, and all those who “feel 
guilty about their good luck” living in the United States for their “justice-based” 
moral conscience (p. 39). Lifeboat ethics, by contrast, were “reality” based; less-
affluent nations needed to “learn the hard way” (p. 40). In short, Hardin recom-
mended that the UN’s World Food Program, which facilitated emergency aid to 
famine-stricken nations, and a similar domestic program, Food for Peace, be perma-
nently closed and all food aid terminated. Hardin warned against programs that 
didn’t export food but empowered communities to develop more robust agricultural 
practices. He also called for an immediate halt to all immigration into the United 
States to “save at least some parts of the world from environmental ruin” (p. 43).

The idea that the poor and the nonwhite cause more ecological damage than the 
predominantly white developed world is simply false. Ehrlich came to understand 
and promote this stance. He realized that a good deal of ecology centered on popula-
tion planning (he estimated one-third) was “a white racist plot” and that “fundamen-
tally the rich of the world are still stealing from the poor” (Robertson, 2012, p. 174). 
Racist ecology is self-defeating. It is an oxymoron because the attitudes behind the 
former occlude the realities of the latter. It is predominantly the rich who are eating 
the world. Shunting the blame for environmental degradation onto disadvantaged 
minorities does almost nothing to solve the real problems at hand.

In addition to being scapegoated, the poor experience greater environmental pol-
lution than other socio-economic classes, such as the disposal of toxic or radioactive 
waste on African American or tribal lands in the United States or the smog in Asia 
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generated by the production of commodities mainly for Western markets. As feared 
by Garrett Hardin and others, overpopulation is only an existential threat if we all 
consume at the selfish and excessive rates of the herders in his dark parable—the 
rates of the 1%. Even overpopulation does not have the same culprit that Hardin 
identifies. The biggest driver of both population growth and ecological strain is not 
the wanton behavior of the poor and brown but the brutal churning of global 
capitalism.

While Hardin borrowed key arguments from the Neo-Malthusians, he ignored or 
underemphasized notable elements from the work of Osborn and Vogt in his analy-
sis. Among these was their criticism of American consumption. As Thomas 
Robertson (2012) has argued, the population debates of the immediate post-war era 
are best understood in reaction to the popularity of ideas put forth by the economist 
John Maynard Keynes and the “new obsession with growth” overtaking the 
American imagination (p. 30). Osborn and Vogt were fiercely critical of the spread 
of American consumerism across the globe. They condemned the free enterprise 
system, which they understood to be primarily responsible for the rapid destruction 
of wilderness. Therefore, the unjust focus on the poverty of developing economies 
in their work was balanced with a critique of the significant American contribution 
to that dynamic. By comparison, Hardin’s call to reduce the world’s population–he 
set the limit at 100 million people–was not paired with a significant reduction in 
consumption (Miele, 2002, p.  267). Instead, he imagined that, were there fewer 
people on earth, they would be “living a hell of a good life” (Miele, 2002, p. 267), 
and their standard of living would undergo a dramatic rise as “clean beaches, 
unspoiled forests and solitude” (Hardin, 1974, p. 41) would be available to all. In 
addition, Hardin presented private property as the antidote to a failed system of 
shared environmental commons. “Under a system of private property,” Hardin 
explained, “the men who own property recognize their responsibility to care for it” 
(Hardin, 1974, p. 40). The historical precedent of the commons in England, the very 
commons to which Hardin was alluding and which were privatized by the passage 
of the Enclosures Acts beginning in the seventeenth century, would seem to show 
the inverse. The enclosure of the commons precipitated a massive population shift 
from rural settings to the swelling industrial cities and increased misery and poverty 
tenfold.

There are several problems with Hardin’s views, not least that they conceal the 
social inequalities that cause the dramatic imbalances in the distribution of resources. 
Resources, after all, have tended to flow from developing nations to rich ones. This 
oversight points to a broader difficulty at the core of much Neo-Malthusian thinking 
on the environment: its tendency to subsume humankind under the larger category 
of living beings. For Hardin, as for Vogt, Osborn, and the early work of Ehrlich, the 
human impulse to reproduce and over-populate an ecosystem was seen as scarcely 
different from that of deer, fish, or locusts, and the consequences could be just as 
dire. Their omission of the social and political vectors that drive resource depletion 
was due, in large part, to their desire to apply lessons from the animal world directly 
to the human one. Indeed, humanity’s fate was continually compared to the lesson 
of the Kaibab deer incident, an episode in Northern Arizona that saw the deer 
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population plummet precipitously upon exceeding the carrying capacity of its habi-
tat (Robertson, 2012, p. 73).

The Neo-Malthusians were not alone in their inability to contend with human 
agency and differentiate between humanity and the rest of the animal kingdom. 
Indeed, generations of environmentalists have found an intractable problem in the 
human/nature divide. Despite its outright racist subtext, “Tragedy of the Commons” 
has come to be reprinted in over 100 anthologies since its publication in 1968, most 
providing no critical discussion of the motivations of its author. Its racism comes 
out of a profound process of dehumanization endemic to more than a few environ-
mental movements.

Hardin, of course, was not the first to inject nativist ideas into the discipline. 
Indeed, as a more or less holistic system of thought, ecology has long been co-opted 
towards troubling ends. The problem, as Joel Kovel (2003) has rightly pointed out, 
lies in the temptation to “naturalize” human culture in a reductive way, in other 
words, to assume that nature or biology determines all facets of human conduct. The 
German concept of Lebensraum (translated loosely as “living space”), weaponized 
by the Third Reich, provides the most explicit cautionary tale. Friedrich Ratzel, a 
pupil of Ernst Haeckel, the noted nineteenth-century zoologist who coined the term 
“ecology” in 1866, developed the notion. For Ratzel, the German people were an 
organism whose development could only be assured if given the proper room to 
grow in the environment for which it was adapted. Nazi Germany reconfigured 
these ideas into racial policies that denied the political boundaries of the German 
state in favor of expansionist practices that sought to provide the “Aryan” race the 
territory deemed necessary for it to flourish.

If naturalizing human conduct is a problem, so is the inverse of that fallacy, dena-
turing humanity. Both dynamics were clearly at work in the Neo-Malthusian envi-
ronmental movements of the twentieth century. For example, Hardin, Ehrlich, Vogt, 
and Osborn all tended to blame humanity—often in the form of newborn babies—
for the despoiling of the environment, not specific practices, lifestyle choices, or 
belief systems. Indeed, one of the most popular political lapel pins of the 1970s 
featured the simple words: “People Pollute,” as though harmful pollution was 
endemic to human behavior (Chase, 1980, p. 366).

5.2.1 � Misanthropic Ecologies

A similar process of naturalizing and denaturing human beings underpinned envi-
ronmentalists’ efforts at the other end of the spectrum, such as the wilderness pres-
ervation group Earth First!. With Earth First!, the rhetoric about population growth 
shifted from focusing on the fear of war, famine, and resource depletion—effects 
that would harm human beings—to emphasizing threats to the well-being and bio-
diversity of non-human species. Earth First! traced its roots back to the nature 
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worship of Henry David Thoreau and John Muir and to such mid-twentieth-century 
ecologists as Aldo Leopold (1949), whose criticism of conservation efforts based on 
human and “economic self-interest” (p. 213) left a lasting imprint on succeeding 
generations. The group’s views also were shaped by the Deep Ecology movement 
of the 1970s and its challenge to the prevailing anthropocentric system of values. 
Deep Ecologists, such as Arne Naess, argued that nature’s well-being was an intrin-
sic value of its own; “the earth does not belong to humans,” Naess often insisted. 
Earth First! radicalized these principles into an eco-centrism that not only privileged 
the diversity and expansion of the non-human world but demonstrated a veritable 
antipathy to humankind.

Earth First! participants were militant and uncompromising, and their activism 
promoted direct action in contrast to the lobbying efforts and legal mechanisms 
employed by mainstream environmental organizations. They saw their group as the 
“action wing” of the Deep Ecology movement, and their mission was to create as 
many wilderness expanses as possible (Chase, 1991, p. 8). For some in the group, 
the ultimate end lay in jolting humanity to revert to its nomadic and pre-agricultural 
roots, and “return to the Pleistocene” was a familiar rallying cry at Earth First! 
events (Chase, 1991, p. 21). Participants in Earth First! employed methods that were 
controversial, such as “ecotage” tactics—from nail spiking old-growth trees to the 
sabotage of earth-damaging machinery—in order to defend the environment from, 
what they termed, “parasitic” humanity.

In addition to tactics that posed a danger to human welfare, the viewpoints of a 
faction of participants in Earth First! reveal the depths of the group’s misanthropic, 
if not apocalyptic, streak. For example, an article published by a certain Miss Ann 
Thropy (the nom de plume of the environmental activist Christopher Manes) in the 
May 1987 issue of Earth First! Journal argued that AIDS was “nature’s way of 
protecting the planet from an excess population” and that the disease was not a 
problem, “but a necessary solution” (Manes, 1987, p. 32). Like the characterizations 
of the Neo-Malthusians, humankind was presented as an undifferentiated mass, one 
subjected to the full brunt of nature’s population control mechanisms. Humanity 
was treated no differently from other forms of life; either it was futile, or it stood 
against the course of nature to limit exposure to the deadly virus or remedy its 
effects.

Indeed, some participants in Earth First! also held views that steered undeniably 
close to the nativist policies championed by Garrett Hardin. Dave Foreman, the 
group’s most prominent participant, argued against foreign aid to quell the famine 
in Ethiopia in 1986, “the best thing we can do is let nature seek its balance, to let the 
people there just starve” (Scarce, 2016, p. 92). On the issue of immigration to the 
United States, Foreman advocated for a moratorium in the 1980s and, even as he 
retracted some of his most dogmatic opinions in the following decades, his promo-
tion of deeply restrictive immigration policies remained long after his participation 
with Earth First! had concluded.
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5.3 � The Return of the Commons

Hardin and Foreman’s disturbing views are essential reminders that even well-
intentioned causes, such as the preservation of the environment, can be redirected to 
entrench the very attitudes that impoverish citizens of the Global South. An ecologi-
cal movement that, purposefully or not, implicitly or explicitly castigates or excludes 
entire swaths of the population is antithetical to its aims. The views of Hardin and 
Foreman also demonstrate the danger of attempts to naturalize and denature human 
conduct. Efforts to naturalize away human agency, denature human actions, and 
thus remove humans from the rest of the web of life are not constructive. Both 
approaches fail to acknowledge and treat the entirety of the situation in which we 
find ourselves.

These lessons are particularly important in pedagogical settings, such as college 
classrooms, where anxieties about environmental degradation can lead to misan-
thropic or discriminatory reasoning. We have seen two problematic attitudes resur-
face in classroom discussions about ecological crises, which bear mentioning. The 
first tends to subsume human action under nature’s own set of priorities or pre-
scribed sense of agency. Human conduct is perceived as an extension of nature’s 
inner purpose. The human capacity for self-destruction (and some would say 
humanity’s drive towards self-extinction) is often explained away as the direct result 
of nature’s protective mechanism. It is not hard to recognize the profound difficul-
ties this kind of perspective poses if one is serious about mitigating human harm to 
the environment. Humanity, for one, cannot at once be a passive object of nature’s 
directives and a constructive subject engaged in environmental rehabilitation. The 
second characterization that surfaces in the classroom is equally prominent in the 
attitudes of Neo-Malthusians and sees humans as “parasites” existing outside of 
nature and acting on it in a wholly disruptive way. Here, the familiar binaries–
nature/culture, reason/instinct–reappear in such a way as to make their reconcilia-
tion an impossibility.

More nuanced understandings of humankind’s relationship to the natural envi-
ronment are essential, especially in the classroom, if antisocial and misanthropic 
ecologies are to be dispelled. In the 1980s, the most vociferous challenges to Neo-
Malthusian and Deep Ecology perspectives were issued from advocates of Social 
Ecology, who argued that humankind’s relation to nature could be explored only 
with a simultaneous critique of social structures. Social Ecologists, such as Murray 
Bookchin, contended that the domination of nature could not be overcome until 
hierarchy in all its forms—gender, racial, economic, and political—was eliminated 
from society. Bookchin’s ecological philosophy highlighted both the continuities 
and the ruptures between human and natural worlds. While not merely reducible to 
the instincts and impulses in “biotic nature,” human society, for Bookchin, was, at 
its point of origin, profoundly related to the evolutionary processes which were 
understood as mutualistic practices of diversification, differentiation, and flexibility. 
Bookchin (1993) advanced “an ethic of complementarity” in which human beings 
“must play a supportive role in perpetuating the integrity of the biosphere” (p. 369).
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Over the past two decades, philosophers such as Bruno Latour and Timothy 
Morton have invited us to move beyond subject/object ecologies and towards a rec-
ognition of the complex imbrications between humankind and the environment. 
Latour (1998), for example, has criticized Green movements in Europe, arguing that 
political ecology ought to trigger a more sweeping re-evaluation of governing struc-
tures. Political representation, in his imagined system of governance, would be 
extended to incorporate the relational webs that “entangle” human and non-human 
nature into what he terms “a parliament of things” (Latour, 2004). Morton also 
demonstrates considerable antipathy towards the notion of a stand-alone nature 
which he sees as a primary source of humankind’s shunting of ecological responsi-
bility. For Morton (2007), the concept of nature suggests a passive object to be used 
up and polluted for human gain. Nature, he writes, is “the away to which things are 
flushed” (Morton, 2012). A more constructive approach, in his view, entails disclos-
ing the matrix of “affiliations” between human and non-human objects.

In the last few years, environmentalists have become more fully aware of the 
racism and misanthropy that once resided in elements of the environmental move-
ment and are quick to recognize the enduring nature of some of these biases today. 
Indeed, the term “Anthropocene,” coined in 2000 by the atmospheric chemist Paul 
J. Crutzen to denote the measurable geological stratum in the natural landscape that 
is produced by mankind, has raised alarms for fear of resuscitating the problematic 
tropes that all human beings share equal blame for the climate emergency and that 
human existence is in itself irreconcilable with a healthy natural environment. As 
the environmental historian Jason W. Moore has recently explained, “Capitalocene” 
may be a more appropriate term if one hopes to pinpoint the source most responsi-
ble for planetary degradation in the last two centuries (Moore, 2015).

These contemporary perspectives in ecological thought come when a new envi-
ronmental crisis, the rapid warming of the globe due to unchecked carbon emis-
sions, has replaced the population scare of the previous generation. And though, 
motivated by population growth, Hardin and Foreman arrived at the troubling con-
clusion that the United States should be saved while the rest of the world should be 
left to its own devices, climate change today knows no geographical or political 
boundaries. Indeed, the analogy of the earth as a spaceship, or a closed system, an 
analogy famously rejected by Hardin due to its inference of a shared commons, has 
become all the more relevant in a world that is beginning to experience the effects 
of increased greenhouse gases. In the face of this new hazard, the approach of Neo-
Malthusians, which assigned blame to the very existence of people and not to spe-
cific carbon emissions-producing practices, is simply untenable.

The current situation presents possibilities that can move us past the impasse 
occasioned by the population scare of the 1950s and 1960s, and away from the divi-
sive rhetoric of Hardin and Earth First!. Most importantly, climate change compels 
us to focus on the global atmosphere as a continuous and shared territory, uninter-
rupted by geographic features or national boundaries. Indeed, environmentalists 
today are rethinking the global atmosphere in ways that draw more rigorous atten-
tion to the nature and source of contemporary pollution. Recent approaches to curb-
ing the impacts of climate change, such as The Green New Deal, proposed by 
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Congresswoman Alexandria Ocasio-Cortez and Senator Ed Markey, reflect an 
awareness of the environmental movement’s past biases by deliberately conjoining 
social equity and justice with economic and environmental rehabilitation. The atten-
tion has helped shift the discussion of the environmental crisis from blaming people 
for pollution to understanding the outsized role that business and industry play in 
perpetuating it. The figure of the commons today has reappeared, not as a tragedy to 
be avoided, but as a tool for better understanding global responsibility and 
sustainability.

References

Atkin, E. (2017, March 7). Steve Bannon used to believe in science. Now he’s America’s top 
climate villain. The New Republic. Retrieved from https://newrepublic.com/article/141102/
steve-bannon-used-believe-science-now-hes-americas-top-climate-villain

Baram, M. (2017, June 2). Trump’s climate decision reeks of Steve Bannon’s influence. Fast 
Company. Retrieved 20 December 2021 from https://www.fastcompany.com/40426884/
trumps-paris-decision-reflects-the-unexpected-resurgence-of-steve-bannon-for-now

Bookchin, M. (1993). What is social ecology? In M. E. Zimmerman (Ed.), Environmental philoso-
phy: From animal rights to radical ecology (pp. 354–373). Prentice Hall.

Carson, R. (1962). Silent spring. Houghton Mifflin.
Chase, A. (1980). The legacy of Malthus: The social costs of the new scientific racism. University 

of Illinois Press.
Chase, S. (1991). Defending the earth: A dialogue between Murray Bookchin and Dave Foreman. 

South End Press.
Crutzen, P.  J., & Stoermer, E.  F. (2000). The “Anthropocene”. Global Change Newsletter, 41, 

17. http://www.igbp.net/download/18.316f18321323470177580001401/1376383088452/
NL41.pdf

Desrochier, P., & Hoffbauer, C. (2009). The post war intellectual roots of the population bomb. 
Fairfeld Osborn’s ‘Our plundered planet’ and William Vogt’s ‘Road to survival’ in retrospect. 
Electronic Journal of Sustainable Development, 1(3), 38–61. Retrieved from http://www.
ejsd.org

Ehrlich, P. R. (1968). The population bomb. Ballantine Books.
Hardin, G. (1968). The tragedy of the commons. Science, 162(3859), 1243–1248. https://doi.

org/10.1126/science.162.3859.1243
Hardin, G. (1974). Lifeboat ethics: The case against helping the poor. Psychology Today, 8, 38–43.
Kovel, J. (2003). Racism and ecology. Socialism and Democracy, 17(1), 99–107. https://doi.

org/10.1080/08854300308428343
Latour, B. (1998). To modernize or to ecologize? That’s the question. In N. Castree & B. Willems-

Braun (Eds.), Remaking reality: Nature at the millenium (pp. 221–242). Routledge.
Latour, B. (2004). Politics of nature: How to bring the sciences into democracy. Harvard 

University Press.
Leopold, A. (1949). A Sand County almanac, and sketches here and there. Oxford University Press.
Malthus, T. R. (1798). An essay on the principle of population, as it affects the future improvement 

of society. With remarks on the speculations of Mr. Godwin, M. Condorcet, and other writers. 
J. Johnson.

Manes, C. (Thropy, Miss Ann.) (1987). AIDS and population. Earth First! Journal, 32–33.
Miele, F. (2002). Living within limits—An interview with Garrett Hardin. In The battlegrounds of 

bio-science: Cross-examining the experts on: Evolutionary psychology, race, intelligence, & 
genetics, population, environment, & cloning (pp. 259–273). 1st Books Library.

R. Ghoche and U. Udoh

https://newrepublic.com/article/141102/steve-bannon-used-believe-science-now-hes-americas-top-climate-villain
https://newrepublic.com/article/141102/steve-bannon-used-believe-science-now-hes-americas-top-climate-villain
https://www.fastcompany.com/40426884/trumps-paris-decision-reflects-the-unexpected-resurgence-of-steve-bannon-for-now
https://www.fastcompany.com/40426884/trumps-paris-decision-reflects-the-unexpected-resurgence-of-steve-bannon-for-now
http://www.igbp.net/download/18.316f18321323470177580001401/1376383088452/NL41.pdf
http://www.igbp.net/download/18.316f18321323470177580001401/1376383088452/NL41.pdf
http://www.ejsd.org
http://www.ejsd.org
https://doi.org/10.1126/science.162.3859.1243
https://doi.org/10.1126/science.162.3859.1243
https://doi.org/10.1080/08854300308428343
https://doi.org/10.1080/08854300308428343


87

Moore, J.  A. (2015). Capitalism in the web of life: Ecology and the accumulation of capital. 
Verso Press.

Morton, T. (2007). Ecology without nature: Rethinking environmental aesthetics. Harvard 
University Press.

Morton, T. (2012). Architecture without nature. In Tarp architecture manual. Pratt Institute.
Niiler, E. (2016, December 7). Trump’s chief strategist Steve Bannon ran a mas-

sive climate experiment. Wired. Retrieved from https://www.wired.com/2016/12/
trumps-chief-strategist-ran-massive-climate-experiment

Osborn, F. (1948). Our plundered planet. Little, Brown.
Politi, D. (2017, January 29). Trump gives Steve Bannon, champion of white nationalism, 

key national security seat. Slate. Retrieved from http://www.slate.com/blogs/the_slat-
est/2017/01/29/trump_gives_steve_bannon_champion_of_white_nationalism_key_seat_on_
national.html

Robertson, T. (2012). The Malthusian moment: Global population growth and the birth of 
American environmentalism. Rutgers University Press.

Scarce, R. (2016). Eco-warriors: Understanding the radical environmental movement. Routledge.
Southern Poverty Law Center. (n.d.). Extremist files: Garrett Hardin. Retrieved from https://www.

splcenter.org/fighting-hate/extremist-files/individual/garrett-hardin
Taylor, A. (2017, May 31). Why Nicaragua and Syria didn’t join the Paris Climate Accord. 

The Washington Post. Retrieved from https://www.washingtonpost.com/news/worldviews/
wp/2017/05/31/Poliwhy-nicaragua-and-syria-didnt-join-the-paris-climate-accord/

Vogt, W. (1948). Road to survival. W. Sloane Associates.

Ralph Ghoche  is an Assistant Professor in the Department of 
Architecture at Barnard College. He teaches on a wide range of 
topics, including environmental and landscape histories. Ghoche’s 
scholarship centers on French architecture and urbanism in the 
nineteenth century, particularly in colonial Algeria.

Unyimeabasi Udoh  graduated with a BA in Architecture from 
Columbia University, and holds an MFA in Visual Communication 
Design from the School of the Art Institute of Chicago. Their 
work as an artist and graphic designer explores systems of knowl-
edge and communication.

5  A Commons for Whom? Racism and the Environmental Movement

https://www.wired.com/2016/12/trumps-chief-strategist-ran-massive-climate-experiment
https://www.wired.com/2016/12/trumps-chief-strategist-ran-massive-climate-experiment
http://www.slate.com/blogs/the_slatest/2017/01/29/trump_gives_steve_bannon_champion_of_white_nationalism_key_seat_on_national.html
http://www.slate.com/blogs/the_slatest/2017/01/29/trump_gives_steve_bannon_champion_of_white_nationalism_key_seat_on_national.html
http://www.slate.com/blogs/the_slatest/2017/01/29/trump_gives_steve_bannon_champion_of_white_nationalism_key_seat_on_national.html
https://www.splcenter.org/fighting-hate/extremist-files/individual/garrett-hardin
https://www.splcenter.org/fighting-hate/extremist-files/individual/garrett-hardin
https://www.washingtonpost.com/news/worldviews/wp/2017/05/31/Poliwhy-nicaragua-and-syria-didnt-join-the-paris-climate-accord/
https://www.washingtonpost.com/news/worldviews/wp/2017/05/31/Poliwhy-nicaragua-and-syria-didnt-join-the-paris-climate-accord/


88

Open Access    This chapter is licensed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter’s Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.

R. Ghoche and U. Udoh

http://creativecommons.org/licenses/by/4.0/


89

Chapter 6
Pathways to Sustainability: Examples 
from Science Teacher Education

María S. Rivera Maulucci

6.1 � Why Do We Need Education for Sustainability?

Education for sustainability is rooted in environmental education. In 1977, the first 
intergovernmental environmental education conference was convened in Tbilisi, 
Georgia, of the former Soviet Republic. The conference attendees included 265 
delegates and 65 representatives and observers. Participants came from 66 states, 2 
non-member states, eight United Nations (UN) agencies and programs, 20 interna-
tional nongovernmental organizations, and three intergovernmental organizations. 
Organized by the United Nations Education, Scientific, and Cultural Organization 
(UNESCO) in collaboration with the U.N. Environment Programme (UNEP), the 
conference declaration stated: “Environmental education, properly understood, 
should constitute a comprehensive lifelong education, one responsive to changes in 
a rapidly changing world” (UNEP, 1978, p. 24).

Now, more than 40 years later, it is easy to see how rapidly the world has changed. 
We can cite the rise of the internet, widespread home and office computers, smart-
phones that bring the world to your fingertips, subscriptions for everything, increased 
consumption, ubiquitous streaming services, more people living in cities, and more 
people overall. Despite these changes, a proper understanding of environmental 
education – much less sustainability education – has yet to take root in many societ-
ies. It is fair to say that too many children do not attain a comprehensive understand-
ing of the relationship between the environment, society, and our economy. Instead, 
environmental and sustainability education remain at the margins of most K-12 
curricula.

Many educators see the responsibility for environmental and sustainability edu-
cation as belonging to science teachers. For example, environmental science topics 
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are typically found in state science standards (cf. NYSED, n.d.-a), and in New York 
State, one of the High School Regents exams is called Living Environment (NYSED, 
n.d.-b). Yet, science education is often marginalized at the elementary level to 
emphasize tested subjects, English language arts, and mathematics (Rivera 
Maulucci, 2010). At the middle and high school levels, science teachers often have 
curricula with a depth and breadth that affords limited opportunities for addressing 
environmental education or sustainability topics. As a high school Biology student, 
since we did not have time to cover environmental science topics in class, I had to 
read the chapters on my own to prepare for the New York State Regents examina-
tion. As a middle school Biology teacher, environmental topics competed with an 
extensive unit on human biology. I proposed two science electives, Zoology and Sea 
and Shore, during which students could explore concepts such as habitats, endan-
gered species, water quality, pollution, and conservation. However, since these 
courses were electives, only students that took these electives benefitted from them.

When environmental issues are raised in a community there are often calls for 
education as part of the solution to the problem. For example, as Director for Urban 
Forestry of the Environmental Action Coalition (EAC), I was part of a team of envi-
ronmental educators and activists that developed an Action Plan for New York City’s 
Urban Forest (Pirani et al., 1998). The report calculated the extent of NYC’s urban 
forest, including the number of trees (5.2 million) and the percent of tree cover 
(16.6%). Other sections extolled the benefits of the urban forest, provided sugges-
tions for trees to plant, and called for four immediate actions (enhance growing 
conditions, diversify the urban forest, improve service delivery, and manage and 
restore public woodlands), and four long term actions (establish an Urban Forestry 
Board, inventory and develop a management plan, increase the total tree population 
by one million trees, and foster an engaged and knowledgeable public). Another 
EAC project was called Trees for East Harlem. Working with local community 
activists, we identified places where trees could be planted, then contacted the NYC 
Parks Department to request a street tree. The Parks Department would survey the 
site, and then plant a tree if the site was suitable. We worked with the community 
activists to pass out flyers about the benefits of the trees and engage in honest con-
versations with local business owners and community members about how to care 
for the new trees. Environmental education was central to both initiatives.

In 2007, the NYC parks department announced Mayor Bloomberg’s 
MillionTreesNYC initiative (MillionTreesNYC, n.d.). Eight years later, in November 
of 2015, they planted the millionth tree (Coneybeare, 2015) and the third decadal 
census of NYC street trees in 2015 which engaged many volunteers and emphasized 
citizen stewardship placed the number of street trees at 666,134 (NYC Parks, 2016). 
Today, the efforts are noticeable. Every time I pass a new street tree planting or a 
green swale, I smile. Yet, I would argue that progress with fostering an engaged and 
knowledgeable public in New  York City has lagged far behind. How many 
New Yorkers walking by a street tree or a tree in one of the city’s parks do so with 
full knowledge of the benefits the trees provide in the urban environment, including 
improving air quality and mitigating the urban heat island effect? How many 
New Yorkers can articulate the policy issues that affect the quality of the air they 
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breathe, the water they drink, and the food they consume? How many New Yorkers 
commit, beyond compliance, to doing what they can to reduce, reuse, and recycle? 
Are educators providing students with a comprehensive education that helps them 
understand environmental and sustainability issues, sift through the misinformation 
that abounds, and make informed, sustainable decisions in their everyday life? To be 
clear, I do not blame teachers. Instead, I contend that like the lack of traction around 
environmental and school reform issues, we need a more comprehensive approach.

This chapter will put forward four key arguments. First, education for sustain-
ability (EfS) needs to be the responsibility of all educators in all subjects, especially 
in the sciences. Second, educators need a framework and pathways for thinking 
about integrating sustainability into the curriculum. Third, EfS can help us answer 
the timeless question, “Why are we learning this?” Finally, educators, researchers, 
and policymakers must take up the call of EfS seriously so that it becomes impos-
sible for students to graduate from high school without a comprehensive education 
that also provides a basis for lifelong decisions and choices that foster 
sustainability.

6.2 � What Is Education for Sustainability?

Both environmental education and EfS have their roots in early studies of nature. 
Concern for the effects of development and industrialization on the natural environ-
ment emphasized conservation, and concern for human health and well-being 
emphasized social or environmental justice (McCrea, 2006). For example, Aldo 
Leopold’s Sand County Almanac (1949) helped establish the land ethic of the con-
servation movement, and Rachel Carson’s, Silent Spring (1962), galvanized the 
modern environmental movement as she drew a direct link between pesticide use 
and the loss of songbirds. The Tbilisi conference report (UNEP, 1978) advocated a 
holistic, interdisciplinary approach to environmental education. According to the 
authors,

[A]dopting a holistic approach, rooted in a broad interdisciplinary base…recreates an over-
all perspective which acknowledges the fact that the natural environment and man-made 
environment are profoundly interdependent. It helps reveal the enduring continuity which 
links the acts of today to the consequences for tomorrow. It demonstrates the interdepen-
dencies among national communities and the need for solidarity among all mankind (UNEP, 
1978, p. 24).

Key ideas that we can draw from the Tbilisi report, are the “interdisciplinary” nature 
of environmental education, as well as the interdependence of the “natural and man-
made environment” and “national communities.” Finally, the description calls for 
education that “links the acts of today to the consequences for tomorrow,” and rec-
ognizes the “need for solidarity.” At the same time, this early description of environ-
mental education does not question or problematize individualism (emphasizing 
freedom of action for individuals) or a rapidly changing world, and it seems to 
equate natural and man-made environments as if both are equally “good.”
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More recently, the United Nations (2002) declared 2004–2015, The Decade of 
Education for Sustainable Development (DESD) as part of their Education for 
Sustainable Development (ESD) initiative. UNESCO (2017, based on Wiek et al., 
2011) also set out a bold vision for student learning outcomes. For example, they 
identify eight competencies that students should develop as part of their education 
for sustainable development goals: systems thinking, anticipatory, normative, stra-
tegic, collaboration, critical thinking, self-awareness, and integrated problem-
solving. These competencies are described in Table 6.1.

UNESCO (2017) identifies specific learning objectives for each of the Sustainable 
Development Goals (See Fig. 6.1) that span the cognitive domain (what students 
should know), socio-emotional domain (what social interaction, communication, 
and self-reflection skills students should have), and behavioral domain (what stu-
dents should be able to do).

While at the surface level, the UNESCO competencies and learning objectives 
seem laudable, there are some concerns and critiques regarding approaches to 
developing and measuring global competencies. Neoliberal approaches have been 
critiqued for focusing on global economic and labor concerns; global consciousness 

Table 6.1  UNESCO education for sustainable development competencies

Competency Description

Systems thinking 
competency

The abilities to recognize and understand relationships; to analyze complex 
systems; to think of how systems are embedded within different domains 
and different scales; and to deal with uncertainty.

Anticipatory 
competency

The abilities to understand and evaluate multiple futures – possible, 
probable and desirable; to create one’s own visions for the future; to apply 
the precautionary principle; to assess the consequences of actions; and to 
deal with risks and changes.

Normative 
competency

The abilities to understand and reflect on the norms and values that 
underlie one’s actions; and to negotiate sustainability values, principles, 
goals, and targets, in a context of conflicts of interests and trade-offs, 
uncertain knowledge and contradictions.

Strategic 
competency

The abilities to collectively develop and implement innovative actions that 
further sustainability at the local level and further afield.

Collaboration 
competency

The abilities to learn from others; to understand and respect the needs, 
perspectives and actions of others (empathy); to understand, relate to and 
be sensitive to others (empathic leadership); to deal with conflicts in a 
group; and to facilitate collaborative and participatory problem solving.

Critical thinking 
competency

The ability to question norms, practices and opinions; to reflect on one’s 
values, perceptions and actions; and to take a position in the sustainability 
discourse.

Self-awareness 
competency

The ability to reflect on one’s own role in the local community and (global) 
society; to continually evaluate and further motivate one’s actions; and to 
deal with one’s feelings and desires.

Integrated 
problem-solving 
competency

The overarching ability to apply different problem-solving frameworks to 
complex sustainability problems and develop viable, inclusive and 
equitable solution options that promote sustainable development, 
integrating the above-mentioned competences.
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Fig. 6.1  United Nations sustainable development goals. (From SDG Academy and Creative 
Commons – Creative Commons)

approaches have been critiqued for furthering universalistic values that do not 
account for or challenge imbalances of power; critical approaches are largely theo-
retical and untested but they raise the concerns that mainstream approaches tend to 
be transmissive rather than transformative and privilege members of higher socio-
economic groups; and finally, advocacy approaches focus on rights and responsi-
bilities towards other groups or nature but learning from advocacy is hard to measure 
(Connolly et al., 2019). The authors note that there are regional differences with 
Europe and Canada favoring global consciousness approaches and the United States 
and Asia favoring neoliberal approaches. In addition, there are tensions between 
competency-based approaches, which can focus attention on technical skills, and 
virtue-based approaches, which are not necessarily universal, that also need to be 
resolved (Petersen, 2022).

At its heart, ESD and EfS recognize that we need to make changes in how we live 
to ensure a more viable future for humans and all living things. While many changes 
need to occur at the macro-level of governments and nations, sustainability educa-
tion embraces the hope that individuals can participate in that change while simul-
taneously making a difference at the micro-level. EfS also grapples with the tension 
between individual and collective action, and struggles to integrate not just human-
centered approaches but other aspects of the environment. At the same time, EfS has 
an array of benefits for students, including enhancing student engagement and moti-
vation, boosting student learning and achievement, improving student behavior and 
attendance, significantly increasing students’ perceptions of self-efficacy, encourag-
ing students to connect with local and global systems, and helping students gain an 
appreciation for civic engagement and the democratic process (Cloud, 2014). For 
teachers, EfS supports “both new and veteran teachers in achieving strong academic 
outcomes from their students” (Cloud, 2014, p. 4).
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Given the wide scope of knowledge, skills, understanding, and competencies 
educators need to foster across cognitive, socio-emotional, and behavioral domains, 
it is clear that these goals can and should be developed across the curriculum. While 
the early association of EfS with environmental science meant that it was mostly 
relegated to science teaching, EfS can and should appear across the curriculum, and 
the interdisciplinary nature of sustainability allows it to align well with all subject 
areas, not just science. Furthermore, students need repeated exposure to EfS to fully 
understand its importance and what they can do to make a difference. EfS is greatly 
enhanced when taught from the multiple perspectives that different curriculum 
areas bring. Finally, EfS should afford opportunities for students to engage in differ-
ent modes of representation, such as visual, written, spoken, and numerical, and 
provide students with various ways to integrate their learning with local and 
global action.

To achieve the goals and benefits of EfS, we must move from rhetoric to reality. 
As Maria Hofman (2015, p. 213) explains, “If one wants to change the society and 
education, one of the cornerstones to start with is the education and training of 
already qualified teachers and teacher educators.” Although I argue that sustainabil-
ity can and should be taught across the curriculum, in the following sections I focus 
on the challenges and possibilities within science education, specifically.

6.3 � What Are Some of the Challenges of Science Education 
for Sustainability?

Education for sustainability presents many challenges to science educators that 
teacher education, professional development, and schools must address. A central 
challenge for sustainability in science education is that sustainability is an ill-
defined and ill-structured concept (Wals & Dillon, 2015). First, there is no consen-
sus about the definition of sustainability, let alone education for sustainability. Most 
definitions include the idea that we must “meet the needs of the present without 
compromising the ability of future generations to meet their own needs,” 
(Brundtland, 1987) and emphasize the three pillars – economic, social, and ecologi-
cal. Other definitions of sustainability include a political dimension with nations 
that are “secure, thriving and peaceful” (cf. Cortese & Rowe, 2016) or a cultural 
dimension (United Cities and Local Governments (UCLG), 2010, p.  3), which 
“[a]ffirms that culture in all its diversity is needed to respond to the current chal-
lenges of humankind.” Furthermore, calls for inclusion of Indigenous perspectives 
on sustainability invoke attention to gratitude instead of entitlement, and reciproc-
ity instead of consumption (Kimmerer, 2015) For example, Kimmerer notes, “our 
role as human people is not just to take from the earth, and the role of the earth is 
not just to provide for our single species” (In Tippett, 2016).

According to Neil Taylor et  al. (2015), definitions of sustainability can range 
from “weak” to “strong.” Weak sustainability definitions focus on anthropocentric 
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(human) needs, economic development, and technological solutions. Strong sus-
tainability definitions focus on ecocentric (natural) needs, preserving ecological 
integrity, and properly valuing ecosystem services. Without a consensus regarding 
how to define sustainability, teachers lack a clear vision for sustainability, let alone 
how they might integrate it into the curriculum. Consequently, education from these 
different perspectives can take the form of education for sustainable development 
(ESD), environmental education (EE), or education for sustainability (EfS) (Taylor 
et al., 2015).

For example, according to UNESCO (2022), ESD “gives learners of all ages the 
knowledge, skills, values and agency to address interconnected global challenges 
including climate change, loss of biodiversity, unsustainable use of resources, and 
inequality.” A definition of EE from the US EPA (2012) states,

Environmental education is a process that allows individuals to explore environmental 
issues, engage in problem solving, and take action to improve the environment. As a result, 
individuals develop a deeper understanding of environmental issues and have the skills to 
make informed and responsible decisions.

Finally, Cloud (2014) defines EfS as,

…a transformative learning process that equips students, teachers, schools, and informal 
educators with the knowledge and ways of thinking that society needs to achieve economic 
prosperity and responsible citizenship while restoring the health of the living systems upon 
which our lives depend.

All three of these definitions recognize the role of problem-solving and decision-
making in solving local or global issues or challenges. However, not all explicitly 
recognize the roles of values (UNESCO, 2022) or ways of thinking (Cloud, 2014) 
that are required, and not all emphasize the integral importance of “restoring the 
health of the living systems upon which our lives depend” (Cloud, 2014).

A second difficulty with sustainability education is that sustainability, as a con-
cept, is neither neutral nor value-free (Rogers, 2016). Judy Rogers (p.  217–18) 
explains that “sustainability is not a thing or an endpoint but rather a way of think-
ing, talking, writing, and acting in response to an identified and urgent need for 
transformation and change at the global, regional, and local level.” Rogers explains 
that imagined futures and proposed changes might be “deeply contested” or even 
contradictory. For example, individuals, stakeholders, or communities might have 
different, and even incompatible, ideas about economic prosperity, responsible citi-
zenship, or plans for restoring the health of living systems noted above in Cloud’s 
(2014) description of education for sustainability. Further evidence of this difficulty 
can be found in a review of US science standards, completed by Kim A. Kastens and 
Margaret Turrin in 2006. Kastens and Turrrin (2006) reviewed 49 state science stan-
dards and found:

There is little support among state standards developers for the notion that science lessons 
or science teachers should proactively encourage students to change the nature of their own 
interactions with the environment, or to seek to bring about such changes in their own fam-
ily, school or local community (p. 431).
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A more recent review of the Next Generation Science Standards (NGSS Lead 
States, 2013), which have been adopted by 20 states and used by 24 states to develop 
their science standards (NGSS Hub, n.d.), found that the standards emphasize learn-
ing about sustainability from a scientific point of view rather than for sustainability, 
or the types of decisions and actions students could or should take to promote sus-
tainability (Egger et al., 2017).

Given the lack of guidance from state standards, teachers may be concerned that 
when education for sustainability advocates particular values or solutions to envi-
ronmental issues, it can walk the line of indoctrination.

For example, the idea that reusing, reducing, and recycling are all actions that in 
most communities can be viewed as good for individuals, society, and the environ-
ment, thus, advocating for these behaviors might not be seen as indoctrination. 
However, some issues, such as climate change, have become entangled with social 
and political ideologies that may make it risky for teachers to address these topics 
in the classroom (see Pfirman & Winckler, this volume, Chap. 19). Other issues, 
such as the Flint Water Crisis, expose environmental racism, and it is difficult, if not 
impossible, to ignore the necessary critique of the racist ideologies that allowed the 
crisis to occur. Although teachers must steer clear of indoctrination in the class-
room, or teaching from an uncritical, partisan, or ideological standpoint, dialogic 
approaches that make it seem like any position is valid might also be untenable 
(Wals, 2010). Arjen E. Wals describes the paradox encountered by educators who 
delve into the social aspects of sustainability issues:

On the one hand, there is a deep concern about the state of the planet and a sense of urgency 
that demands a break with existing unsustainable systems, lifestyles and routines, while on 
the other, there is a conviction that it is wrong to persuade, influence or even educate people 
towards pre- and expert-determined ways of thinking and acting.

Wals (2010) is speaking to the ways in which topics like climate change and sustain-
ability have become politicized with “experts” on both sides weighing in on what 
should be taught or what should be done about it. In this context, educators need to 
recognize pluralism (multiple ideas about sustainability, none of which can be pre-
scribed), relativism (multiple perspectives on sustainability--the learners, educators, 
families, communities, local to global, multicultural, multispecies, multidisciplinary 
approaches), and the role of democracy, agency and self-determination, or “a col-
laborative search for and engagement in sustainability that is not limited to small 
elites in society but accessible to all stakeholders, including those who are or feel 
marginalized” (Wals, 2010, p. 147). Absent clear guidelines for democratic, partici-
patory, agentic approaches that foster good for the entire ecosystem, not just 
humans, teachers may shy away from teaching about sustainability to avoid contro-
versy in their classroom or school communities.

The third challenge of education for sustainability is its interdisciplinary nature. 
As noted above, in addition to the three widely recognized pillars of sustainability, 
ecological, economic, and social dimensions, some educators also recognize a 
fourth pillar, a political dimension (Taylor et  al., 2015) or a cultural dimension 
(UCLG, 2010). Although the science curriculum deals with ecological systems, 
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many science educators may feel that the economic, social, and political dimensions 
are beyond the scope of their mandated science curricula. Teachers in the humani-
ties may consider sustainability’s scientific or economic aspects to be beyond their 
responsibility and areas of expertise. Thus, many teachers may feel ill-prepared to 
teach the interdisciplinary content sustainability education requires (see also 
Pfirman and Winckler) and may lack the flexibility to teach interdisciplinary curri-
cula given accountability regimes, such as strict curriculum mapping or high-
stakes tests.

Fourth, there is a level of indeterminacy to sustainability. What we see as sustain-
able now might not be viewed as sustainable in the future, and what we see as sus-
tainable in one context might not be sustainable in another (Wals, 2010). Thus, the 
complexity and urgency of sustainability education impedes the development of a 
universal vision for both content and process that other content areas may have. As 
a result, modes of integrating sustainability topics into the science curriculum can 
vary. For example, educators can teach about sustainability (about recycling), for 
sustainability (why recycle and how to recycle), or sustainable education, living 
and learning more sustainably (engaging in recycling audits and school or 
community-based recycling programs) (See Sterling, 2003, examples added).

Fifth, as with justice-oriented curricula, teachers may find instilling a sense of 
hope challenging when environmental, racial, and other equity issues seem intrac-
table (Davis & Shaeffer, 2019). Taylor et al. (2015, p. 6) explain, “All too often, 
sustainability issues are presented and discussed solely as a series of problems, and 
while it is important to acknowledge that problems do exist, an overemphasis on 
them can leave children feeling severely disempowered.” On the other hand, 
“[a]ction-oriented projects allow [children] to see that change at a community level 
is possible and are vital to keeping young people engaged with sustainability issues 
and positive about the future” (Taylor et al., 2015, p. 6).

Finally, teachers may struggle to find the best way to integrate sustainability with 
the curriculum, whether with science or another content area. For example, curricu-
lum integration efforts for multicultural education have been critiqued for focusing 
on “heroes and holidays” in ways that tokenize or essentialize the contributions of 
other racial, ethnic, or cultural groups” (Lee et al., 2002). Drawing on Banks’ (1995) 
Typology for Curriculum Integration developed for multicultural education, I pro-
pose five pathways for the integration of sustainability (see Fig. 6.2).

Given the range of curricula and goals and purposes of education, I purposely do 
not attach levels that might imply that some approaches are better or more preferred 
than others. In some courses, content specificity and limited time may mean that 
educators can only model sustainability. Some ways to model sustainability include 
going paperless, bringing a compost bin to class, making sure the class knows how 
to recycle properly, or turning lights off when everyone leaves the room.

On the other hand, course content might allow the entire curriculum to be trans-
formed by nesting it within a meaningful sustainability context (See Snow, this vol-
ume, Chap. 8). Some units or lessons might benefit from adding resources (i.e., 
texts, images, video clips) about sustainability. Other units or lessons might benefit 
from including the special contributions of Indigenous scholars, traditional 
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Fig. 6.2  Five approaches to integrating sustainability

ecological knowledge, or local case studies (see Heskel & Mergenthal, this volume, 
Chap. 15. For example, case studies of the Flint Water Crisis (Davis & Shaeffer, 
2019) or the Vieques National Wildlife Reserve (Withers, 2013) can provide a more 
personal context or sense of urgency for sustainability. While the Flint Water crisis 
has received international attention, the struggles for sustainability and environmen-
tal justice in Vieques, Puerto Rico, a former United States military site, are lesser-
known. Vieques is an island off the coast of Puerto Rico with “high ecological 
values and a toxic legacy including unexploded ordnances as a result of the area’s 
former use as a naval bombing range” (Guzman et al., 2020, p. 13). Finally, in some 
cases, students can go out into the real world and engage directly with sustainability 
issues through social action, such as planting a school garden, conducting a BioBlitz 
(see O’Donnell & Brundage, this volume, Chap. 11) or engaging in community-
activism to address local air quality concerns (Morales-Doyle, 2017).

6.4 � What Are Some of the Possibilities of Science Teacher 
Education for Sustainability?

Given calls for integrating sustainability, science teachers require education and 
professional development to understand the economic, political, social, moral, and 
technical dimensions of sustainability and how to incorporate them into the science 
curriculum (Stratton et al., 2015). As noted by Stratton and co-authors (2015), qual-
ity teacher education for sustainability requires: (1) a holistic approach; (2) place-
based methods; (3) connections between the natural and built world; (4) conceptual 
frameworks for educating for sustainability; (5) development of sustainability 
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Table 6.2  Quality sustainability teacher education themes

Theme Description

A holistic approach Taking an inclusive and multifaceted approach to teaching and 
learning about sustainability that spans ecological, natural and built, 
economic, social, cultural, and political components

Place-based education 
methodology

Learning that is rooted in local issues or the history, environment, 
culture, economy, literature, and art of a particular place

Connections between the 
natural and built world

Challenging learners to become more aware of how their individual 
actions are intimately linked to the environment and are vitally 
important in light of sustainability initiatives

Conceptual frameworks 
for EfS

Explicitly defining conceptual frameworks for the study of EfS

Development of 
sustainability literacy

Including ways to plan for and assess sustainability literacy: 
Education for a sustainable life

Transformative 
pedagogical approaches

Developing new forms of pedagogy to educate [students] in 
sustainability practices

Links to climate change Explicitly linking to climate change and related issues of social 
equity

Note: Adapted from Stratton et al. (2015)

literacy; (6) transformative pedagogical approaches; and (7) links to climate change. 
Table 6.2 provides descriptions of each of these themes.

The Next Generation Science Standards (NGSS Lead States, 2013), a United 
States science education reform document that provides a consensus vision for the 
development of disciplinary core ideas, science and engineering practices, and 
cross-cutting themes across grades K-12, includes a subcategory called “human 
sustainability (see NGSS Lead States, 2013, p. 24).

The performance standards associated with this topic, which falls under Earth 
and Space sciences, include the following:

•	 create a computational simulation to illustrate the relationships among manage-
ment of natural resources, the sustainability of human populations, and 
biodiversity,

•	 evaluate competing design solutions for developing, managing, and utilizing 
energy and mineral resources based on cost-benefit ratios (NGSS Lead States, 
2013, p. 287).

Egger et al. (2017) note that many teachers may not be prepared through the under-
graduate curriculum to teach the sustainability content and Earth systems thinking 
required by the NGSS standards.

Feinstein and Kirchgasler (2015) provide an in-depth review and critique of the 
explicit and implicit ways that the NGSS Standards address sustainability. For 
example, they note that the standards mainly provide a “technology-centered per-
spective” that advances the view that technological solutions can address most envi-
ronmental problems rather than a more in-depth exploration of the ethical and 
political dimensions of sustainability. In particular, they raise the concern that:
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...science education will advance an oversimplified idea of sustainability that diminishes its 
social and ethical dimensions, exaggerating the role of technology and the importance of 
technical expertise at the expense of non-STEM (science, technology, engineering, and 
mathematics) disciplines and nontechnical expertise. Rather than supporting a generation 
of students to engage with science in realistic and productive ways as they address sustain-
ability challenges, this approach might lead students to systematically misinterpret and 
underestimate the challenges that confront their local, regional, and global communities 
(Feinstein & Kirchgasler., 2015, p. 123).

The authors identify three troubling themes: (1) universalism (seeing humanity as a 
single indivisible element), (2) scientism (seeing science as the type of knowledge 
that is most relevant to sustainability), and (3) technocentrism (seeing technical 
knowledge and technological solutions as the best way to address sustainability 
issues). Together, these troubling approaches can lead to students developing a 
“technology-centered perspective called ecological modernization that defines sus-
tainability as a set of global problems affecting all humans equally and solvable 
through the application of science and technology” (p. 121).

6.5 � What Are Some Examples of Teacher Education 
for Sustainability?

The following sections describe two examples of science teacher education for sus-
tainability. The first example explores an in-class set of activities that demonstrate 
how I introduce the EfS Curriculum Standards (articulated below) to students and 
help them explore how and why to integrate sustainability into science and engi-
neering curricula. The second example describes a case study from the Summer 
STEM Teaching Experiences for Undergraduates (TEU) program that incorporated 
sustainability as a central element of the science curriculum that TEU interns 
designed for high school youth attending the program.

6.5.1 � Introducing and Justifying the Need for EfS Standards

I teach two science pedagogical methods courses incorporating the EfS Standards 
and the Cloud Institute EfS Framework. In both classes, students do a science or 
engineering activity, and then they redo the activity through a sustainability path-
way of their choice. For example, in one class that focuses on integrating science 
and engineering, students are presented with a pile of Keva planks, a toy car, and an 
engineering challenge to build a bridge that spans a 20-cm distance. While students 
are working in groups on this challenge, I notice them looking at other groups to see 
how they are solving the problem. There is a competitive edge and a focus on find-
ing a solution, not why the problem might be important or to whom. Students find 
the activity fun, challenging, collaborative, inquiry-based, constructivist, and 
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creative. Yet, they struggle to see clear connections to specific science content. As 
they reflect on the extent to which the activity was inclusive, culturally relevant, or 
meaningful, they realize that without clear instructor intent, these aspects might 
happen naturally, but they might not.

Next, we shift to discussing some of the struggles with integrating engineering in 
K-12 science classrooms. I present several challenges, including standardized sci-
ence curricula and balancing teaching science deeply alongside engineering design. 
We also discuss student diversity and the different needs teachers must address for 
students of varying grade level, age, gender, ethnicity, language, culture, and ability. 
We discuss the difficulties of finding good engineering curricula that develop strong 
mathematics or science content knowledge and practices and the challenge of hav-
ing adequate resources. Some schools may have plentiful resources for integrating 
engineering and can offer robotics classes, while others may lack resources alto-
gether. Finally, I note that with the emphasis on STEM, some students may have had 
extensive experiences with engineering, and some may have had little to none. 
Then, I ask the class to turn and talk to a partner to identify additional challenges. 
After their shared talk, we cogenerate a list of additional challenges for students and 
teachers when integrating engineering with the science curriculum (see Table 6.3). 
While the challenges the participants identify are nested within the context of inte-
grating engineering, many are relevant to integrating sustainability. For example, 
lack of repeated exposure, standardized curricula, student diversity, inadequate 
resources, and student experience levels can all present challenges for integrating 
sustainability. An emphasis on English language arts, test prep mandates, and lack 
of testing incentives for sustainability can also impact the time available for teach-
ing for sustainability.

At the end of this discussion, I tell students I see a bigger problem. To me, the 
purpose of engineering presents a more significant problem. Why do we want stu-
dents to learn about engineering in the first place? To have fun? To do something 

Table 6.3  Additional challenges for integrating engineering and science education

Role Challenge

Students Lack of repeated exposure to engineering design
Not enough resources to repeat the activity
Developing social skills, collaboration, teamwork
Learning how to disagree
Gendered nature of engineering, females might be intimidated by the process
Student misconceptions about engineering

Teachers How to cover the different types of engineering
Emphasis on English language arts in every subject
Design projects are time-consuming
Working with students with special needs, fine motor skills
Engaging students who are just not interested
Test-prep mandates
Lack of incentive if students are not tested
Helping teachers to develop creative formative assessments in STEM
Determining what metrics to use to assess design project
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hands-on? For them to be introduced to lucrative careers? To contribute to a con-
sumer culture? To solve problems? To help people? To reduce poverty? To build 
sustainable cities? To restore habitats and ecosystems? To save the planet? I raise 
these questions and then propose the EfS Standards as the reason why.

The EfS Standards from the United States Partnership for Education for 
Sustainable Development (USPESD, 2009) specify three goals. Students should be 
able to:

	1.	 understand and apply “the basic concepts of sustainability (i.e., meeting present 
needs without compromising the ability of future generations to meet their 
needs)” (EfS Standard 1, USPESD, 2009, p. 3).

	2.	 …recognize the concept of sustainability as a dynamic condition characterized 
by the interdependency among ecological, economic, and social systems and 
how these interconnected systems affect individual and societal well-being. 
They develop an understanding of the human connection to and interdependence 
with the natural world (EfS Standard 2, USPESD, 2009, p. 3).

	3.	 …develop a multidisciplinary approach to learning the knowledge, skills, and 
attitudes necessary to continuously improve the health and well-being of present 
and future generations, via both personal and collective decisions and actions. 
They are able to envision a world that is sustainable, along with the primary 
changes that would need to be made by individuals, local communities, and 
countries in order to achieve this (EfS Standard 3, USPESD, 2009, p. 3).

After presenting these three goals, I share the nine core content standards of the 
Cloud Institute (Cloud, 2012). Table 6.4 provides a brief description of each of the 
core content standards.

Students look at the titles and descriptions and tell me where they see science, 
mathematics, and other curriculum areas. Then, I send them back to their groups to 
build another bridge. They have the same constraint; it must span a 20-cm divide. 
However, now they must discuss the pathways with their groups, choose a particular 
sustainability pathway, and build a new bridge that addresses their sustainability 
context. The room buzzes with excitement and creativity. Students do not look 
around at other groups because everyone is doing something different.

When the students finish building, they share their sustainability context and 
show their bridges, and what a difference! Before, they were just constructing a 
bridge. Now, students care about who the bridge is for, how the bridge will be used, 
and what it connects. Now, they care about the sturdiness of the bridge, and they try 
to use fewer resources to build it. There are parks with swings, slides, and monkey 
bars, bike lanes, pedestrian paths, safety rails, signs to highlight a sense of place, 
and windmills to produce the energy to light the bridges (see Table 6.5).

In our discussion, I ask students who is the judge of the success of their bridge-
building. They realize that they are now the judges. They recognize that the criteria 
for success now depend on the sustainability pathway they choose. They see that 
although the groups chose different sustainability pathways, all the groups con-
verged on the idea of a multi-purpose bridge for the community. All of them had 
bike paths!
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Table 6.4  Cloud Institute core content standards/pathways and performance indicators

Standard/
pathway Description

Performance indicators (students 
will…)

Cultural 
preservation and 
transformation

The preservation of cultural 
histories and heritages, and the 
transformation of cultural identities 
and practices contribute to 
sustainable communities.

Develop the ability to discern with 
others what to preserve and what to 
change in order for future generations 
to thrive.

Responsible 
local/global 
citizenship

The rights, responsibilities, and 
actions associated with leadership 
and participation toward healthy 
and sustainable communities.

Know and understand these rights and 
responsibilities and assume their roles 
of leadership and participation.

The dynamics of 
systems & 
change

A system is made up of two or 
more parts in a dynamic 
relationship that forms a whole 
whose elements “hang together” 
and change because they 
continually affect each other over 
time.

Know and understand the dynamic 
nature of complex systems and change 
over time. Apply the tools and concepts 
of system dynamics and systems 
thinking in their present lives and to 
inform the choices that will affect our 
future.

Sustainable 
economics

The evolving theories and practices 
of economics and the shift towards 
integrating our economic, natural, 
and social systems, to support and 
maintain life on the planet.

Know and understand twenty-first-
century economic practices and will 
produce and consume in ways that 
contribute to the health of the financial, 
social, and natural capital.

Healthy 
commons

Healthy commons are what we all 
depend upon and for which we are 
all responsible (i.e., air, 
biodiversity, climate regulation, our 
collective future, water, libraries, 
public health, heritage sites, 
topsoil, etc.).

Be able to recognize and value the vital 
importance of the commons in our lives 
and for our future. Assume the rights, 
responsibilities, and actions to care for 
the commons.

Natural Laws 
and Ecological 
principles

The laws of nature and science 
principles of sustainability.

See themselves as interdependent with 
each other, all living things and natural 
systems. Put their knowledge and 
understanding to use in the service of 
their lives, communities, and places in 
which they live.

Inventing and 
affecting the 
future

The vital role of vision, 
imagination, and intention in 
creating the desired future.

Design, implement and assess actions 
in the service of their individual and 
collective visions.

Multiple 
perspectives

The perspectives, life experiences, 
and cultures of others, as well as 
our own.

Know, understand, value, and draw 
from multiple perspectives to co-create 
with diverse stakeholders shared and 
evolving visions and actions in the 
service of a healthy and sustainable 
future locally and globally.

Strong sense of 
place

The strong connection to the place 
in which one lives.

Recognize and value the 
interrelationships between the social, 
economic, ecological, and architectural 
history of that place and contribute to 
its continuous health.

Note: From: The Cloud Institute for Sustainability Education (Cloud, 2012, p. 3)
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Table 6.5  Sustainable bridge building projects

Group
Sustainability 
pathway Bridge description

1 Multiple 
perspectives

Our original bridge was just for cars and there was no way for people 
to walk on it, so we built some ramps. We also have some stairs, and 
we added some bike lanes

2 Inventing and 
affecting the 
future

We built a two-lane bridge with a bike path to encourage people to 
bike more.

3 Responsible 
local and global 
citizenship

We were trying to build a bridge that was exclusively for bikes to 
help people to be better community members. We tried to use the 
minimal amount of resources. We thought about there being a 
watershed across the bridge and access to clean water.

4 Healthy 
commons

We put a divider in the middle with one side strictly for bikes and 
pedestrians. We added a park with slides, see saws, and monkey bars, 
two windmills to power the lighting on the bridge, and a plaque/sign 
for a sense of place.

5 Responsible 
local and global 
citizenship

We are connecting two communities to become more culturally 
diverse. We did this because our first bridge was not very good. We 
have un-level tables, so it still did not end up great but it is better than 
what we had before. That actually works with what we were trying to 
do—Connect two different places—And they might not be even. 
They might be uneven. So the communities have to figure out how to 
make it work.

6 Healthy 
commons

We have a bike lane on one side. This is the car lane in the center, 
and this is for the pedestrians on the other side because we have seen 
problems in other bridges with pedestrians and bikers on the same 
path. We put them on different levels so there is no risk of overlap.

7 Responsible 
local and global 
citizenship

We made bike lanes and walking paths and automobiles go down the 
middle. We think that the bike and walking paths really support 
healthy and sustainable communities.

Students see the value of adding a sustainability pathway to the engineering 
activity. One student noted that the sustainability pathway provided a compelling 
answer for the question, “Why are we doing this?” Students also see that sustain-
ability pathways can expand their ideas about the meaning and relevance of building 
bridges. For example, a student noted:

When we were just building a bridge, we just focused on the bridge itself. Once we had the 
freedom to look at all the different sustainability pathways, we could decide what the bridge 
was for and what else to include in our bridge area, which really changed up what we were 
doing. At first, we were just trying to build a good bridge. Now, we were all trying to put a 
purpose to this bridgework, and we started to think about what’s on the other side of it, what 
are we actually using this bridge for.

Another student explained that the pathways allow students to bring in cultural rel-
evance. For example, some students might care about the local context, but others 
might care more about the global aspects of sustainability.

By providing sustainability pathways, each group’s vision for bridge-building 
goes beyond just spanning a 20-cm divide. Students have nine different ways to 
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engage and connect with the content or activity set before them (see Table 6.4). 
Students have multiple ways to bring their knowledge, interests, and experiences 
into the classroom. The curriculum can also foster communication around issues 
that have significance beyond the main course of study. In addition, presenting the 
sustainability pathways attends to four of the seven components of quality teacher 
education for sustainability identified by Stratton et al. (2015) (see Table 6.2). The 
pathways incorporate a holistic approach to sustainability and provide a clear con-
ceptual framework for EfS. Students also consider place-based concerns and draw 
explicit connections between the natural and built world. The possibilities and con-
nections afforded by the pathways are rich and meaningful and this was just one 
activity.

Teacher educators are responsible for presenting EfS Standards to teacher candi-
dates, but simply presenting them is not sufficient. Pre-service teachers also need 
opportunities to develop and implement curricula drawing on EfS Standards to 
solidify their ability to teach for sustainability. The following section describes a 
project where undergraduates develop and teach sustainability curricula in science. 
I ask the following questions: What does it mean to engage preservice teachers in 
learning about sustainability? How do they envision planning and teaching about 
sustainability? What connections do they make between sustainability and the sci-
ence curriculum?

6.5.2 � Summer STEM Teaching Experiences 
for Undergraduates Program

The Summer STEM Teaching Experiences for Undergraduates from Liberal Arts 
Institutions (TEU) program is developing and testing a model program that provides 
undergraduate STEM majors with an immersive summer experience in secondary 
mathematics (Math TEU) or science teaching (Science TEU). The model integrates 
a high-quality, discipline-specific pedagogy course with an urban teaching practi-
cum and mentoring from experienced science teachers. A college in the northeast 
hosted the Science TEU Program in Summer 2017. The science pedagogy course 
included science education standards, science lesson planning, place-based educa-
tion, sustainability standards, and aspects of classroom management. The Science 
TEU interns (Science TEUs) taught two cohorts of rising tenth-grade high school 
students from a local magnet school who took summer enrichment courses in sci-
ence and writing. Attendance was required for the high school students, and they 
had to complete final presentations to obtain credit. The summer science enrichment 
course focused on river ecology, water quality, and sustainability. The high school 
students visited and sampled a local river and brought the samples back to the col-
lege laboratories where they analyzed them. Alongside the river curriculum, as part 
of the approach advocated by the instructor of the pedagogy course, the Science 
TEUs developed additional lessons to augment students’ understanding of 
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sustainability. High school students presented their findings by the end of the ses-
sion. This chapter describes a two-week sustainability curriculum unit developed 
and implemented by one team of Science TEUs. The analysis shows the challenges 
and possibilities of developing and implementing a high-quality sustainability 
curriculum.

The course begins with a river study. The high school students put on waders to 
explore a local brook in their community. They gather samples to investigate mac-
roinvertebrates, turbidity, and coliforms (see Figs. 6.3 and 6.4). The students com-
plete their analyses and then prepare group presentations for the final day of their 
two-week session. The Science TEUs are responsible for leading students in these 
investigations and developing lessons to support students’ understanding of river 
ecology, sustainability, and scientific communication. After teaching the first cohort 
of students, the Science TEUs have the opportunity to revise and reteach their cur-
riculum to the second cohort of students.

During Summer 2017, I spent 2 days on-site visiting the Science TEU program, 
observing lessons, interviewing TEU interns and their mentors, and collecting other 
qualitative data. In addition, the TEU interns shared their curriculum development 
folders and samples of students’ work. Thus, data include direct observations of 
teaching sessions, lesson plans, samples of student work, and other artifacts, notes 
from debriefing sessions with mentor teachers and team meetings with the science 
teacher educator, as well as interviews with TEUs, mentor teachers, college science 
faculty, and the director of the Science TEU program.

I used a comparative case study approach (Yin, 2008) to develop a detailed 
understanding of the impacts of the seminar on the development of the TEU interns. 

Fig. 6.3  High school students collecting macroinvertebrate samples
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Fig. 6.4  A TEU intern helps students collect macroinvertebrates

I compiled data for each case study team into a single case record (Yin, 2008). The 
data were then analyzed using open coding methods, noting distinct themes or cat-
egories in the data, followed by axial coding to determine the representativeness of 
the themes and possible relationships between them (Huberman & Miles, 1994). I 
looked for within-case patterns and themes and then compared patterns and themes 
across cases (Yin, 2008). I also probed the data for the seven themes outlined by 
Stratton et al. (2015) (see Table 6.2). For this chapter, I selected a case that best 
represented some of the tensions in developing sustainability curricula, especially 
when the curriculum developers are: (1) novice teachers, (2) they are new to place-
based education, issues of sustainability, and sustainability standards; and (3) their 
goal was to integrate sustainability with an existing curriculum.

The team consisted of three STEM undergraduates. Anna (pseudonym)1 was a 
Senior majoring in Environmental Analysis and Chemistry. She planned to teach in 
the Fall and applied to the program out of a deep commitment to science, justice, 
and a desire to work for science literacy. Anna had prior experience working with 
high school youth through community gardening and college access programs. Rina 
was a Junior majoring in Computer Science. Rina was exploring teaching as a 
meaningful and purposeful career. She looked forward to focusing on theory 
(through the pedagogy course) and experiential learning (through the practicum). 
Rina had prior experience with tutoring students. Lee was a sophomore majoring in 
Biology. He was attracted to the TEU program to improve his ability to design 

1 Pseudonyms are used for all TEU interns.
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lessons, manage laboratory sessions, and incorporate relevant pedagogical methods. 
He had prior experience as a Teaching Assistant for an undergraduate Chemistry Lab.

6.5.3 � How Do the TEU Interns Envision Planning 
and Teaching About Sustainability?

The Science TEU team took up the challenge of developing a two-week sustain-
ability curriculum and river study. Furthermore, between Session I and Session II, 
opportunities to revise the unit plans provided avenues for improving instruction, 
content delivery, questioning, activity structure, and smoother transitions between 
activities. Yet, in analyzing their curriculum materials, I noticed they seemed to 
have two parallel streams of activities loosely connected by an overarching umbrella 
of sustainability. Thus, the curriculum lacked some thick connections that would 
have helped create a more cohesive sustainability curriculum. The first stream, 
shown in Fig. 6.5, focused on the river curriculum. Students were introduced to the 
river, they learned about the Healthy Rivers Program and macroinvertebrate, turbid-
ity, and coliform tests for water quality. They also collected field specimens, con-
ducted the tests in the college labs, analyzed the data, prepared presentation slides, 
and gave final presentations. Since the high school students were taking the course 
for credit, these aspects of the curriculum were required, especially the final 
presentations.

The second curriculum stream, shown in Fig. 6.6, focused on sustainability top-
ics. The TEU interns prepared lessons to help students explore their relationship to 
nature, including how Indigenous cultures relate to the land. Students engaged in a 
role play about greenhouse gases and their effects on the atmosphere and learned 
about global warming and its causes. In subsequent lessons, students watched the 
Story of Stuff (Leonard et  al., 2007), learned about the Amazon rainforest, 

Fig. 6.5  The river curriculum

Fig. 6.6  The sustainability curriculum
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conducted an endangered species simulation, learned about the Flint, Michigan 
Water Crisis, discussed redlining in the local community and environmental justice, 
followed by a power mapping activity where the HS students identified a goal, 
capacities, stakeholders, target, and tactics for a chosen environmental issue in their 
community.

As I mapped out the curriculum, I could see that for the high school students, the 
two streams might seem rather disjunct. Furthermore, the sustainability curriculum 
seemed to provide a crash course in various environmental topics rather than a cohe-
sive curriculum that could support students in their analysis of the river samples or 
deepen their understanding of the implications for water quality, and the important 
role of sustainability in water resource management. At the same time, when I coded 
the activities for the seven themes identified by Stratton et al. (2015), I noticed that 
the two curricular streams collectively addressed all seven themes (see Table 6.6).

Table 6.6  Mapping the river and sustainability curriculum to sustainability education themes

Theme River curriculum Sustainability curriculum

A holistic approach Ecological: Trout brook 
eutrophication, river study and 
analysis
Natural and built: Trout brook 
study, CT River flooding

Ecological: Amazon rainforest 
and endangered species 
simulation
Economic: The story of stuff, 
redlining
Social: The story of stuff
Cultural: Indigenous People’s 
views of the land
Political: Flint water, 
environmental justice, power 
mapping

Place-based education 
methodology

Trout brook lecture
CT River history
CT River ecology, local 
sampling and analysis

Redlining in Hartford

Connections between the 
natural and built world

River water sampling and 
analysis

The story of stuff

Conceptual frameworks for 
EfS

Sustainability defined

Development of 
sustainability literacy

Final presentations Global warming comics
Power mapping

Transformative 
pedagogical approaches

Place-based pedagogy: Trout 
brook

Sustainability role plays
Simulations
Power mapping
Video clip analysis

Links to climate change Global warming
Endangered species simulation
Video clip: Dear future 
generation: Sorry
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The River Curriculum addressed five out of the seven themes but lacked a clear 
conceptual framework for EfS and a connection to climate change. Since having a 
clear sustainability pathway can help justify why students are learning about some-
thing, identifying these gaps can help improve the curriculum. Although the sustain-
ability curriculum had activities that addressed all seven themes, as noted earlier, 
the connections between many of them were thin, which lessened the overall cohe-
siveness of the curriculum for the high school students.

A particular strength of the river curriculum was the place-based river study. 
According to Sobel, (2004, p. 6) place-based curricula “emphasiz[e] hands-on, real-
world learning experiences, [and] this approach to education increases academic 
achievement, helps students develop stronger ties to their community, enhances stu-
dents’ appreciation for the natural world, and creates a heightened commitment to 
serving as active, contributing citizens.” However, one of the challenges to imple-
menting place-based curricula in the program was that the TEU interns came from 
all over the country. They had to develop a quick understanding of the local area’s 
cultural, historical, and ecological history, including science content knowledge 
about the river, the ecosystem, local plants, history, management, human uses, and 
wildlife macroinvertebrates, microbiology. A strength of the sustainability curricu-
lum was that the TEU interns had a strong grounding in sustainability concepts, 
whether from prior college study or through the pedagogy course. At the same time, 
connections between the place-based study of the river and the sustainability cur-
riculum could have been stronger and made more explicit.

6.5.4 � What Are Some Recommendations for Improving 
the Sustainability Curriculum?

In analyzing this case study and others, several recommendations to improve EfS in 
the program focus on better integrating sustainability with the river study, drawing 
more strategically on the TEU interns’ science backgrounds, and enhancing student 
engagement. First, the TEU interns’ initial visit to the brook occurred with the high 
school students. Bringing the TEU interns to the brook during the first 2 weeks of 
the pedagogy course before they went with the high school students would allow 
them to learn about the physics, chemistry, and biology of the river and build their 
local knowledge of the river. The TEU interns would be able to explore the sampling 
techniques and relevant sustainability connections. The inclusion of two investiga-
tion sites, the brook and a river in another community that the high school students 
come from would engage more of the students in studying their local community (a 
way to increase relevance and engagement) and allow the HS students to engage in 
comparative analysis. Finally, the TEU interns should develop a sustainability cur-
riculum that features the river study as a central component, but then expands 
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students’ learning to the physics, chemistry, and biology concepts underlying sus-
tainability of river ecosystems, as well as the social, historical, and political issues 
of land and water use and urban development. The TEU interns did not feel that 
their backgrounds in their major, particularly those with Physics backgrounds, had 
strong connections to the curriculum they were teaching. Some Physics majors even 
thought that if they knew this in advance, they might not have applied to the pro-
gram because they lacked the expertise to teach about river ecosystems or sustain-
ability. However, the physics of rivers can be studied in the context of fluid dynamics 
or hydrostatic pressure to name a few examples, and they could make authentic 
connections to sustainability with these topics.

The bulk of the pedagogy I observed and noted in the sustainability unit for this 
case-study team was discourse-based, discussing sustainability topics such as red-
lining, ocean ecosystems, and rain forests, or watching video clips and analyzing 
them. One way to improve student engagement would be to center the NGSS science 
and engineering practices (NGSS Lead States, 2013) to convey a clear sense of the 
nature of science and engineering to the high school students. The science and engi-
neering practices include: (1) asking questions and defining problems; (2) developing 
and using models; (3) planning and carrying out investigations; (4) analyzing and 
interpreting data; (5) using mathematics and computational thinking; (6) constructing 
explanations and designing solutions; (7) engaging in argument from evidence; (8) 
obtaining, evaluating and communicating information. The TEU interns could build 
the curriculum around EfS as the goal and the scientific and engineering practices as 
the method to achieve EfS. This approach would enable the TEU interns to enact a 
central element of NGSS reforms and develop a curriculum that addresses the full set 
of scientific and engineering practices and sustainability in a more coherent way.

6.6 � Concluding Thoughts on Education for Sustainability

As noted earlier, a key challenge for EfS includes integrating sustainability with the 
existing curriculum, whether it be science or another content area. Just as the bal-
ance between science and engineering can be uneven, the balance between science 
and sustainability can also be uneven. Furthermore, the siloed nature of subjects 
particularly in the upper grades often creates barriers to the types of interdisciplin-
ary learning that sustainability concepts require. One way to support preservice and 
inservice teachers in developing a more cohesive approach would be to construct a 
checklist drawing on the seven themes developed by  Stratton et  al. (2015) (see 
Table  6.6)  to identify and assess the components of sustainability in curriculum 
units. However, addressing all seven sustainability themes is not necessarily the 
goal. Instead, the goal is to clarify which themes they address, how and why they 
address them, and their rationale for not including other themes.
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Education for sustainability is complex, draws on multiple disciplines and per-
spectives, and helps foster an array of highly desirable competencies for students 
that are urgently needed to address the myriad local and global sustainability issues 
that surround us. EfS helps bring meaning and connection and the answer to the 
timeless question of, “Why are we learning this?” Given its broad scope, EfS needs 
to be the responsibility of all educators in all subjects, but especially in the sciences. 
At the same time educators need clear frameworks and pathways for thinking about 
how to integrate sustainability into the curriculum. We need to move beyond rheto-
ric and fragmented action to serious and concerted efforts on the part of educators, 
researchers, and policymakers so that it becomes impossible for students to gradu-
ate from high school or college without a comprehensive education that also pro-
vides a basis for lifelong decisions and choices that foster sustainability locally and 
globally.
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Chapter 7
When a Titan Arum Blooms During 
Quarantine

Nicholas Gershberg

7.1 � The Arthur Ross Greenhouse at Barnard

The Arthur Ross Greenhouse has been an architecturally striking presence at 
Barnard College, atop Milbank Hall for nearly 25 years. It appears in almost any 
view of campus, from the ground, other buildings, or the air. For more than nine 
decades, research-active greenhouses have occupied Milbank’s roof, with two pre-
vious facilities preceding today’s. Having a campus greenhouse is emblematic of a 
commitment to botany and science, operationally and symbolically supporting the 
education of women and STEM research projects by women. Today’s facility 
enables a variety of research projects while also housing fantastic biodiversity, with 
more than a thousand plants from nearly 500 species, representing plant biodiver-
sity from almost every continent and biome on the planet. This living collection 
supports core STEM disciplines like biology, chemistry, and environmental science, 
plus anthropology and ethnobotany, political science and biogeography, economic 
botany, education, the arts, literature, and history.

Being so intent on the greenhouse as central to Barnard’s identity and mission 
raises questions about the practicality of any such facility. Extensive labor and 
energy resources are required for greenhouse maintenance and operations. In turn, 
living collections and other resources must therefore align, at least partially, with 
the curricula in many courses about science or sustainability. Instructors and stu-
dents should be able to devise and complete class activities, projects and other 
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research with the support of the Ross Greenhouse. And, our greenhouse is a visible 
and effective locus for STEM outreach to the college’s alumni, area schools and 
many other neighbors in northern Manhattan.

These myriad purposes are conveyed in this essay by full-time Greenhouse 
Administrator, Nicholas Gershberg. A skilled botanical horticulturist, he has long 
prioritized the sustainability of horticultural practices, aiming to minimize or miti-
gate negative impacts of greenhouse practice while also optimizing the care of the 
hundreds of plant species living inside. Gershberg also focuses on the well-being of 
the workers who provide that care and shares his sustainability and outreach mind-
set through an extensive network of plant-loving humans throughout New York City 
and beyond. A perennial part of Gershberg’s job is spotlighting and documenting 
the “added value” of the Ross Greenhouse to campus life. Beyond achieving spe-
cific research objectives and educational outcomes, why is it worthwhile? As his 
narrative explains, sustainable practice and caregiving can add to its routine support 
of research and teaching by delivering intangible rewards, truly “green” and beauti-
ful gifts to inspire and uplift the entire campus community.

7.2 � Of All the Times …

In April through June of 2020, during the early COVID-19 quarantines and the 
height of the virus outbreak in New York City, our collection’s Amorphophallus 
titanum (aka, Titan Arum, Corpse Plant) decided it was going to send up its first-
ever bloom (Fig. 7.1). Following in the footsteps of the Brooklyn Botanic Garden’s 

Fig. 7.1  ‘Berani’ (Indonesian for “Bold”), appx 10–12 years old, blooming for the first time, May/
June 2020
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(BBG) Amorphophallus titanum specimen “Baby”, which sent up the first recorded 
bloom in NYC in nearly 70 years, we had cultivated ours with great anticipation. 
That 2006 event was met with great public celebration and media coverage through-
out the city and brought a widespread fascination with the plant into public con-
sciousness. A number of years later, BBG decided to develop a new crop of titanums. 
Ours came from that crop, as an inter-conservatory gift of goodwill. Upon arrival at 
our greenhouse, it was a humble, young, 3-inch corm weighing about a pound. For 
nearly a decade, we have been cultivating it, with great affection, patience, and 
aspirations. Only a lucky few ever get to see these plants bloom in the native wilds 
of central Sumatra; the rest of us botanists and plant lovers must bring about a 
bloom ex-situ if we are ever to bear witness to its singular presence. For an institu-
tional greenhouse, blooming events such as these are prime opportunities to engage 
a wide public audience and bring attention to a host of relevant issues. We hoped 
that we could hold our own festive on-site event to inspire others, as the BBG event 
had inspired us. We were looking forward to the opportunity to enthrall both our 
campus and the local community in the wonder of the Titan’s bloom.

As some readers are likely to already know, the blooming of A. titanum in a con-
servatory setting is no longer the uncommon event it once was. Today, it is not as 
momentous an occasion as when Britain’s Kew Gardens bloomed the first in culti-
vation in 1889, or when The New York Botanical Garden bloomed their first in 
1937. As seed availability and horticultural knowledge have proliferated, mature 
specimens and their inflorescences have become staples in conservatories. 
Nonetheless, it is still a superlative event in the botanical world, and the blooming 
at Barnard was still an important and long-anticipated event for our community.

Any team that has successfully brought an A. titanum to bloom, or achieved a 
similarly rare botanical event, understands this sentiment. Beyond the sheer excite-
ment of the occasion, a corpse plant blooming is evidence that a greenhouse is doing 
a solid job of providing care 365 days of the year. Beyond being a point of pride 
(clearly), it also comes with a certain sense of relief, which may feel familiar to 
growers reading along. On the long road to a bloom, any number of things can hap-
pen (e.g., one cold night, a few days of too much or too little moisture, a random 
hapless accident) and years of cultivation can be voided before one has even real-
ized it has happened. So for many of us, being able to enjoy the tangible product of 
a capable team of horticulturists is a welcome occasion.

Each time one of these plants blooms, it is an opportunity for a greenhouse to put 
its best foot forward, and make the most of the outreach potential of these “mega-
flora” events. At the very center of any conservatory’s mission lies the message of 
stewardship. While the plant effortlessly does the work of drawing public interest 
(among the beetles and flies), the story of its lengthy cultivation inherently rein-
forces the notion that stewardship takes more than just good intentions and whole-
some aspirations. It demands hard work, dedication, knowledge, and patience.

But, nature is on its own timeline. Despite our best-intended interventions as 
growers, it more often than not shows little concern for our ends. And, famously, 
these titans tend to keep a particularly unpredictable schedule. It was only on the 
final day of our quarantine preparation, just before the “stay at home” orders were 
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issued in New York State, that our plant began to emerge from a long dormancy 
period. As much as we had hoped for a bloom for so many years, we would have 
been content with just another majestic non-reproductive leaf this time around. 
Weeks later, when there was no doubt that our plant had begun to produce not a leaf 
but a bloom in the midst of the nationwide quarantine, it was frustrating, and a bit 
of a disappointment. There was no way we could safely receive visitors at our facil-
ity. Not even our student workers, who had been instrumental in the plant’s daily 
cultivation, were allowed on campus at that stage.

As it happens, all was not lost. It turns out folks are quite fond of the internet. 
And despite the setback, we were intent on sharing the bloom with as much of our 
community and beyond as we possibly could.

First, in a matter of a few days, we prepared a livestream of the plant, which was 
posted on YouTube. Often just a supplement to the in-person experience, for this 
bloom a live stream feed would be our community’s primary window into the green-
house. Initially, I was surprised at how much technical know-how was involved in 
setting up the various elements of the stream. But, largely thanks to the help of an 
impromptu, remote collaboration of our college’s informational technology (IT) 
and digital media staff, we were soon able to broadcast 24/7. In addition, using the 
greenhouse’s existing Instagram account (@barnardgreenhouse), we staged a pub-
lic naming contest (as is the custom), culminating in the decision to name our bloom 
Berani, a word meaning “bold” in Indonesian. We updated and informed our audi-
ence with regular posts, and used “Instagram Live” as an impromptu platform for 
interacting directly with the public. Finally, a few days after the inflorescence 
waned, we created a beautiful time-lapse of the 48 h of opening and closing, which 
has proven a cherished memento. In retrospect, thanks to the staggering connectiv-
ity of the internet, it is possible that we reached a much larger, more diverse audi-
ence than if we only had an on-site event. Without a doubt, it was an object lesson 
in the potential that digital and social media offer for science and education outreach.

7.3 � Making the Best, of the Best

As a conservatory, fostering science literacy and educational outreach is a large 
part of our mission. When visitors come to the greenhouse, it is our job to elicit the 
“spark” of interest in the plants we house and to create the momentum that will 
generate further interest and desire for more knowledge. We try our best to provide 
our guests with clear, factual, thoughtfully contextualized, and relevant informa-
tion. Greenhouse curators routinely rely on an array of charismatic plants to facili-
tate conversations with visitors. It is important to remember that we are speaking 
to audiences with a diversity of interests. Some of our guests are of course already 
very interested in plants, and connoisseurs in their own right. Others are less so, 
and some are not initially interested at all. When young children come to the 
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Fig. 7.2  Detail within the 
spathe

greenhouse, after an initial introduction, we usually begin by asking whether they 
like ice cream. Even if they are not particularly interested in the plants, they are 
definitely interested in chocolate and vanilla! So we show them our vanilla orchid 
vine and our cacao trees. When burgeoning scientists come, we point out the fasci-
nating potential for biotechnology that plants such as cacao possess, and discuss 
how our particular plants were grown from tissue culture for potential commercial 
use. And if  a plant eats insects, moves rapidly—or both—it is sure to engage 
a crowd.

It has long been known that the use of charismatic flora and fauna is a highly 
effective tool in science outreach about biodiversity (e.g., Lindemann-Matthies, 
2011; Shah & Parsons, 2014), and provides great opportunities to cleverly intro-
duce more sophistication into the scientific vernacular. For example, a key point 
we emphasized from the start of our coverage is that what people were witnessing 
was not the world’s largest flower, but instead the world’s largest unbranched 
inflorescence, or single structure containing many dozens or hundreds of individ-
ual flowers (Figs. 7.2, 7.3 and 7.4). Throughout the 2 to 3 weeks of the ongoing 
event, we were able to introduce many more concepts, of greater nuance and 
sophistication, from topics including tropical biogeography, systematics and tax-
onomy, ethnobotany, morphology, pollination and reproductive ecology, and con-
servation biology. We were also able to bring attention to the history of often 
exploitive colonialist aspects of “discovering” any tropical plant taxa and to affirm 
the importance of local guides and Indigenous knowledge, both historical, and cur-
rent (Adams et al. 2014; Yudaputra et al. 2021). [HC4] Over the years, we have 
come to appreciate that there are myriad cultural connections with almost all of our 
taxa, making them interesting subjects for classes in sociology, history, literature, 
etc. In that sense, we have promoted the greenhouse collection as a resource for 
most, if not all of the other departments at the college, on some level. Here is an 
example of one of the interdisciplinary connections we made during the corpse 
plant blooming (Fig. 7.5).
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Fig. 7.3  From the 
ground up

Fig. 7.4  Overhead view
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Fig. 7.5  Interdisciplinary connections: “Who wore it best?”

7.4 � Improvise, Adapt, Overcome

In this digital age, online media is now the mainstream, and certainly the norm 
among our student body. The Titan Arum blooming event affirmed that as educa-
tors, we need to embrace this online trend. Moreover, that means not just using the 
preferred platforms of our student audience, but also adapting to the pace they set. 
That is not necessarily an easy proposition, as education and advocacy have to keep 
up and maintain relevancy in the midst of nearly constant stimulation. We must 
continually strive to provide high-quality content, in an eloquent manner, often in a 
way that is interdisciplinary, and cross cultural. Given the urgency to start an 
engaged awareness of the natural world early, it is our goal to reach as wide an audi-
ence as possible. By establishing these connections using modern platforms, we can 
fulfill this job of raising awareness, encouraging scholarship, fostering a committed 
sense of stewardship, and promoting informed action. Hopefully, if we can connect 
on common ground with broad appeal, we will help create a truly open and robust 
entry point for the STEM pipeline, available to the widest possible range of 
individuals.

There were some hurdles to clear in creating our online event. The main lesson 
we learned is that it is of vital importance to have a working familiarity with the 
setup and gear involved, and to practice to gain proficiency. To my surprise, no one 
person or department on our campus was familiar with the soup-to-nuts process of 
setting up a live stream video for public viewing. I had to enlist the help of about a 
dozen individuals, across several departments to make it work, and under quite 
unusual circumstances since almost nobody was actually on campus. It may have 
seemed like a fairly basic operation, given the ubiquity of live streaming lately. But 
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Fig. 7.6  Screenshot from YouTube

in actual fact, it was seldom needed, so the process took some effort to bring to bear. 
It is advisable to build these skills and interdepartmental relationships early, so that 
all of the components are effectively ready to go (Fig. 7.6).

Fortunately, the fact that we had already cultivated a social media follower base 
meant that, when we had exciting, ephemeral content, there was someone to share 
it with. While we did of course use the college’s existing traditional media outlets, 
they were somewhat static by comparison, and lacked the innately interactive qual-
ity of social media. Just as with the live stream hardware setup though, online plat-
forms take time to develop well. As a relative social media novice myself, learning 
to craft content that is at the standard of our in-person visitor experience, and that 
has a comparable “voice”, has taken time. A big thanks goes to a number of our 
greenhouse student worker staff, who put time in over the course of the last few 
years to help cultivate an engaging and worthwhile platform. Creating more immer-
sive informational hubs like websites can be extremely time-consuming as well, and 
are subject to a host of technical issues. Our own site has been a long work in prog-
ress, and is a high priority as the management and purposeful utilization of data 
continues to pave new paths in science. So it makes sense to view not only develop-
ing content, but also the means to disseminate it, as an ongoing process.

In the last year, this concept of a hybrid model for outreach and institutional 
engagement has, by sheer necessity, taken a huge leap forward. If anything though, 
the process has just been accelerated by circumstance, as there has long been a need 
to close the gap between “real world” and online scholarly resources. In cultivating 
on-site and online content synergistically, ideally, each one serves as a follow-up 
resource for the other. Whether you are a small institutional greenhouse with a mod-
est collection like ours at Barnard College, or a large, world-class institution, there 
exists great potential to enhance the user experience, and provide access to more 
diverse audiences, with nearly instant pathways for cultivating meaningful content.

N. Gershberg
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7.5 � Looking Back

I would like to take a moment to acknowledge that in addition to happening during 
the quarantine lockdowns, this bloom event converged with a time of unprecedented 
social upheaval. The nation, and the entire Barnard community, were outraged and 
heartbroken over the murder of George Floyd, Jr., and were activated in the ubiqui-
tous decrying of systemic violence against Black Americans. As the protests and 
national dialogue emerged as the events of true importance at that moment, how we 
proceeded was intently focused on not overshadowing them. Furthermore, our own 
community was already in a state of coping with the recent devastating death of a 
student. So we must remember that whenever these celebrated institutional events 
occur, they occur necessarily in the human context of everything else going on at the 
time. We hope, at the very least, that our event was uplifting in some small way, in 
the face of these truly serious, important, and deeply personal matters.

Now that our plant has returned to dormancy, we hope that the traditionally 
mounted pressing of the full inflorescence we have successfully made will be a 
tangible memento that students can marvel at in person upon their return. But we 
look forward to pursuing our outreach role online as well, as best we can, with all 
the latest tools at our disposal. Looking back at 2020, a year of highs and lows, I am 
ever more grateful our plant provided us an opportunity to focus on something posi-
tive, that brought our community together for a short while in mutual admiration. If 
the study of plants teaches us anything, it is that nature persists, and finds ways to 
adapt even in the most unlikely of environments. Hopefully, we can continue to 
reflect on this lesson, into 2021, and beyond.
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Chapter 8
What Does Cell Biology Have to Do 
with Saving Pollinators?

Jonathan Snow

8.1 � Introduction

To explain why I work on honey bees, I first want to tell you a little bit about my 
journey as a biologist. Biology is often portrayed as a continuum made up of differ-
ent levels of organization, from cells to tissues, to organs and organ systems, to 
individual organisms, and to populations, communities, and ecosystems. Wikipedia 
defines cell biology as the “branch of biology that studies the different structures 
and functions of the cell and focuses mainly on the idea of the cell as the basic unit 
of life” (Wikipedia contributors, 2018). As an undergraduate majoring in Biology at 
Williams College, I became fascinated with the cellular and molecular aspects of 
biology. As part of a continuum, the concept of cell biology in isolation is rela-
tively abstract without attempts to integrate it with broader biology, chemistry, and 
physics. Especially  when thinking about multicellular organisms, cell biology is 
most relevant when it can be applied to understanding higher levels of organization. 
The cell biology definition in Wikipedia continues on to suggest that “knowing the 
components of cells and how cells work is fundamental to all biological sciences; it 
is also essential for research in biomedical fields such as cancer, and other diseases” 
(Wikipedia contributors, 2018). True to form, I was thinking about how biology at 
this level contributed to disease in humans. After graduation, I studied mammalian 
blood and immune development and function. I was involved in looking at the cell 
biology of how we make our red blood cells, our white blood cells, and our platelets, 
often in the context of blood disorders and malignancies. Primarily focusing on 
mouse models and cell lines, I examined the role of signaling pathways and tran-
scriptional regulators affecting these processes in both my Ph.D. and post-doctoral 
work. The relevance of my studies to disease in humans was always in the backdrop.
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During my postdoctoral training, I had the opportunity to teach a course on the 
American food system with a longtime friend. This served as the beginning of a 
continuing interest in the systems, and especially the organisms, involved in making 
our food. As I looked towards the future, I hoped to use the techniques and ways of 
thinking I had learned in my graduate and postdoctoral training with a new model 
organism that might bring together these interests. With bees, I felt perhaps I had 
found the perfect model. Bees are fascinating and they are currently experiencing a 
crisis, but we do not know much about them at the cellular and molecular level. 
Luckily, however, their genome is sequenced and we can use knowledge gleaned 
from other model insects to inform our questions. Perhaps most importantly, a cell 
biological understanding of biology is highly transferable between animal species, 
so I began to use my skills in this new area.

While honey is one of the most commonly thought of benefits supplied by these 
insects, the most important benefit is the pollination services they offer (reviewed in 
Snow & Rivera Maulucci, 2017). The Western Honey Bee, Apis mellifera, provides 
pollination services of critical importance to humans in both agricultural and eco-
logical settings (Goulson et al., 2015). When bees fly from flower to flower foraging 
for nutrients, they transfer pollen between flowers of the same species allowing for 
fertilization of the ovule and completion of the plant’s reproductive cycle (see 
Fig. 8.1).

The co-evolution of pollinators and plants over millions of years has made bees 
and other animals a critical part of many ecosystems (Potts et al., 2016). In addition 
to their importance in natural ecosystems, this pollination service is absolutely 
required for the growth of many agricultural crops important to humans.

Plants like almonds absolutely require insect pollination. As our agricultural sys-
tems have become more homogeneous, and monocultures have become the norm, 
honey bees have become the only pollinator with the ability to effectively pollinate 

Fig. 8.1  Honey bee 
pollinating a cherry tree on 
Riverside
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many of the crops in our modern agricultural system. Some examples include 
apples, cranberries, melons, and broccoli with some crops like almonds, blueber-
ries, and cherries being greater than 90% dependent on honey bee pollination. 
Honey bees are easy to move, provide a high number of individuals, and they are 
generalists in the plants they will pollinate. To satisfy the pollination needs of an 
industrialized agriculture system, “industrial beekeeping” practices are now 
employed. According to a 2015 survey, over 85% of the country’s 2.6 million colo-
nies were in commercial migratory beekeeping operations with an average of >4000 
hives (Lee et al., 2015). Recently, meeting the pollination demand has become even 
more challenging as honey bee colonies have suffered from increased mortality, 
most likely due to a complex set of interacting stresses (Goulson et al., 2015). Key 
stresses thought to be involved include nutritional stress due to loss of appropriate 
forage, chemical poisoning from pesticides, changes to normal living conditions 
brought about through large-scale beekeeping practices, and infection by arthropod 
parasites and pathogenic microbes (see Fig. 8.2).

The challenges facing pollinators mirror those facing diverse organisms in both 
natural and managed environments. These issues will have far ranging impacts on 
the health of individuals and communities and the negative effects will be felt dis-
proportionately by marginalized and disadvantaged groups. For example, decreased 
abundance and diversity of animal pollinators like bees (Ollerton, 2017) is predicted 
to have potentially dire consequences for food security (Smith et al., 2015) that will 
be felt especially acutely in areas that are ‘food deserts’ where little food stuffs are 
produced, such as urban centers (Lawson, 2016).

As no single cause for the recent increase in honey bee disease is evident, there 
is enhanced focus on the impact of interactions between various stressors. In seek-
ing to understand how stresses might synergize to impact honey bee health, we have 
undertaken efforts to more completely define common cellular processes and cell 
stress pathways that are impacted by multiple stressors. My lab studies cell stress 
and infectious disease in honey bees. Undergraduates are incorporated into every 
aspect of this research throughout the year, with particular emphasis on designing 
and performing experiments as well as analyzing data. Figure  8.3 shows under-
graduate students working with the bees.

Together, we are interested in two big questions. First, how do bees respond to 
stress at the cellular level? Second, how does one of their common parasites, Nosema 

Climate Stress

Nutritional Stress
Chemical Stress

Infection Stress

Management Stress

Fig. 8.2  Key stressors impacting honey bee health
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Fig. 8.3  Snow lab members installing a ‘package’ of bees

ceranae, respond to stress at the cellular level? We hope to use the answers to these 
two questions to improve honey bee health.

We are specifically focused on the process of proteostasis, which refers to the 
homeostasis of protein synthesis, folding, function, and degradation (reviewed in 
Taylor et al., 2014). In multiple organisms, a number of normal and pathologic con-
ditions shown in Fig. 8.2 can lead to disruption of proteostasis. Environmental fac-
tors, as shown in Fig. 8.4. can modify proteostasis by acting through these cellular 
and organismal pathways, including microbial infection, aging, and nutrition, all of 
which are implicated in honey bee health.

Work in other organisms has defined a number of cellular pathways that are 
involved in recovering from proteotoxic stress, including the Unfolded Protein 
Response (UPR) centered in the endoplasmic reticulum (Walter & Ron, 2011) and 
the Heat Shock Response (HSR) centered in the cytoplasm (Vabulas et al., 2010). In 
our previous work, a number of very talented undergraduates have worked to char-
acterize these two proteostasis pathways (Johnston et al., 2016; McKinstry et al., 
2017; Shih et al., 2020, 2021; Adames et al., 2020; Bach et al., 2021; Flores et al., 
2021). These studies are ongoing with new cohorts of students helping to define 
unique aspects of honey bee cell stress pathways and the stress pathways of their 
pathogen, N. ceranae (McNamara-Bordewick et al., 2019).

In the context of a research laboratory, it has been relatively easy to discuss the 
plight of the honey bee with students and to draw broad links between our work on 
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Fig. 8.4  Proteostasis is regulated at many levels of biology. (Adapted from Powers & Balch, 2013)

cell biology and larger issues of sustainability. This has been, in part, because 
research students have direct interaction with bees; helping to tend the hives, assist-
ing in extracting honey, collecting and caring for bees in caged experiments, and 
dissecting specimens to obtain samples (see Fig. 8.3). In the next section, I will talk 
about my efforts to bring sustainability in thought and action into my classroom, 
with specific focus on my course, Laboratory in Cell Biology.

8.2 � Sustainability in the Classroom

As a faculty member at Barnard, I have been fortunate to teach exceptional students. 
I have drawn on my experiences as an undergraduate at Williams College, where I 
was nurtured in both intellectual creativity and curiosity as well as challenged to 
develop sharp critical-thinking skills. I was hired as a cell biologist and I am primar-
ily responsible for teaching three classes that deal with this level of biological 
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organization, Laboratory in Cell Biology, Cell Biology, and Introduction to Cell and 
Molecular Biology. I come from a biomedical background and am still quite inter-
ested in questions of human health, but as described above, my big picture view has 
shifted to focus on the environment and sustainability, especially as they connect 
with agriculture and our food production system.

My first thoughts about making a more intentional effort to incorporate sustain-
ability into my classrooms came from a collaboration with María Rivera Maulucci 
in the Education Department here at Barnard. We co-wrote an article about using 
honey bees in education (Snow & Rivera Maulucci, 2017) and it turned out to be a 
fun, educational, and inspiring experience that allowed for considerable self-
reflection and a renewed desire to merge sustainability and teaching more purpose-
fully. This experience synergized with my concurrent involvement with the 
Sustainable Practices Committee at Barnard. One of the activities of this committee 
was to hold a workshop series during the 2017–2018 academic year, in which the 
college community gathered to work towards the creation of a shared climate action 
vision statement. The workshops focused on a variety of areas, including 
Consumption and Waste, Energy, Local Environment, Curricula and Research, and 
Campus Culture. One of the goals of these workshops was to encourage faculty 
members to envision ways to include sustainability into our broader curriculum.

During the campus conversation on Curriculum and Research, María introduced 
us to Banks’ ideas about incorporating multicultural concepts into a curriculum 
(Banks & Banks, 2016). She suggested that Banks’ framework could be applied to 
introduce sustainability into a classroom (Rivera Maulucci, Pathways, this volume). 
The strategies proposed by Banks, and adapted by María, allow for different 
amounts of integration of this new perspective, in this case sustainability, with the 
‘core’ material of the class. The ‘levels of integration’ proposed by Banks include: 
The Contributions Approach (Level 1), The Additive Approach (Level 2), The 
Transformation Approach (Level 3), and The Social Action Approach (Level 4). 
According to Banks, Level 1 would see inclusion of a small number of discrete 
exposures to the new perspective without substantial connection to the existing 
course material. Level 2 would incorporate the concepts associated with the new 
perspective into the whole course without a substantial change to the course struc-
ture. Level 3 involves a major restructuring of the curriculum with the intent to fully 
integrate new material. Level 4 encourages students to apply the new perspective to 
real-world issues and pursue activism to support social change shaped and sup-
ported by what they have learned. Thus, the intensity of sustainability inclusion is 
dependent on the flexibility of the original material, the teacher, and the students 
involved in the class.

The collaboration with María and the work as part of the Sustainable Practices 
Committee helped me to imagine incorporating sustainability more fully into one 
class I teach, Laboratory in Cell Biology. In the case of this class, the broader con-
text of the material is quite flexible, so I could employ the more intensive 
Transformation Approach (Level 3) and restructure the curriculum to fully integrate 
sustainability. In addition, although the students are Biology and Neuroscience 
majors primarily interested in health-related fields, they are some of the best and the 
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brightest STEM students at Barnard, and I knew they would be ready to meet any 
challenge. To describe the proposed changes, I first want to start by describing the 
class and giving some context on how Barnard’s Biology Department envisions 
laboratory classes.

Research on science pedagogy has revealed that involvement with the theory, 
practice, and culture of science as undergraduate researchers increases long-term 
persistence in STEM (Linn et al., 2015). Providing such experiences is a major goal 
of a research program at a small liberal arts college. In my research lab, student 
researchers play a significant role in working to elucidate cellular stress responses 
of honey bees. However, as the number of students that can be included in a research 
program at a small college is necessarily limited, another approach to exposing a 
broader set of students to the ‘authentic’ theory, practice, and culture of science is 
through the use of upper-level labs. Authentic learning is an instructional approach 
that allows students to apply their knowledge to real-world problems while model-
ing the theory, practice, and culture of professionals in the field. Important aspects 
of authentic learning include open-ended inquiry, learning in groups, and the use of 
independent project work (Rule, 2006).

In our department, there has been a major push to implement these authentic 
learning principles in lab classes, mirroring a trend that has been gaining popularity 
in science education for some time nationally. One model for achieving these goals 
in known as Course-Based Undergraduate Research Experiences (CURE) 
(Auchincloss et al., 2014) and is defined as a course in which “students work on a 
research project with an unknown answer that is broadly relevant to people outside 
of the course” (Cooper et al., 2017). While not a CURE class in the strictest sense, 
the lab class I teach, Laboratory in Cell Biology, incorporates many of its principles, 
pursuing cell biology through weekly lab experiments that allow about 16 upper-
level students to gain experience in the theoretical and practical aspects of how cell 
biologists think about and perform experiments, collect data, and present scientific 
findings. The incorporation of original research questions interconnected with those 
pursued in my research lab represents a key aspect of this class that increases the 
engagement of students by incorporating “authenticity” into laboratory class. The 
inclusion of an independent project for the last third of the class is especially valu-
able in helping meet the goals of authentic learning. In addition to providing an 
authentic research experience, classes based on the CURE model have been shown 
to help increase the participation and retention of underrepresented groups in STEM 
education (Rodenbusch et al., 2016). Thus, CURE-type classes can be a major force 
for increasing inclusion in the science education and hopefully in the scientific 
endeavor more broadly.

When I first developed the class, I decided to focus on a small part of cell biol-
ogy, specifically choosing an area that was directly related to my research; proteos-
tasis and the cellular responses to disruption of this process. As mentioned above, 
proteostasis is maintained by the responses of the proteostatic network within indi-
vidual cells. These pathways sense proteostatic stress through the detection of a 
build-up of unfolded proteins and trigger a suite of responses designed to return the 
cell to homeostasis. Three highly conserved pathways are responsible for sensing 
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proteotoxic stress in the endoplasmic reticulum and trigger the coordinated response 
known as the UPR (Fig. 8.5). These pathways are characterized by unique trans-
membrane receptors and signal transduction machinery which activate UPR target 
genes to return the cell to homeostasis (see Fig. 8.5).

For the class, we use a fruit fly (Drosophila melanogaster) cell line (Schneider, 
1972), because they are easy to grow and many protocols exist for experimenting 
with them. But as a fruit fly-derived cell line, they are far removed from bees and 
pollinators. For framing and readings, I have focused on the cell biology and human 
diseases associated with the dysfunction of the  processes we study, such as 
Alzheimer’s (Hetz et al., 2020). Because of the flexibility of the cell line model, we 
can easily look at the process of proteostasis and the response to it by measuring 
various steps in the process including signaling, changes in gene expression, and 
cellular outcomes (Samali et al., 2010). Based on my assessments and student eval-
uations, this class has been quite successful in its aims of introducing the theoretical 
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and practical aspects of how cell biologists consider their field while increasing 
student enthusiasm and engagement. However, most students consider the broader 
biological context of the class to be about human disease, with approximately 40% 
of biology majors entering MD programs (for years 2010–2015). As biology is a 
continuum made up of different levels of organization and cell biology is highly 
transferable between metazoan species, it should be relatively straightforward to 
change the context to one involving themes of sustainability.

I devised five strategies to help link cell biology to problems impacting honey 
bees (see Table 8.1). First, I framed the class in terms of pollinators and bee health. 
Instead of beginning with human diseases, I started with pollination, honey bee 
biology, and honey bee health. Readings now reflect this change in framing (e.g., 
inclusion of Potts et al., 2016). I still make connections with medicine, but by alter-
ing the structure to move medicine to later dates in the course, I can shift the empha-
sis to sustainability. Second, I established this new emphasis by bringing live honey 
bees into class on the first day (with trips to see the apiary on the roof when weather 
permits). Third, I incorporated original research from my lab into the readings. 
Previous work examining proteostasis pathways in honey bees have resulted in pub-
lications with student coauthors that can be used in the class, including those cited 
above (Johnston et al., 2016) and (Adames et al., 2020). Fourth, we started with cell 
biology experiments using honey bees before focusing on cells. By getting to know 
the organisms before thinking about cells, I hoped to move through the levels of 
biological organization from organisms to tissues to ultimately zero-in on cells and 
the molecular component involved in their function. Finally, I encouraged students 
to explore links between cellular biological organization and sustainability prob-
lems that affect pollinators in their final projects.

After implementing the majority of these changes for one semester in the fall of 
2018, I found the project was overall a success with some key additions to be under-
taken in subsequent years. Anecdotally, I found that students were excited by the 
inclusion of sustainability concepts in the course and that students felt like the struc-
tural and content changes introduced them to new ideas and connections between cell 
biology and sustainability that they would not otherwise have been exposed to. 
However, I felt that there were two aspects that could be strengthened in future itera-
tions of the course. First, there were a number of missed opportunities to solidify the 
link between cell biology and sustainability as the class drew to a close. I find that the 
themes and information in a class often fall into place for students during the last few 
weeks of the course when they look back and synthesize information from the whole 

Table 8.1  Planned steps to connect cell biology to pollinators

Frame the class in terms of pollinators and bee health
Establishing the emphasis of the class by interacting with live bees on the first day (with trips to 
see the apiary on the roof when weather permits)
Incorporate original research from the Snow lab into the readings
Start with cell biology experiments using bees before focusing on cells
Encourage students to think about the big picture when doing their final project

8  What Does Cell Biology Have to Do with Saving Pollinators?



138

course. This is especially true when there is a cumulative assessment, which we have 
in this class in the form of both a final lab report and a lab final exam. Thus, I planned 
to spend additional time emphasizing the themes of sustainability covered throughout 
the course during the retrospective/synthesis period leading up to these assignments. 
In addition, I aimed to explicitly include these sustainability themes into the two final 
assignments to encourage student engagement through the end of the term. Second, 
any discussion of pollinators can be directly connected to concepts of environmental 
justice (Mohai et al., 2009). Making those associations in the class might represent an 
ideal opportunity to connect science and broader societal issues in the biology curricu-
lum. Third, I did not have a method in place for gauging the success of the project in 
a more concrete and quantitative manner. In order to assess the success of using the 
Banks framework to bring sustainability in thought and action into the Laboratory in 
Cell Biology class, I hoped to solicit feedback in a more structured manner.

I have now taught the class for the fourth time. A survey administered to the most 
recent iteration (taught fall, 2021) class assessing the effectiveness of the five strate-
gies named above was encouraging. When asked to rate the effectiveness of the 
strategies, students (n  =  17, Mean  ±  SD) gave the following scores; framing 
(4.58  ±  1), interacting with bees (4.71  ±  0.99), incorporating original Snow lab 
research (4.41  ±  1), starting with experiments on bee tissues before cells 
(4.65 ± 0.79), and referencing the broader context in the final projects (4.47 ± 1.07) 
(where 5 = very effective, 4 = somewhat effective, 3 = neutral, 2 = somewhat inef-
fective, and 1 = very ineffective). Feedback in comment form was quite positive 
(e.g. “Thank you for a wonderful class.”), but also provided some constructive sug-
gestions for future iterations. The recommendations fell into two broad categories. 
First, a number of comments suggested spending more time discussing specific 
threats to pollinators (e.g. pesticides and infection) and bridging these insults to the 
UPR more concretely. A specific example was a request to emphasize Snow lab 
research more in recitation. Second, there were a number of calls to include even 
more bee species and more interactions with bees during the class the first day. For 
example, one student suggested using visits to the apiary and college green roofs to 
discuss bees, pollinators, and sustainability in a NYC-specific manner. These points 
represent positive and productive feedback that I hope to incorporate over the next 
few iterations of the class. One future goal commensurate with these student reac-
tions is described in the next section.

8.3 � Beyond Honey Bees

According to E. O. Wilson’s Biophilia hypothesis, humans are inherently interested 
in learning about other life-forms (Wilson, 1984). Many scholars and activists alike 
have worried about the loss of this human attribute as we have increasingly less 
interaction with nature in the modern world (Pyle, 1993), leading to diminishing 
interest in conservation (Soga & Gaston, 2016). In a 2002 article, authors described 
the ability of schoolchildren to name approximately 50% more Pokémon characters 
than real species (Balmford et  al., 2002). In agreement with this finding, most 
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students I talk to think there are only two types of bees, “honey” and “bumble.” Yet 
in fact there are ~20,000 other bee species on the planet (Michener, 2000). However, 
the vast majority of attention and resources are spent focused on the honey bee and 
to a lesser extent on other managed bee species (Geldmann & González-Varo, 
2018). Of the myriad bee species, ~50 species are managed and only 12 are com-
monly used for pollination services (Potts et  al., 2016). Agriculturally-important 
managed bees include select species of the following groups; bumble bees (genus 
Bombus), alkali bees (Nomia melanderi), alfalfa leaf-cutter bees (Megachile rotun-
data), and mason bees (genus Osmia) (Klein et al., 2018).

In addition to bees, many other animals are involved in pollination (Ollerton, 
2017). A long-held belief has been that diversity in pollinators is of significant value, 
leading to higher levels of pollination even in the presence of managed pollinators 
(Kremen, 2018) and recent studies support this view (Garibaldi et al., 2013, 2016; 
Winfree et al., 2018). Reductions in all animal pollinators, including wild bees, have 
been documented in recent years (Potts et al., 2016). One study found a 50% reduc-
tion in the bee species visiting plants within a specific study region over the last cen-
tury (Burkle et al., 2013). While difficult to quantify the effects, such pollinator losses 
could have significant impacts on human health (Smith et al., 2015). It is likely that 
these losses are largely due to human impacts (Winfree et al., 2011). This troubling 
trend of diversity loss as a direct result of our activities extends beyond pollinators to 
other invertebrates. For example, a 2017 study showed a 75% decrease in flying insect 
biomass over the last three-decade period in Germany (Hallmann et al., 2017). As a 
person interested in sustainability and conservation, I found these numbers disturbing, 
and I aspired to stretch my goals for the Laboratory in Cell Biology even further. 
Could I use the class to increase student’s knowledge of other bee pollinators and 
invertebrates more broadly? Could I use the class to think about conservation beyond 
species directly relevant to the well-being of human society?

Charismatic megafauna is a term used to describe widely popular animal species, 
which are often used by conservation advocates to achieve environmental steward-
ship goals (Ducarme et al., 2013). There are pros and cons to using this model to 
involve the wider public in conservation. However, there is some evidence that peo-
ple’s natural interest in honey bees (reviewed in Snow & Rivera Maulucci, 2017) 
can be used to increase exposure to other wild species. Some argue that honey bee 
conservation on its own will not help wild bees and other pollinators (Geldmann & 
González-Varo, 2018) and some evidence even suggests that where introduced, 
managed bee colonies can have negative impacts on native bees (reviewed in 
Mallinger et al., 2017). In addition, it is clear that conservation of pollinators will 
have to be driven by forces beyond the crop pollination services these species pro-
vide (Kleijn et  al., 2015). But if honey bee awareness could be the gateway to 
broader awareness of and interest in wild bees, other insect pollinators, and inverte-
brates more broadly, it could have significant beneficial consequences for the con-
servation of these species. For example, in March of 2017, the rusty-patched 
bumblebee became the first bumblebee, and only the eighth bee, to be protected 
under the Endangered Species Act. It is highly probable that increased awareness of 
the challenges facing honey bees and the importance of pollination may have con-
tributed to this somewhat remarkable event.
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To incorporate ideas of conservation beyond honey bees into this class, we are 
now revisiting the strategies from Table 8.1. First, when framing the class I now 
expand the topics to include wild bees and the challenges facing them by including 
additional reading about them (e.g., Klein et al., 2018). Second, when establishing 
the emphasis of the class we hope to include a second ‘field’ trip to the green roof 
located on the Diana Center here at Barnard. Wild bees are abundant in New York 
City (Matteson et al., 2008) and they are likely to be on the Barnard Campus on the 
first day of class in September. So, our first class might include a ‘bee hunt’ (Mueller 
& Pickering, 2010) in addition to an apiary tour. To make this exercise more mean-
ingful, I plan to have students photo-document any pollinators they see for subse-
quent identification. Documentation of various organisms including pollinators has 
been part of multiple “citizen science” initiatives in recent years. One of the most 
successful has been the “bioblitz”, which involves students and volunteer experts 
attempting to document and identify all the species in a given area over a specific 
time period (Ballard et al., 2017; also see O’Donnell & Brundage, this volume). 
While a true bioblitz is far beyond the scope of this class, documenting pollinating 
insects on our green roof over a 2-h period would work well. While data from citi-
zen science initiatives have been shown to be somewhat incomplete (Kremen et al., 
2011), the impact of such programs on understanding and appreciation of species 
diversity and conservation are apparent (Mitchell et al., 2017). Because we do not 
have experts in entomology available to help with species identification in this class, 
we can employ a widely used crowdsourcing site, iNaturalist (www.inaturalist.org, 
McKinley et al., 2017) for this task. iNaturalist is described as a “crowdsourced spe-
cies identification system and an organism occurrence recording tool” and allows 
for additional time and map data to be recorded with observations. As proof of 
principle, I used the site to identify the picture of the bee in Fig. 8.6, taken on the 
Barnard campus in late July of 2017.

Fig. 8.6  Brown-belted 
bumblebee, Bombus 
griseocollis on Barnard’s 
campus. (Photo credit: 
Rachel Snow)
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The bee was identified by a number of experts as a brown-belted bumblebee, 
Bombus griseocollis, which is native to much of the United States except for the 
Southwest. It is my hope that even this limited exposure to wild bees and the unique 
challenges faced by them will shift the attitudes of the students in my class towards 
appreciation and conservation.

8.4 � Full Circle from Teaching to Research

One of the many delights of being an educator is learning from your students or your 
own teaching. Thinking about how to incorporate sustainability into my Laboratory 
in Cell Biology class forced me to consider pollinators other than honey bees more 
than I had ever done in the past. Like with honey bee losses, native bee decreases are 
likely caused by a complex set of interacting stresses (Goulson et al., 2015). Yet, 
from a research perspective, especially at the cell and molecular level, we have, by 
orders of magnitude, more information about honey bees than we do about a given 
wild bee species (Trapp et al., 2017). One metric of the quantity of research on an 
organism or group of organisms is the number of publications about them. As an 
example, looking at specific bees, as of 2021 there are 4 scholarly publications in 
Web of Science about the bee species Megachile centuncularis, which is native to 
New York City. There are 795 publications on all bees of the genus Megachile. By 
contrast there are 4997 publications about the European honey bee Apis mellifera 
and 9521 publications on bees from the genus Apis for the last 5 years alone!

Another indicator of the degree to which an organism is being studied at the 
molecular and cellular level is whether its genome has been sequenced. Of the 
20,000 bee species, we have genomes sequenced for only 15. I have in no way given 
up my interest in or commitment to honey bees. However, I hope to think about 
these other bee groups and be more inclusive when framing my own research ques-
tions and drawing conclusions. I have now expanded the organisms I study beyond 
honey bees to some wild bee species. As mentioned above, solitary bees of the 
genus Megachile have been studied (Pitts-Singer & Cane, 2011; James & Pitts-
Singer, 2013) and tools have been developed for studying them (Fischman et al., 
2017; Trapp et al., 2017). There is even some preliminary research looking at ther-
mal stress and the immune response in these bees (Xu & James, 2012), which over-
laps with the kind of cell stress pathways we typically explore in honey bees 
(McKinstry et al., 2017). We have now begun working with M. rotundata to better 
understand how what we learn in honey bees might apply to other bee species.

8.5 � Conclusions and Reflections

Honey bees are critical pollinators for agriculture and are facing health problems of 
complex origin. From a research perspective, understanding them at the cellular 
level will be important in helping to improve their well-being and survival, with 
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critical benefits to human nutrition. As a teacher, I am responsible for many courses 
focused on biology at the cell and molecular level. Biology is a continuum of differ-
ent levels of organization, all of which are important and critically intertwined. 
Because of this, cell biology as a discipline can be framed in a variety of contexts. 
Although the default context is typically medicine, connecting the theory and prac-
tice of cell biology with the broader environmental issues of honey bee disease and 
the growing pollinator crisis is promising. Furthermore, I believe I can use the wide-
spread appeal of honey bees to encourage students’ interest in more bee species, 
other pollinators, and invertebrates in general with positive impacts on conservation 
and sustainability. Student feedback revealed that the sustainability aspects of the 
class were very well received, but also provided some constructive suggestions for 
changes that will be the basis of future improvement to the class.
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Chapter 9
Finding the Most Important Places 
on Earth for Birds

Terryanne Maenza-Gmelch

9.1 � Birds as Gauges of Changes in the Environment

Bird song is a signature of the arrival of spring and it can be used as a gauge of 
ecosystem health. In Rachel Carson’s Silent Spring (1962), she writes, “And as the 
number of migrants grows and the first mists of green appear in the woodlands, 
thousands of people listen for the first dawn chorus of robins throbbing in the early 
morning light. But now all is changed, and not even the return of birds may be taken 
for granted.” Looking and listening are ways we can observe the ecology around us. 
However, with the distractions of daily life, we may be more concerned with poli-
tics, writing book chapters, and deciding on what to cook for dinner, than listening 
for birds or thinking about birds as monitors of the environment. With these preoc-
cupations in place, how can we convince ourselves, or others, to make time to enjoy 
birds and their leafy habitats which would naturally lead to concern for their well-
being? In this chapter, the mutualistic relationship between birds and humans is 
explored. Perhaps we will learn to care about birds after we gain an understanding 
of the beneficial roles of birds in our lives, neighborhoods, and the world.

Observing species in nature is a good way to monitor issues of sustainability, 
including the impact of changes in climate, land use, and the way humans use 
resources. Birds, in particular, are commonly regarded as monitors of environmen-
tal change. You can make casual observations of birds, insects, plants, etc., during 
hiking and gardening, among other things. The next level is to include where and 
when you made these observations, an important step in making the data valuable 
and worthy of contribution to scientific databases that scientists use such as eBird or 
iNaturalist apps. This is community science and bird watchers are active community 
scientists and therefore able to contribute to data-driven conservation activities. 
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Birds are responsive, ubiquitous, easily surveyed, and have interesting ecological 
requirements. Noticing which birds are where and their relative abundances has 
great value and is the basis for important contributions to conservation policy by the 
general public as well as scientists. We know that birds like the Golden-winged 
Warbler are declining in part because of land-use issues such as habitat destruction 
and the natural succession of shrubby habitat to the forest (Confer et  al., 1992). 
Carolina Wrens in the Northeast are expanding northward in range in response to 
climate change (Hitch & Leberg, 2007). Both nicely illustrate how birds can be 
monitors of change in the environment. In Rachel Carson’s Silent Spring (1962), 
some of her case studies focused on declining bird populations in general and, spe-
cifically, the discoveries of dead birds in areas just after marshes and other habitats 
were sprayed with insecticides. This drew attention to and highlighted the use of 
birds as sentinels of environmental health and the interconnectedness of nature in 
general.

Historically, bird watchers and academics have been collecting bird presence and 
abundance data for over one hundred years, beginning with the first Audubon 
Christmas Bird Count in 1900. In spring, Breeding Bird Surveys have been con-
ducted since 1966 across Canada and the United States to monitor bird populations 
in the region with the goal of applying the data to conservation. The Breeding Bird 
Surveys were started in response to the profligate use of pesticides and the concern 
that these chemicals posed threats to wildlife and humans. Trends revealed in bird 
monitoring data have historically shown declines of charismatic birds such as the 
Peregrine Falcon, the Osprey, and the Bald Eagle due to the pesticide DDT. These 
observations prompted actions, such as banning DDT and reintroducing the species. 
As a result, these species of birds have recovered.

In another example, a concerned group of women from Boston in the late 1800s 
brought attention to the decline of various wading birds due to the unfortunate use 
of the long and ornate feathers from species such as the Great Egret. The population 
of these large, white, wading birds was shrinking because they were collected and 
killed for their breeding plumes which were in high demand to decorate fashionable 
hats worn at the time. This episode of activism was the stimulus for the formation 
of the first chapter of the Audubon Society (Weidensaul, 2008, p. 157) and legisla-
tion to protect these species. Today, New York City Audubon monitors Great Egret 
populations in New York Harbor and the wetlands throughout the New York metro 
area where the birds are successfully breeding.

Currently, birders are entering their observational data directly into their phones 
while in the field using the ebird app (Ebird, 2021) which is a portal developed by 
Cornell University for collecting georeferenced bird data, a powerful tool that has 
great conservation value. Ebird allows visualizations of where birds are, their move-
ments, and their abundances. One of my favorite products from eBird is the ani-
mated migration maps where entire northbound and southbound routes across the 
Western Hemisphere are shown for 118 avian species (Powell, 2016). The bird and 
habitat conservation that is informed by these data collection efforts aligns nicely 
with the Life on Land United Nations Sustainable Development Goal 15, which 
specifically states, “Protect, restore and promote sustainable use of terrestrial 
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ecosystems, sustainably manage forests, combat desertification, and halt and reverse 
land degradation and halt biodiversity loss” (United Nations, 2021).

9.2 � Our Relationship with Birds

In a mutualistic ecological relationship, the interacting species both benefit in that 
each provides a helpful service for the other. Some of the more familiar mutualism 
examples are mycorrhizae (the connection between plant root tips and fungal 
hyphae) where sugars made in photosynthesis, water, and minerals are shared 
between plants and fungi. And, of course, there are various pollination mutualisms. 
What could birds possibly do for us? What can we do for birds? There are some 
fundamental and beneficial conditions and commodities that are provided to humans 
that are due to the workings of the bird community. Drinking water quality, coffee 
bean quality, and seed dispersal are just a few of these services. Humans need to do 
more in return.

9.2.1 � Bird Stories: Purification of Drinking Water

Let’s say you are not moved to care that much about a bird’s well-being. You can 
frame the issue in another way…what do the birds do for you? What do you get out 
of it? One answer is clean drinking water. Before reading on, can you assemble the 
puzzle pieces in your mind that support this truth? Here is a clue: think watersheds, 
as seen in Fig. 9.1.

In a forested watershed, trees – and the soil they are rooted in – purify drinking 
water. As rain falls, trees intercept precipitation which infiltrates the soil where tree 
roots and soil microbes remove impurities. When you turn on the tap in New York 
City, the high-quality water originated from and was purified in forested watersheds 
in upstate New York. What keeps the forests healthy? This is where birds fit in. 
Birds keep forests healthy through their consumption of forest insect pests. As a 

Fig. 9.1  Students at Black Rock Forest exploring the area near Jim’s Pond, a nice example of a 
forested watershed
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matter of fact, in spring, migratory birds from the tropics head north through eastern 
North America following a green wave of tree leaf bud bursts. Along with those bud 
bursts, large quantities of leaf-eating caterpillars also hatch. Birds eat them as they 
move north. In this mutualism, trees provide bird habitat and the birds provide 
insect control. It has been shown that forest birds can reduce the defoliation of forest 
trees by 50% by eating these caterpillars (Marquis & Whelan, 1994). In their study, 
Marquis and Whelan wrapped trees with mesh that excluded birds but allowed 
insects free access. Unwrapped trees served as the control that birds and insects 
could get to. The wrapped trees experienced more biomass loss (leaves were eaten 
by the insects) compared to unwrapped trees, thus illustrating how birds keep herbi-
vores (in this case – caterpillars) under control. Therefore, you can thank a bird for 
your clean drinking water, especially if you are in New York City.

9.2.2 � Bird Stories: Coffee

To further the mission of convincing readers to care about birds and their habitat, 
let’s talk about coffee. What can get more personal than that? There are two broad 
categories for coffee: sun-grown and shade-coffee. Sun-grown coffee is an ecologi-
cal disaster. To grow it, tropical forests must be cut down and a monoculture of 
sun-grown coffee is planted. As is typical of a monoculture, disease can spread fast, 
so pesticides are applied. The result is tropical forest habitat loss with a reduction of 
associated biodiversity and a loss of forest ecosystem services. Plus, there is chemi-
cal contamination of the crop and watershed and dangerous exposure to chemicals 
for farmers. In comparison, shade-grown coffee is sustainable. The forest is not 
removed, coffee plants are grown in or near the understory. Since the structure of the 
forest is not damaged, the associated animals, for example, birds, do not move out. 
As a matter of fact, the birds keep the coffee plants healthy by eating coffee berry 
pests. This, in turn, reduces or eliminates the need for pesticides, decreases water-
shed contamination, and keeps farmers safer. Research has shown that birds reduce 
berry infestation and can do so up to 50% in agroforestry settings (Kellermann 
et al., 2008; Martínez-Salinas et al., 2016). This translates to an increase in coffee 
yield and farm income, a financial incentive for growers to choose shade-grown cof-
fee. You can thank several species of warblers and vireos and other avian species for 
this service. Many of these birds are the same birds that migrate to North America 
in the spring and summer, for example, the American Redstart and the Ovenbird. In 
the winter they are in the tropics carrying out various ecosystem services like keep-
ing coffee plants healthy. The bird-coffee berry story is another tangible example of 
ecological mutualism and why we should care about birds. Students can connect 
with these issues and get enthusiastic. Now that coffee woke everyone up, it is time 
to talk about migration.
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9.2.3 � Bird Stories: Migration of the Red-Eyed Vireo

Anyone that has spent time in eastern North American forests has heard the inces-
sant song of the Red-eyed Vireo, consciously or not (check out  Red-eyed vireo 
sounds, at https://www.allaboutbirds.org/, Cornell Lab of Ornithology). If you stop 
to look, you will see this lovely common forest songbird, with its black and white 
eyebrow and red eye, and hopefully wonder about its story. This species migrates to 
our eastern forests in spring and summer to pair up with a mate and raise young 
among lush trees and ample food. Many other species, like warblers and thrushes, 
etc., do this too. We pretty much know exactly where in the tropics the Red-eyed 
Vireo spent its winter before coming here, which route it took to get here and where 
it stopped to rest. This has been made possible with geolocators (Stutchbury et al., 
2009) which are lightweight devices that are attached to (and later retrieved from) 
the birds. These instruments record how light levels change along their journeys, 
over time, which translates to latitude and longitude information. For example, one 
particular Red-eyed Vireo left northwest South America on April 6, stopped over in 
Central America on April 29 for about a week, crossed the Gulf of Mexico in one 
night on May 8, rested in vegetation on the Gulf Coast from May 9 to 12 and finally 
arrived in Pennsylvania on May 18 (Callo et al., 2013). What was your immediate 
reaction to this information? I think it is amazing that these birds can do this and 
survive the trip and that we know the details. Many of the birds that cross the Gulf 
do not make it, especially if a rainstorm with winds from the north develops during 
their crossing. My reaction is – if they are coming all this way, it is our responsibil-
ity to protect the habitat here for them.

9.3 � What Do Birds Need from Us?

Birds need us to protect their habitats. An important and ecologically supportive 
place for birds is one that has a structurally complex layering of vegetation: canopy, 
understory, shrubs, herbs, and ground layers – in other words, a diverse and inclu-
sive environment. The location should have access to water (streams and ponds) and 
be large in area while being connected to other large patches of vegetation that have 
different characteristics due to differences in topography and/or land-use history. In 
short, healthy habitat for birds is an expanse of land that is a mosaic of habitats 
analogous to the squares in a quilt. The more diverse the habitats in the landscape 
the more “living” options for the birds and therefore the higher the bird diversity. 
When areas like this exist and the resident bird communities have been documented 
by bird clubs, conservationists, and academic groups, it is a perfect opportunity for 
humans to participate in their part of mutualism: land conservation. Humans have 
the responsibility to preserve this land from disturbances and degradation. Figure 
9.2 shows some species found in northeastern North America.
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Fig. 9.2  Eastern Screech Owl, Ovenbird, and Scarlet Tanager at Black Rock Forest

Let’s get back to my earlier comment – if they (birds) are migrating all this way 
to spend a portion of their life cycles in North America, we had better protect the 
forests here for them, as well as forests in the tropics. Recall the long and potentially 
dangerous journey of the red-eyed vireo described above. Upon arrival, these birds 
need a habitat for resting and eating and, eventually, reproduction.

9.3.1 � How to Identify Ecologically Important Places for Birds

Identifying ecologically important places for birds is what I do. Students and I have 
identified some of these important places and our work has successfully informed 
land conservation policy for the Audubon New York Important Bird Area (IBA) pro-
gram (Audubon New York, n.d.). Through the  IBA program, the most important 
places on Earth for birds are identified and conserved. IBAs have been identified 
throughout the United States. New York state has well over 100 IBAs alone. When 
nominating a region for IBA designation, there are three key components that must 
be investigated for the application. The first is whether there are significant popula-
tions of “listed” species. A listed species is a bird that in previous surveys has been 
shown to be declining in numbers and is therefore of conservation concern. 
Examples of some of the listed species in New  York state forests are the Wood 
Thrush, Prairie Warbler, Cerulean Warbler, and Scarlet Tanager. The second crite-
rion considered in the IBA application is the presence of all or most of the respon-
sibility species assemblage. This is an assemblage of species that together typifies 
or represents a particular habitat. For example, an eastern deciduous forest is repre-
sented by various species of hawks, thrushes, vireos, warblers, and flycatchers, etc. 
The third requirement is large numbers of migratory birds.

Barnard students assisted me and colleagues from other institutions in the effort 
to collect data for the Black Rock Forest IBA application. Surveys revealed that the 
proposed area met all three criteria of the IBA program: significant populations of 
“listed” species, presence of all or most of the responsibility species, and large num-
bers of migratory birds. In particular, thresholds of key individual birds such as 
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Cerulean Warbler, Worm-eating Warbler, Wood Thrush, Blue-winged Warbler, and 
Prairie Warbler were well above the required levels. As a result of our research, 
Black Rock Forest was awarded IBA designation in June 2016 by Audubon 
New York (Maenza-Gmelch et al., 2016). Thus, to hold up the human end of our 
responsibility to birds and provide them with ecojustice, an inclusive set of circum-
stances is required: habitat diversity, organized research, authentic citizen input, 
organizational approval, as well as local management – described below.

9.4 � Black Rock Forest

What is Black Rock Forest? Black Rock Forest is a 3914 acre, eastern deciduous 
forest field station that Barnard College, and other member institutions, have the 
opportunity to use for research and education endeavors. It is a gem of a field 
station because of its natural beauty and amazing staff. Black Rock Forest is 
about one hour north of Manhattan and is in the Hudson Highlands of New York 
State. The forest is part of a northeast-southwest trending corridor of preserves 
and parks that has tremendous wildlife and ecosystem service value. The region 
has high species and habitat diversity due to topographical sequences of ridgetops, 
slopes, ravines, lakes, and streams with more than 1000 feet of relief. Also con-
tributing to this habitat diversity are chronological sequences featuring a mosaic 
of different aged forest patches within the forest matrix that is maintained through 
natural disturbance and thoughtful forest management. Figures 9.3 and 9.4 show 
such a diverse landscape. Vegetation structural complexity, a natural feature of a 
healthy deciduous forest, plays an important role in supporting a diverse animal 
population, especially if its integrity is maintained and enhanced through excel-
lent timber and deer management plans, which is the case at Black Rock. A large 
contiguous area is also important and its almost 4000-acre size is comparable to 
more than four Central Parks.

Fig. 9.3  Example of the diverse landscape at Black Rock Forest as seen from the summit of 
Black Rock
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Fig. 9.4  Examples of the plant diversity that arises from the topographical diversity in the forest. 
Shown here are the native shrubs: Pink Azalea, Choke Cherry, and Mountain Laurel

Fig. 9.5  Students measure herb diversity in an area of the forest that had been burned

9.4.1 � Getting Students into the Field

My spring and summer research projects with students (Fig. 9.5) focus on the explo-
ration of why Black Rock Forest supports a diverse bird community and investiga-
tion of possible threats. Questions considered have included: Where are the bird 
diversity hotspots in the forest? Is vegetation structural complexity important? Is 
plant diversity important? Is habitat heterogeneity important? What are the threats? 
Do roads and trails negatively impact bird communities? Is connectivity important? 
Can we avoid putting forest activities in the middle of biodiversity hotspots?
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Our research plan started out by showing that unique habitats within the forest 
matrix support species that are not found in other parts of the forest, for example, 
the Chestnut-sided and Blue-winged Warblers in early successional patches, 
Acadian Flycatchers in hemlock ravines, and Cerulean Warblers in deciduous forest 
areas near streams. How did we do this? We developed a plan for authentic, direct 
observations. After dividing the forest into habitat types we did point-count bird 
surveys in each. In point-counts, you look and listen for birds for 5 or 10 min within 
a circle that has a 50-meter radius centered in the targeted habitat. You typically visit 
each survey site several times during the season. After surveys were completed, the 
data revealed that some birds were everywhere (generalists) and some birds were 
only found in certain habitats (specialists). For example, we found that Prairie 
Warblers are usually at higher elevation sites in the forest, such as the open tops of 
Mount Rascal and Black Rock Summit. Eastern Towhees like the shrubby areas 
typically found at Jim’s Pond and by The Stone House. Other birds, such as the Red-
eyed Vireo and the American Robin, seem to be everywhere.

In another study, we set out to determine how vegetation structural complexity, 
plant diversity, and habitat diversity (when the landscape has a mosaic of habitats – 
like the patches in a quilt) affect bird distribution. We began by surveying bird popu-
lations, again using point-counts, throughout the breeding season in six different 
habitats. Each habitat was visited several times spanning two breeding seasons for 
5 or 10-min counts totaling 100 min at each habitat. The habitats were either struc-
turally homogeneous or structurally heterogeneous. We conducted a vegetation sur-
vey with vertical and horizontal components for each habitat in order to calculate 
plant vertical density indices (as a measure of forest structural complexity) and 
plant species richness values (Fig. 9.6).

Our data suggest that structurally complex habitats at Black Rock Forest (BRF) 
support a higher diversity of birds than simpler ones. We also confirmed that land-
scape heterogeneity and habitat vertical complexity were positively correlated with 
bird species richness (Maenza-Gmelch & Gilly, 2015). The fifteen most abundant 
bird taxa during the breeding season at this location are American Robin, Red-eyed 
Vireo, American Crow, Veery, Cedar Waxwing, Common Yellowthroat, Gray Catbird, 
Chipping Sparrow, Scarlet Tanager, American Goldfinch, Great-crested Flycatcher, 
American Redstart, Baltimore Oriole, Yellow Warbler, and Eastern Towhee.

Another project was aimed at understanding the impacts of various road types 
and trails on bird abundance and diversity in order to inform land-use decisions in 
and near this forest for bird conservation purposes (Maenza-Gmelch & Wasmuth, 
2017). A total of 692 detections were made of 57 bird species in this survey. 
Measures of bird species richness and diversity were not significantly different 
between paved roads, dirt roads, and trails. Since Black Rock Forest exists in a 
landscape matrix that is heavily forested in general, it is not surprising that the bird 
diversity and abundance near roads and trails may not differ significantly (Rodewald 
& Arcese, 2016). We plan to repeat this study with more sites and an expanded 
analysis that separates nesting and foraging guilds. Looking at nesting and foraging 
diversity, as opposed to just species diversity, in relation to habitat structure could 
reveal important relationships.
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Fig. 9.6  Students use a vegetation complexity board to estimate vertical vegetation density

Conservation recommendations to preserve bird diversity (and biodiversity in 
general) at Black Rock Forest include: continue to maintain the mosaic of different 
aged forest patches within the forest matrix (burning at the Stone House, mowing at 
the reservoirs, etc.); continue maintaining/creating structural complexity during 
timber management and hemlock ravine restoration (planting white pine to replace 
hemlocks); continue to speak up about threats to the composition and configuration 
of landscapes around the forest; and continue with partnerships in land acquisition 
for the wildlife corridor (Anderson et  al., 2012). The Wildlife Corridor Project, 
conducted by colleagues at the forest, aims to reveal how animals, such as bobcats 
and fishers, move around and use the land. Habitat fragmentation, such as land 
divided by highways, is a major threat (Tucker et al., 2018). The IBA designation, 
the Wildlife Corridor Project, and Conservation Easement status all serve as “clout” 
when proposing policy recommendations.

9.4.2 � Data Collection Using the Soundscape

I am sitting in the forest writing this paragraph and I hear these sounds: ank-ank, 
peter-peter-peter, pee-ah-wee, and tea-kettle-ettle. Therefore, I know that a White-
breasted Nuthatch, a Tufted Titmouse, an Eastern Wood Pewee, and a Carolina 
Wren are nearby. Since it is early August and these birds have been singing in the 
area since April, it is probable that they spent their breeding times in these woods.
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Birders and academics have been birding by ear for a very long time. As a stu-
dent, I began to learn bird songs by listening to A Guide to Bird-song Identification, 
a collection of bird sounds put together by Richard Walton and Robert Lawson. 
Along with their recordings, they offered a study tool which was an alphabetical list 
of phonetic phrases that were assigned to each bird song because they provided a 
memorable phrase that had the same cadence as the bird song. For a completely 
amusing moment, check out Lang Elliot’s recording of the Eastern Towhee (The 
Music of Nature, 2010a) and see if you agree that this bird is saying “Drink your 
tea-hee-hee” and listen to his White-throated Sparrow recording and consider if you 
hear this bird say “Old Sam Peabody, Peabody.” (The Music of Nature, 2010b).

Since students often join me to do bird projects at Black Rock Forest, I wanted 
to create a bird sound tutorial for the BRF website. With a small grant, I was able to 
hire and collaborate with an amazing audio archivist named Martha Fischer from 
the Macaulay Library at Cornell’s Laboratory of Ornithology. Martha accompanied 
me to the forest one spring and brought along an impressive collection of sound 
recording equipment (Fig. 9.7). We set out before dawn to get in position to record 
general habitat soundscapes as well as specific bird songs in the Forest. We went to 
the bird hotspots that I knew of and to the unique habitats that harbored some avian 
specialists. On some occasions when students joined us, it was a challenge to keep 
perfectly quiet during recordings since everyone had the urge to swat at the mosqui-
toes that were landing on us. Keeping our feet completely still on the gravelly paths 
(which make a lot of noise when you move your feet) was also key. The result of this 
effort is the “Listen to the Forest” website (Listen to the Forest, 2021). This resource 
is used as a learning tool for students in my bird ecology classes and summer 
research students, as well as anyone else who wants to practice birding by ear in 
preparation for a walk-in the forest.

Fig. 9.7  The author is shown recording birds at Black Rock Forest
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9.4.3 � Land Protection Is Not the Only Issue We Need 
to Address for Bird Conservation

Climate change, invasive species, and pollution are three additional threats that 
impact the well-being of all biodiversity, not just birds. Plants and animals are inter-
dependent on each other due to their web-like links. Climate influences the timing 
of their natural life cycle events (phenology) like egg-laying, flowering time, and 
leaf fall. Thus climate change is predicted to impact the life cycles of plants and 
animals. Already there is a large and growing body of peer-reviewed research that 
reveals many of these impacts. One of the first studies, a rigorous meta-analysis by 
Terry Root and others (2003), showed that several groups of organisms (inverte-
brates, plants, amphibians, and birds) are carrying out various natural life events 
several days earlier per decade in response to rising global temperatures. Each spe-
cies responds to the changes in climate at a different pace resulting in the uncou-
pling of interactions, such as those between pollinator and plant. For example, a 
plant might flower earlier and its pollinator may not arrive or hatch in time (Snow, 
this volume). This results in an ecological mismatch.

Over the last several years, much attention has been focused on the phenology 
data collected by Aldo Leopold and Henry David Thoreau. Not many people know 
that Thoreau kept careful field journals based on his natural history observations, 
many of which were precise recordings of when the plants near Walden Pond first 
flowered each spring. Ellwood et al. (2013) compared recent first flowering dates in 
Wisconsin and Massachusetts with Leopold’s Wisconsin data from 1935 and 
Thoreau’s Massachusetts flowering time data from 1852. Their analyses revealed 
that, at both locations, plants are flowering earlier now than in the past. This is 
important because of the potential to disrupt ecological interactions.

Plants are responding to climate change not only through changes in flowering 
time. Some plants cannot tolerate the new higher temperatures so they redistribute 
northward, if they can, via seed dispersal and successful establishment. Plants at 
their southern limit are stressed. Tree physiology research by Dr. Angelica Patterson 
at Black Rock Forest (2021) reveals that the various tree species, based on range 
distribution, experience different impacts on their photosynthetic effi-
ciency  (Patterson, 2021). Oaks, the most common tree in the Northeast, are less 
efficient at sequestering carbon which may weaken their ability to compete with 
migrant trees under a warming climate.

Plant migration results in new plant communities in which the interconnected 
insects and birds may or may not be able to tolerate the habitat changes. Audubon’s 
Birds and Climate Change Report (Survival by Degrees, 2021) shows that “birds are 
on the move” as they keep up with shifting and shrinking habitat ranges. This report 
shows that 389 bird species are at risk of extinction. The scientists arrived at their 
conclusions by comparing United Nations estimates of climate change for 2050 and 
2080 with Audubon’s data from Christmas bird counts – based on citizen inputs – 
and spring breeding bird surveys. They created maps of current temperatures and 
associated bird geographical ranges. Then, they created maps with projected 
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temperature changes and modeled how the birds would respond. The models indi-
cate loss of ranges and shifting ranges which set the stage for new species interac-
tions such as competition for limited resources or danger of predation. More recent 
research shows that bird abundance is declining, nearly three billion birds have been 
lost since 1970 and not just rare and threatened species, but also species that are 
common and widespread (Rosenberg et al., 2019). This is mainly due to habitat loss 
as well as climate change. In addition, insects, a very important part of the food 
web, are in decline. Habitat loss, invasive species, climate change, and chemical and 
light pollution are among the threats to insects (Wagner et al., 2021).

9.5 � How Do I Engage and Prepare Students 
for Bird Projects?

In one of my classes at Barnard College called Bird, Plant, and Land-use Dynamics, 
I cover many topics in ecology and environmental science using bird and plant com-
munity ecology as the case studies. The students analyze content like ecosystem 
services, trophic mismatch, and invasion biology through lectures, readings, presen-
tations, and field trips. They also “get trained” in bird identification by sight and by 
ear so that they can join my field projects later in the course to collect data for analy-
sis and presentation. Some move on to a senior thesis in bird conservation. In this 
class, students take a journey themselves. The learning experience spans from 
January to May where they start by learning birds’ names, they draw and color 
them, they memorize and are quizzed on bird songs and they hone their identifica-
tion and surveying skills on winter days by observing the bird forms and behaviors 
in Riverside Park near campus. They read and present papers from the scientific 
literature. Then, the migratory birds arrive and the students are ready. Beginning at 
the end of March the class takes field trips around the region: Central Park, Jamaica 
Bay, The Great Swamp, Black Rock Forest, and Sterling Forest (Fig. 9.8). Here they 
meet the species they have been studying and observe their interactions at each 
habitat. At all sites, we are interested in observing and quantifying the relationship 
between bird diversity and habitat structural complexity. Students collect data on 
birds and vegetation, plot and analyze the findings and write reports. I typically 
bridge my research with the curriculum in my classes by having students assist with 
authentic data collection and/or use previous results as problem sets and case stud-
ies. These data are contributed to long-term databases and can also be used for 
projects by future students. Most years we present at one or more conferences and 
my collaborators are often students.

After discussing, anticipating the onset of, observing, and quantifying spring 
migration for several weeks during the semester, the final class assignment is posted: 
go to the top of the Empire State Building at night to count migrating birds. 
Specifically, go to the 86th-floor observation deck on an evening in late April or early 
May. Select an evening as late in the spring semester as possible, one close to the full 
moon, with a wind from the south or southwest. Be sure it is an evening with good 
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Fig. 9.8  Students on a class trip to Jamaica Bay National Wildlife Refuge in Queens, New York. 
Jamaica Bay is one of New York’s most famous Important Bird Areas

visibility and pick a night when the building’s lighting schedule calls for “white” 
lighting. Arrive just after sunset. Migration will start about one hour after sunset. 
Purpose: to document and count night-flying migratory songbirds as they head to 
their northern breeding grounds after spending the winter in the tropics. With all of 
these conditions required, it is a challenge to organize. However, on a visit one late 
April evening, all of the conditions were optimal. I positioned 9 students and myself 
1050 feet above street level and waited. There was a noticeable breeze from the south 
and the sky was clear. We all faced south looking upward in the direction of lower 
Manhattan along the Hudson River, even the Statue of Liberty could be spotted. At 
8:45 pm the first birds flew over, with 200 in the first 15 min. Then, the pace picked 
up. Heading north and passing just over the peak of the building at 1472 feet, another 
261 birds were counted in a 15-min period. Students estimated that 800–1000 north-
bound migratory birds flew over the building per hour that night when conditions 
were right. The birds cannot be identified under these conditions, just size class can 
be determined, for example, songbird, heron, raptor, etc. During a trip to Sterling 
Forest (40 miles north of the Empire State Building) 2 days later, the class found 
numerous newly arrived migrant birds like Wood Thrush, Prairie Warbler, Scarlet 
Tanager, and Great-crested Flycatcher. These species could possibly have been 
among the flocks that were flying over the Empire State Building.

As the semester closes, if a student was not already a bird conservation sympa-
thizer, they are now. In course evaluations, students report increased awareness and 
tuning in to a more inclusive appreciation of the environment around them through 
bird songs. One student wrote, “The course has taught me to appreciate the birds 
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and trees around me. Sometimes I pay careful attention when I walk outside or 
when I am sitting near my window and I am surprised to find myself listening and 
spotting many of the birds we learned about.” Another wrote, “I have found a new 
appreciation of birds. I’ve found myself going more often to Riverside Park and try-
ing to test my knowledge and notice the wildlife around me in ways I didn’t before. 
These are skills I want to continue to develop.” A third said, “I had no experience 
with and very little prior interest in (birds) and it turned into one of my major pas-
sions.” The students finish the course knowing the answers to these questions: What 
could birds possibly do for us? What can – and should – we do for birds? And I 
believe they will move on to their own various careers and somehow share what 
they learned in this class. Mission accomplished.
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Chapter 10
Going Up: Incorporating the Local 
Ecology of New York City Green Roof 
Infrastructure into Biology Laboratory 
Courses

Matthew E. Rhodes, Krista L. McGuire, Katherine L. Shek, 
and Tejashree S. Gopal

10.1 � Introduction

We will be sampling soil from green roofs from around NYC. Yes, we will be going up on 
roofs in January. Come to class on the 19th prepared to spend a considerable amount [of 
time] outside in cold, windy conditions. Dress warm!!!! This is mandatory except if you 
have a medical or other excused absence. (Correspondence between Dr. Matthew Rhodes 
and the Barnard Lab in Molecular Biology Class, January 5th, 2017)

With that email, I was committed. For the Spring 2017 semester, the Barnard molec-
ular biology lab course would conduct a project lab investigating the microbial com-
munities underlying New York City green roofs. The work was a continuation of 
another Barnard project lab conducted by Dr. Krista McGuire a few years earlier 
surveying the microbial communities inhabiting different types of green infrastruc-
ture around New York City. By necessity, soil samples had to be acquired the first 
week of class, in late January, in New York City, atop a roof, along the Hudson 
River. What if it snowed? What if it was 10 °F? What if there were 60 MPH winds? 
I said a quick prayer, began checking the weather incessantly, and barring actual 
physical danger to the students, committed the class to a field day.
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As it turned out, January 19, 2017, was an unseasonably warm, 50 °F and sunny 
day. Thank luck. Thank global warming, climate change, and the urban heat island 
effect. Fifteen Barnard and Columbia students sampled soils from the roofs of the 
US Postal Service Morgan Processing and Distribution Center and the Jacob Javits 
Convention Center. Despite the relatively mild conditions, by 4 PM, students were 
huddling for warmth. Had it been ten degrees colder, there would have been a mutiny; 
twenty and I would have been teaching a course to approximately two students. Dr. 
McGuire, in her wisdom, had scheduled her project lab for the fall semester, thereby 
necessitating field excursions in early September as opposed to mid-January.

Why then was I standing atop a roof in January with fifteen students, carrying 
three down jackets in my backpack? Why did I gamble on a winter field excursion? 
What goal did I hope this would achieve? For both of our project labs, we intended 
to expose the students to real-world ecological challenges threatening the sustain-
ability of modern cities, efforts at both mitigation and sustainable design practices, 
and novel and cutting-edge ecological research. We hoped that this exposure to 
sustainable, responsible, and equitable urban development would motivate the stu-
dents to lifetimes of climate justice awareness or even advocacy and inspire them to 
explore sustainability-related research endeavors. Inherent within our chosen proj-
ects were first-hand exposure for the students to climate exacerbated inequities, 
such as combined sewage overflow, and active attempts at remediation via green 
infrastructure. In turn, we intended for our students to gain a deeper understanding 
of these ecological challenges in the city in which they lived and achieve a more 
personal connection to their laboratory research projects.

This gamble and these hopes seemed to pay dividends as Tejashree (Teja) 
S. Gopal, a student in the Spring 2017 Molecular Biology Laboratory, later reflected:

I must admit, when Dr. Rhodes first announced that we were taking a field trip to gather soil 
samples for our class, I was a little apprehensive. As a neuroscience major, my knowledge 
of plants and soil biodiversity was limited to what I had learned freshman year in 
Introduction to Biology. However, I was intrigued by the research nature of the course and 
was eager to see how we were going to develop the project. We met the first day of class in 
our classroom but soon were whisked away from campus to collect soil samples from two 
green roofs in New York City.

The successful field excursion provided a memorable introduction to the course, 
even for students with vastly divergent backgrounds. The uncertainty and novelty of 
the research project nature of the course promoted student buy-in that persisted 
throughout the semester.

10.2 � Background

10.2.1 � The Problem with Cities

For better or worse, our planet’s urbanization seems destined to continue unabated 
in the coming decades (United Nations DESA/Population Division, 2017). Cities 
certainly provide many advantages to a global population numbering over seven 
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billion, such as the energy efficiency of mass transit systems and their concentration 
of human population densities, leaving more land for other species and purposes. 
However, current urban practices are also at the root of many of the most egregious 
socioeconomic and environmental catastrophes facing the planet. Many Barnard 
students, residing and studying near Harlem, New York, are all too aware of these 
issues that they regularly encounter, despite living in one of the preeminent cities in 
a highly developed country.

Every time a Barnard student encounters people who are homeless mere blocks 
from campus, they face the abject poverty and income inequality faced by many 
New York City residents. Every time it rains heavily and streets and subway stations 
flood with storm water contaminated by raw sewage, they face the inadequacy of the 
New York City sewer system. Every time an uncomfortable 95 °F day amplifies to 
a sweltering 105 °F by seas of dark asphalt, they encounter the worsening realities 
of global climate change and the urban heat island effect. These are but a few prob-
lems facing New York City and virtually all other major metropolitan areas (Wu, 
2014). The poorer the city, or even the poorer the neighborhood, the more pro-
nounced these issues become.

10.2.2 � Green Infrastructure to the Rescue

Green infrastructure installations, or areas designed to contain vegetation, have 
been implemented across urban environments to alleviate some of the ecological 
challenges caused by human development. Cities are now investing in large-scale 
green infrastructure projects such as urban parks, roadside plantings known as bio-
swales, and green roofs.

In the quintessential concrete jungle, impermeable urban substrates like conven-
tional roofs, roads and sidewalks, and parking facilities absorb little precipitation. 
Instead, nearly the entirety of rainfall rapidly funnels to urban sewer systems where 
it mixes with raw sewage. Thus, during periods of heavy rain, especially in low and 
poorly drained areas, the sewer system can rapidly become overwhelmed (Fig. 10.1). 
In these “combined sewer overflow events,” a combination of storm water and raw 
sewage is dispelled into surrounding streets and waterways.

The soils and growing media comprising green infrastructure have far greater 
water holding capacity than traditional, impermeable urban surfaces such as asphalt 
and concrete (Carter & Jackson, 2007). During heavy rainfall, more water is retained 
in the green infrastructure soils and subsequently returned to the atmosphere via 
plant transpiration, reducing runoff and the likelihood of costly and dangerous com-
bined sewer overflow episodes (Carter & Jackson, 2007). For this reason, green 
infrastructure figured prominently in New York City Mayor Michael Bloomberg’s 
forward-thinking sustainability plan for the future of New York, PlaNYC (Mayor’s 
Office of Recovery & Resiliency, 2017). More specifically, PlaNYC presented an 
effort to prepare New York City for future population increases and climate change, 
focusing on improved housing, energy efficiency, water infrastructure, and air 
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Fig. 10.1  Combined sewage system functioning under dry conditions (left panel) and wet condi-
tions (right panel). The addition of storm drainage combines with raw sewage and overwhelms 
existing infrastructure causing raw sewage to bypass the Publicly Owned Treatment Works 
(POTW) and discharge directly into waterways. (Reproduced from the United States Environmental 
Protection Agency, Report to Congress: Impacts and Control of CSOs and SSOs 2004 (US 
EPA, 2004))

quality, amongst other aims. In addition to combatting sewage overflow, green roofs 
can help contribute to virtually all of these PlaNYC objectives.

Another key benefit of green infrastructure is reducing the urban heat island 
effect. Much of a city’s surface, such as asphalt roads and shingles, are dark 
radiation-absorbing surfaces. These surfaces capture far more solar radiation than 
rural and suburban areas. On a typical summer evening, cities like New York City 
can be upwards of ten degrees warmer than surrounding suburbs (Solecki et  al., 
2005; US EPA, 2017). Green roofs absorb significantly less heat than traditional 
building materials. This feature combines with the natural evapotranspiration of 
plants, whereby plants utilize solar energy to raise and evaporate water, greatly 
reducing the heat transmitted to the underlying building. Estimates suggest that 
green roofs placed upon buildings, such as the one atop the Jacob Javits Convention 
Center have the potential to save New York City upwards of a net 16 million dollars 
annually (Akbari & Konopacki, 2005) in reduced cooling costs as well as reducing 
carbon emissions required to generate the electricity used for cooling.

10.2.3 � Green Infrastructure Around New York City

Various green infrastructure installations are spread throughout the New York City 
area, each with a particular ecology and environmental challenges (McGuire et al., 
2013). Roadside bioswales offer narrow, fragmented, and often disturbed sanctuaries 
of various trees and flowering plants. In contrast, urban parks such as Central Park or 
Riverside Park offer some of the few contiguous vegetated areas in New York City. 
Green roofs such as the one atop the Javits Center must contend with relatively high 
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winds as well as significant direct sunlight, exposing the plants and soils to tempera-
ture spikes and high levels of solar radiation (Takebayashi & Moriyama, 2007).

Like most green roofs in the US, the Morgan Center and Javits Center green 
roofs incorporate plants from the genus Sedum. Though not native to the New York 
City environment, succulent Sedum spp. have proven highly resilient to the seasonal 
temperature fluctuations, daily temperature fluctuations, irregular rainfall, and high 
winds present atop northeastern United States rooftops (Monterusso et al., 2005). A 
select few New York City green roofs utilize native species, and they offer similar 
levels of water retention and temperature reduction compared to Sedum spp. green 
roofs (Lundholm et  al., 2010). However, an additional benefit of native species 
green roofs is that they can offer valuable repositories of plant and microbial biodi-
versity and provide forage and habitats for wildlife, including insects and birds.

10.2.4 � Don’t Forget the Microbes

Naturally, as both of the professors teaching these courses were trained as environ-
mental microbiologists, both the Microbiology Laboratory course and the Molecular 
Biology Laboratory course placed a significant emphasis on microorganisms, an 
often undervalued component of every ecosystem. Microorganisms comprise more 
biomass on this planet than all animal life combined (Whitman et al., 1998) and 
figure prominently in virtually every planetary chemical cycle (Falkowski et  al., 
2008). The sustainability and continuing effectiveness of the performance of green 
infrastructure ties intimately to the quality of the underlying soils and growing 
media (McGuire et al., 2013), which affects and is affected by the health of the plant 
and microbial ecosystems.

Soil and growing media quality are a complex interaction of biotic and abiotic 
processes. One pivotal component of soil and growing media is the soil microbiome. 
Microbes, including fungi and bacteria, play various roles in belowground ecology, 
including decomposition, nutrient cycling, and water cycling. In the case of green 
roofs, for example, low-quality growing media will detrimentally affect plant health, 
thereby reducing the water carrying and temperature reducing capacity of the green 
roof, two of the critical purposes of green roofs. Therefore, a better understanding of 
the factors that shape green infrastructure soil microbial communities is imperative 
for optimizing the long-term effectiveness of green infrastructure.

10.3 � Course Descriptions

10.3.1 � Microbiology Project Laboratory (Fall 2013)

In 2013 a project laboratory was designed by Dr. McGuire for students enrolled in 
Microbiology Laboratory (BC3321) to evaluate microbial communities in green 
infrastructure across New York City. A total of 15 students enrolled in the course. 
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The purpose of the project lab was to provide students with training in traditional 
and cutting-edge microbiological techniques in conjunction with direct field experi-
ence sampling soils and growing media from parks, green roofs, and tree pits. The 
course syllabus included 3 weeks of field sampling and additional sampling by the 
teaching assistant (TA; Seren Gedallovich, Barnard class of 2013) and student vol-
unteers. The students and the TA sampled 15 green roofs, six parks, and 16 tree pits. 
The park samples were taken from forest sites, suburban parks, and urban parks to 
traverse an urban to rural gradient. Using these samples, students were trained in 
sterile sieving techniques, culturing, microbial biomass assays, mycorrhizal fungal 
quantifications, DNA extractions, amplifications of microbial DNA (PCR), and data 
analysis.

The ultimate goal of the class project was to produce a manuscript-style publica-
tion assessing the biogeography of microbial communities in green infrastructure 
across NYC and across the urban to rural gradient. Each student chose a subset of 
the work within this larger project framework to address their own research ques-
tions for their final project. For example, one student was interested in whether or 
not microbial biomass shifted across the urban to rural gradient, and another student 
was interested in quantifying human pathogens across different green infrastructure 
types. A collaborative effort of Columbia and Barnard students chose to explore the 
impact of nitrogen deposition from dog urine on the soil microbiome of roadside 
green infrastructure. This in-class project evolved into a senior thesis and then a co-
first author publication for these students (Lee et al., 2019). The course’s final ses-
sion was a conference-style day of presentations in which each student made a 
poster highlighting their research projects, data analyses, and results.

Since students did not complete the processing of all the samples necessary for 
the final publication, a postdoc from the McGuire lab, an undergraduate researcher 
from the Microbiology project lab who enrolled in research for credit (Adam Abin), 
and an additional undergraduate thesis student, finished the remaining analyses 
(Gill et al., 2020). In the process, they added additional samples to the overarching 
project, which included road medians and bioswales.

10.3.2 � Molecular Biology Project Laboratory (Spring 2017)

Building on Dr. McGuire’s 2013 Microbiology Laboratory course results, together 
we decided that for the Spring 2017 Molecular Biology Laboratory course, the class 
would focus exclusively on New  York City green roofs. In particular, the class 
would seek to compare the microbial communities underlying Sedum spp. Versus 
native green roofs and test their response to typical levels of heat stress found atop 
a New York City roof in the summer. Thus, on January 19th, the class sampled soils 
from the Morgan Center and Javits Center Sedum spp. roofs.
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The course TA, Katherine (Kaye) Shek (Barnard class of 2015), sampled the 
Jackie Robinson, Hansborough, and Chelsea recreation center roofs the same week. 
The recreation center roofs were all comprised of native rather than Sedum species. 
Together, the class and Kaye collected almost 200 soil samples. The soil samples 
were then processed according to the protocols of the Earth Microbiome Project 
that standardize the characterization of environmental microbial communities 
(Caporaso et al., 2011, 2012).

We began the semester with a fully developed syllabus and plan that rapidly 
needed adjustment due to equipment malfunctions or experimental failures. Built-in 
flexibility was a must. Looking back upon the course organization, Teja described 
her experiences:

As the class progressed, Dr. Rhodes introduced us to the molecular biology techniques that 
we would be using to look at the diversity of the soil samples we had collected. The syllabus 
Dr. Rhodes distributed the first day of class had a clear plan of the semester, detailing which 
experiments we would be conducting each week. However, as with any research project, 
things did not go according to plan. When one experiment failed, Dr. Rhodes was required 
to come up with a new plan for the following week’s class, and thus began the semester’s 
journey, shaped by our work. I found the flexibility of the project refreshing, given that 
many other classes in college are meticulously planned out. Something about the explor-
atory nature of this project fostered such a wonderful class dynamic, where we all, includ-
ing Dr. Rhodes and our TA, Kaye, worked together to collectively reach our goal.

Thus, overcoming obstacles that often occur during scientific investigations added 
elements of stress and authenticity to the semester.

For a final project, the students utilized the QIIME (Quantitative Insights into 
Microbial Ecology) bioinformatics platform to analyze the DNA sequences 
(Caporaso et al., 2010). Each group of four students worked with only 1/200th of 
the data set to facilitate data analysis and reduce the time and computer resources 
required. With modern DNA sequencing technology, this reduced data set still com-
prised hundreds of thousands of DNA sequences. During the last day of class, as the 
QIIME analysis revealed results that confirmed and contradicted our original 
hypotheses, numerous students expressed feelings of accomplishment and satisfac-
tion. On a side note, it is one of our favorite teaching endeavors to introduce stu-
dents to the powers of computing beyond Microsoft Word and the graphical user 
interface. To the uninitiated, even limited computing expertise comes across as 
“magic.” Eliminating the mental roadblocks that many students place between 
themselves and their computer is inevitably a rewarding experience.

Another distinct advantage of the project lab format, as noted below by student 
and TA, Kaye Shek, is that the entire semester was dedicated to furthering a single 
objective. This single objective enabled students to place their efforts in a broader 
context and to observe firsthand how the techniques that they were mastering could 
be utilized to answer questions and obtain both informative and potentially action-
able results.
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10.4 � Course Results

10.4.1 � Microbiology Course Results

Results from the 2013 project lab can be briefly summarized by three main conclu-
sions: (1) both fungal and bacterial communities vary predictably across different 
types of green infrastructure (green roofs, parks, bioswales, etc.) and across geo-
graphic location, (2) microbial communities are more abundant and diverse in non-
urban soils, and (3) increased N deposition from sources such as canine urine are 
detrimental to microbial biomass and diversity (Lee et al., 2019). Think about the 
important functions of green infrastructure the next time you see someone’s dog 
urinating on them.

Despite the harshness of the urban environment, the comparatively small size 
of green roofs, and the inherent spatial isolation of urban green infrastructure, 
considerable microbial diversity was uncovered in all types of infrastructure. 
Green roofs, in particular, had high levels of bacterial diversity and, in some cases, 
had greater numbers of taxa than ground-level infrastructure. Interestingly, micro-
bial communities from engineered bioswales had a greater diversity of both fun-
gal and bacterial communities compared to other types of ground-level 
infrastructure, possibly due to increased resource inputs in the form of storm 
water. In bioswales, storm water is intentionally directed into the engineered 
installation, which brings a plethora of resources to feed microbes. By contrast, 
parks, tree pits, and green roofs primarily receive rainwater and less street-side 
runoff (and no runoff in the case of green roofs).

10.4.2 � Molecular Biology Course Results

The results of the QIIME analyses proved to be both informative and unexpected. 
The class first looked at the overall species diversity (how many species of microbes 
were present) in the different green roofs. Our initial hypothesis was that the two 
Sedum spp. green roofs would display lower levels of diversity when compared to 
the native species green roofs due to the homogeneous nature of the overlying plant 
life. We also hypothesized that heat stress, experimentally imparted by heating soil 
samples prior to microbial analysis, would reduce the microbial diversity of the 
respective roofs.

Our analysis did show the native species green roofs to have more species diver-
sity than the Javits Center Sedum spp. green roof shown in Fig. 10.2. However, the 
Morgan Center Sedum spp. green roof shown in Fig. 10.3 appeared to be more akin 
to the native green roofs than to the Javits Center green roof. The cause for this is 
unclear. However, students noted an increased level of plant species that were grow-
ing spontaneously on the roof in addition to deliberately planted vegetation atop the 
Morgan Center green roof. They also noted a shallower soil depth in the Javits 
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Fig. 10.2  The Jacob Javits Convention Center Sedum sp. green roof

Fig. 10.3  United States Postal Service Morgan Center Processing Plant Sedum sp. green roof 
showing considerable contamination of non-Sedum grasses
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Center green roof compared to the other four roofs. Both observations suggest a 
reduction in available microbial habitats in the Javits Center roof in comparison to 
the other four roofs.

The overall level of microbial diversity does not necessarily indicate how alike 
two different communities are. Two communities may have similar levels of micro-
bial diversity but be comprised of entirely different assemblages with highly distinct 
ecological functions. We hypothesized that the Javits Center and Morgan Center 
roofs would appear similar and that the three native roofs would map together. Once 
again, unexpectedly, the Javits Center green roof appeared distinct from the other 
four roofs, with the Morgan Center roof demonstrating similar species composition 
to the native green roofs. A fuller investigation of 32 New York City green roofs did 
show distinct differences between those with Sedum spp. versus native consortia 
(Hoch et al., 2019).

10.5 � Reflections on an Ecological Project Lab

10.5.1 � From the Professors

There is always the element of the unknown and the unknowable with any novel 
laboratory experiment. Will the experiment work? Will the results be meaningful? 
If not, was it due to a faulty hypothesis, a faulty setup, or human error? It is a com-
mon source of anxiety for any researcher from undergraduate through the tenured 
professor. When career and course outcomes are thrown into the mix, they only 
compound the anxiety. Contingency plans can be made, but they are just that, 
contingency.

Teaching a project lab for the first time was a humbling and a learning experi-
ence. From the outset, there were difficult questions to be addressed. Where was the 
budget going to come from? The Javits Center graciously donated the funds to sup-
port the class project and additional green roof research. What was the overarching 
goal? A class authored Nature paper would be nice but would anything that enhanced 
the learning environment be enough to justify the increased cost and stress?

These, in turn, raised additional questions. Principally, how ambitious could we 
make the project design? For the molecular biology course, we opted for five roof-
tops, three native and two Sedum spp., which seemed like a reasonable amount of 
work for the students (and the professor along with the course TA) to accomplish. 
Those also were the roofs that we were able to gain access to. Although five roofs 
would not be sufficient to publish a peer-reviewed research publication, we wanted 
the results to be informative for larger forthcoming green roof projects. As stated 
above, the course design would also enhance the students’ learning experience. 
Ultimately, both hopes became a reality.

With that perspective, we would consider the Barnard Molecular Biology Green 
Roof Project Lab an unmitigated success. We obtained both unexpected and 
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informative results. Many students openly expressed appreciation for venturing 
beyond the traditional laboratory experience of predetermined experiments and out-
comes. Despite the chill, the students overwhelmingly appreciated the field excur-
sion. It was a fantastic tone-setting experience for the semester and provided the 
class with a close-up view of the latest attempts to combat urban ecological prob-
lems. Students also expressed satisfaction with the knowledge that they were con-
ducting research that had never been done.

Nevertheless, perhaps we were still overly ambitious. In retrospect, a project lab 
would be a more guaranteed success if it was not an independent research project in 
and of itself but rather an offshoot of ongoing work already well underway in the 
lab. Other students, researchers, and technicians dedicated to the project could help 
eliminate many of the risks and stressors associated with running a project lab. 
Preliminary data, well-established in-house protocols, and having additional hands 
on deck could facilitate the project and aid with contingency plans. As assistant and 
visiting professors respectively at the time, we had significant hurdles to overcome 
in attempting to conduct a successful project lab. For an adjunct, the barriers would 
be nearly insurmountable. It is yet another example of the disservice done to stu-
dents by the academic world’s increasing reliance on a revolving door of adjunct 
faculty.

Not surprisingly, a few of the class experiments failed outright, such as our 
attempt at a gel extraction. Given the time constraints of the course, these experi-
ments could not be repeated. Others worked sufficiently to demonstrate the concept 
but insufficiently to obtain meaningful results, such as our attempt at constructing a 
library of DNA clone sequences to correspond to a representative population of 
arbuscular mycorrhizal fungi sampled across all roofs. A silver lining is that some 
students, Teja included, actually expressed appreciation for being exposed to the 
frustrations associated with novel scientific research. But enough of the experiments 
worked sufficiently well to provide meaningful results to analyze later. Any suc-
cessful outcome for the course would have been impossible without the tireless 
efforts of the course TA, Kaye Shek, whose perspective both as an undergraduate 
student involved in green roof research and as a TA for the course is provided below. 
Kaye worked tirelessly with the students and behind the scenes to ensure that sam-
ples were processed and ready for class.

Since conducting their respective project labs in the Fall 2013 and Spring 2017 
semesters Dr. McGuire and Dr. Rhodes have moved on to different institutions. Dr. 
McGuire is now an Associate Professor at the University of Oregon. Having the 
resources of a high throughput lab at a Research 1 university has facilitated Dr. 
McGuire in incorporating elements of a project lab in guiding undergraduate 
research projects in her lab, often mentored by graduate students. She continues to 
engage undergraduates in fieldwork, including green infrastructure research in 
Portland and Eugene, OR, and has also taken several students to Malaysia, Puerto 
Rico, and Panama. Dr. Rhodes is now an Assistant Professor at the College of 
Charleston. Dr. Rhodes teaches multiple microbiology laboratory sections per 
semester with more of a medical emphasis at a very large (10,000 undergraduates) 
liberal arts college. These responsibilities have precluded the incorporation of 
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project lab elements into the microbiology laboratory curriculum. However, faculty 
at the College of Charleston who teach the molecular biology laboratories often 
structure the lab as a project lab by attempting to isolate and characterize novel virus 
strains. The anticipated reintroduction of an upper-level environmental microbiol-
ogy course to the College of Charleston’s curriculum could once again offer the 
opportunity to design a project lab course emphasizing the potential impacts of 
environmental microbiology research to global sustainability and equity.

10.5.2 � From a Student

Tejashree Gopal, Barnard class of 2018, was enrolled in the Molecular Biology 
Laboratory in Spring 2017.

Looking back on the class, I think I most appreciate how I grew as a scientific 
writer. Being assigned to write about something that I had so little prior knowledge 
of was a truly eye-opening experience, not only to the topic of biodiversity itself but 
also to the fundamental process of writing a research paper. In many of my other 
classes, I have been asked to write research papers but have often been able to rely 
on my knowledge of the subject. When writing this research paper, I was, for the 
first time, challenged to learn everything that I could about the urban heat island 
effect, climate change, heat shock proteins, soil biodiversity, and many other related 
topics that I would never have had the opportunity to learn about were it not for 
this class.

I must admit that I struggled a lot along the way. The first writing assignment we 
had – to write an introduction for the first set of experiments we conducted – was 
one of the most challenging tasks I have confronted in my time at Barnard. I floun-
dered, unsure of where I should even start. But as the class went on, I learned more 
effective techniques to find sources, extract information from dense publications, 
and write in a concise manner. Soon, I was writing papers of which I was tremen-
dously proud.

As I started to write my thesis for my senior year at Barnard, I was incredibly 
grateful for the skills that I learned in this class. I felt extremely privileged to have 
had the experience of carrying out a research project from the initial stage of collect-
ing samples to the final product of a published research paper, illustrating the 
research project from start to finish.

10.5.3 � From Both Sides of the Table

Katherine (Kaye) Shek, Barnard class of 2015, was an undergraduate research stu-
dent in the McGuire lab, and Teaching Assistant (TA) for the Molecular Biology 
Laboratory in Spring 2017.
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As an undergrad, I took as many laboratory courses as I could. I wanted to under-
stand my interests and strengths better, and what that meant for my career trajectory 
(or even to help me understand what to do after graduating). As most young scien-
tists do, I thought about my future goals in the context of global issues: find a cure 
for cancer, stop global warming, feed the hungry – make a difference. It’s this drive 
to make a difference that I believe boosts many young students into STEM fields 
and is important to consider when planning and designing undergraduate courses. 
This reason, among many, is why I consider the project-based laboratory courses in 
Molecular Biology and Microbiology at Barnard invaluable experiences to not only 
my personal growth as a scientist but also to my undergraduate peers and the stu-
dents I worked with as a teaching assistant.

The immersive nature of a project lab course gives students an opportunity to 
make a real contribution to original research. This value was tangible in the 
Molecular Lab classroom: students were more confident to ask questions through-
out every lab technique we covered to better place each activity and its purpose into 
the big picture. There was excitement and pride amongst classmates as we obtained 
results, and genuine curiosity and interest when certain procedures failed. As a TA, 
it was rewarding to have a classroom full of engaged students and it felt realistic to 
teach the methods and techniques through troubleshooting failures and celebrating 
successes. As a student in the course, I felt like I was making a useful contribution 
not only to the actual research project, but also to my own personal skills and expe-
riences to build upon outside of class. (Frankly, as a student, the project lab felt both 
like a learning experience and a “resume builder,” as I suddenly had many addi-
tional molecular biology methods that I could include on my CV. This was espe-
cially comforting as a soon-to-be college graduate with no plan. However, it was the 
learning experience that has paid off with more meaning in my life and nascent 
career.) Simply put, when compared to the more classical upper-level Biology lab 
course design, the project-based courses challenge students in a more fulfilling and 
realistic way.

In general, the ‘classical’ lab course syllabi include individual mini-experiments 
each week to focus on a particular organism or technique, not to be revisited until 
the final exam or an independent project at the end of the term. As a student in 
these courses, I enjoyed the opportunity to flex my creative muscles and design 
my own hypotheses to test in an independent project; however, as a TA in one of 
these lab courses, an issue with this particular design became apparent. By the 
time the final 2  weeks of the term rolled around and students were starting to 
design their independent experiments, nearly every student wanted to ask research 
questions that would take a full dissertation (and a hefty grant) to work towards an 
answer. Once their research questions narrowed down to a feasible degree, apply-
ing the methods they learned throughout the term outside of the context of the 
mini-experiments was a challenge to most students. I found myself running 
around to each student, helping them envision the methodological basis behind 
various techniques we had covered in depth earlier in the term. In contrast, the 
project laboratory allows students to answer broader research questions similar in 
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scope and creativity to those they originally asked, spread out over a whole term, 
and learn new techniques along the way.

Obviously, choosing a general course design for effective teaching in Biology 
varies on a case-by-case basis: the ability to incorporate original research into a 
course depends entirely on the subject matter. In molecular biology, cell biology, or 
microbiology for instance, for the aforementioned reasons, I believe a project lab is 
an excellent means by which a young scientist can immerse themselves in learning 
new material that is otherwise challenging to grasp and retain, while simultaneously 
practicing the scientific method in a realistic context. Saying goodbye to the stu-
dents walking out of the classroom on the last day with more than just a letter grade 
on their transcripts – specifically, with the ability to think and write like a scientist - 
was proof enough to me that the project lab environment leads to more meaningful 
and educational success.

10.6 � Would We Do This Again? (Concluding Remarks)

Whether communicating basic scientific research to funding agencies, students, 
or the general public, one recurring challenge is placing the research into a broader 
and socially relevant context. The more esoteric and removed from a direct impact 
the research is, the more difficult this challenge can become. One advantage of 
designing both labs as project labs was that all laboratory exercises, from sample 
collection, to laboratory manipulations, through data analysis were all focused on 
a single theme. In this manner, students were given a more direct and comprehen-
sive window into the broader scientific process and its potential impacts on soci-
ety. In both the Microbiology Laboratory and Molecular Biology Laboratory 
courses, students observed how green infrastructure is attempting to solve global 
problems and societal inequities. As a whole, the final papers for both classes 
demonstrated a thorough understanding of the methodologies employed, the 
results obtained, and the background context motivating the project. For Teja in 
particular, “by the final writing assignment, [she] was impressed with [her] own 
ability to research completely new topics, gather information from a variety of 
sources, and reflect on how it related to the data we had collected in class.” 
Furthermore, individuals from both courses could see the work to fruition and 
provide suggested steps toward improving the diversity, sustainability, and micro-
bial health of green infrastructure.

There were successes, and there were failures. Progress was incremental. Let’s 
face it; we were not going to solve the inequities, injustices, and dangers associated 
with global climate change in a semester. However, by sampling in the field, by 
processing those samples, by collecting data, by analyzing the data, and by writing 
up the results, students could experience first-hand the scientific process from start 
to finish. The site visits and field sampling provided a unique and memorable 
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experience to illustrate the scientific questions and societal challenges we attempted 
to address. The data analysis and write-up provided an opportunity for students to 
measure progress and forced them to place their research in a broader context 
once again.

For us, the overwhelming sentiments of pride and accomplishment in completing 
an authentic research project, combined with a tinge of frustration at the end of the 
semester, signaled a successful project lab experience. The most significant impact 
for our students was that they have now participated in the non-linear march of sci-
entific progress and its desired beneficial impact on society. To some who want to 
contribute to social justice causes, the uncertainty of basic scientific research may 
push them toward or solidify their desire for a career in medicine or other similar 
fields. Nevertheless, exposure to project-driven sustainability-related research dur-
ing their college experience may contribute to a greater appreciation for basic 
research and help shape the finer details of their careers. But to others, experiences 
with authentic research may transform vague inspiration into the specific abilities 
and confidence required to support and motivate them to pursue a Ph.D. and a career 
in the basic sciences. We see both results in the students who have contributed to 
this chapter. The experiences as a TA for the 2017 molecular biology project lab 
solidified Kaye Shek’s aspirations toward a Ph.D. and a career in environmental 
microbiology research. She is now completing her 5th year as a Ph.D. student with 
Dr. McGuire at the University of Oregon, investigating how variation in soil man-
agement practices alters vineyard microbiome structure and function. Meanwhile, 
for Tejashree Gopal, her experiences as a student in the 2017 molecular biology 
project lab contributing to basic research from project conception through publica-
tion have stuck with her into medical school.

The question then is not “would we do this again?” But instead, “when will we 
do this again?” Connecting molecular biology and microbiology laboratory tech-
niques that are generally conducted in a laboratory with larger ecological and envi-
ronmental principles, helps to focus the class on a broader purpose. Projects that 
give students direct exposure to sustainability concerns and allow them to directly 
observe the intended impacts of research enhance the authenticity of the experience.

Unfortunately, not every research project is an appropriate medium for a project 
lab. Not every course or institution is the appropriate venue. Nor will every topic 
have a strong undercurrent of sustainability or social justice. Often the questions 
addressed in the pursuit of scientific knowledge are on the esoteric side or have 
limited immediate applicability. Our chosen course topics on green infrastructure 
incorporated sufficient aspects of eco-justice, relevance, authenticity, and impact to 
be inclusive and spark the interest of the vast majority of our students. There are 
certainly numerous areas of scientific research that could serve this purpose to a 
similar extent, if not even more so. In that vein, when we have subsequently been 
called upon or will be called upon to teach biology laboratory courses in the future, 
we do so with the project lab structure in the back of our minds.
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Chapter 11
It Turned into a Bioblitz: Urban Data 
Collection for Building Scientific Literacy 
and Environmental Connection

Kelly L. O’Donnell and Lisa A. Brundage

11.1 � The Macaulay Honors College

There is a question we like to pose at the start of our science pedagogy workshops, 
and it’s one you can answer while you are reading this. Think for a minute about 
your favorite moment in learning science. Where was it? How old were you? Was it 
in school? Were you with others or alone? What was the root of your joy in 
that moment?

When we ask this question, we find – overwhelmingly – that the experiences 
many participants note happened early in life, sometimes in a classroom but just as 
often, outside of one. Even though many of the workshop participants are scientists, 
they seldom select a moment from high school or undergraduate courses. The 
annual Macaulay Honors College BioBlitz, an essential component of our honors 
curriculum, is an attempt to bring that spark, that frisson of excitement, to nearly 
500 students a year by immersing them in a massive data collection event and 
research experience that connects them to the ecology of New York City in a way 
that few students and citizens ever experience. Part of Macaulay and CUNY’s mis-
sion is to use the city as a classroom and laboratory, including both its institutions 
and the wide variety of habitats across the five boroughs, from bits of old-growth 
forests, to wetlands, to grasslands and more.

The City University of New York is the largest public urban university in the 
United States, serving about a quarter million matriculated undergraduates (and 
close to another quarter million in graduate, professional, and continuing education 
programs) (CUNY Office of Institutional Research, 2019; CUNY, 2021). It has 25 
campuses across New York City’s five boroughs. The Honors College was founded 
in 2001 (and became Macaulay Honors College in 2006) as a highly selective 
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program to serve exceptional undergraduates at CUNY. We currently admit approx-
imately 520 students annually, all of whom co-matriculate at Macaulay and one of 
our eight consortial CUNY campuses (Baruch College, Brooklyn College, The City 
College of New York, Hunter College, John Jay College, Lehman College, Queens 
College, and the College of Staten Island). Macaulay serves a diverse student body 
whose students are primarily drawn from the New York City metro area, including 
many graduates of NYC’s public high schools. Many years, over half are bilingual 
and a large number of students are immigrants, children of immigrants, and/or the 
first in their family to attend college. Despite this, Macaulay is still not representa-
tive of the overall student body at CUNY, and consistently seeks ways to address 
this discrepancy. We recently began accepting our first transfer students, an oppor-
tunity available exclusively to associate degree students already within the CUNY 
system. Macaulay students who are New  York State residents receive a tuition 
scholarship, and all students receive a laptop, dedicated advisors, access to funding 
for unpaid internships or study abroad, and, of course, the opportunity to participate 
in our seminars and learning events. In 2021, we also launched the Justice and 
Equity Honors Network with Barrett, The Honors College at Arizona State 
University. The program engages students in online discussion sessions pertaining 
to current events and justice, including climate and environmental justice. Because 
of its consortial model, Macaulay faces some distinctive structural challenges that 
also speak to one of the core tenets of our mission: to provide the benefits of a small, 
liberal arts education combined with the resources and opportunities of a large 
research university.

Because of our distributed model, we need to create opportunities for Macaulay 
students from all eight campuses to form bonds with one another and develop their 
identities as Macaulay students. To that end, all of our students take the same 
sequence of core honors seminars in their first 2 years of study, starting with the Arts 
in New York City, and then continuing to the People of New York City, Science 
Forward, and Shaping the Future of New York City. All of our seminars (capped at 
20 – a rarity at CUNY) are focused on critical thinking in the context of lived expe-
rience, and the vast resources and challenges that New York City offers. Taught 
mostly by faculty on the home campuses, these core courses form a common experi-
ence for our students and allow them to be trained in critical thinking in a variety of 
disciplines.

In addition to the curriculum, Macaulay develops “common event” programs for 
each of the seminars, giving students across our eight campuses a chance to come 
together for memorable experiential learning activities that augment both their aca-
demic and social development at Macaulay. As students begin their time at Macaulay 
in the Arts in New York City, they participate in Night at the Museum, during which 
they have dedicated access to the Brooklyn Museum for one evening. Prior to 
attending, they also participate in workshops to help them develop skills in doing 
close readings of, and having conversations about, works of art. Even though the 
majority of our students reside in New York City, many are not routine museum-
goers, and Night at the Museum gives them skills and confidence to engage with 
museums and art in a personally meaningful way. After Night at the Museum, 
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students typically craft reflections on their time there, using photographs, film snip-
pets, and sometimes audio recordings of conversations that they had at the museum 
to create projects about their experience. They also continue to visit art institutions 
and performances throughout their seminar.1 Surveys of our senior students show 
that many of them, from numerous majors, consider Night at the Museum a positive 
and beneficial experience.

After our success with launching Night at the Museum, we wanted to create an 
event for Science Forward that would give students a personal, authentic connection 
to science and make a lasting impression, as well as be useful in the seminar class-
room. To do this, we mount our most ambitious event: our annual BioBlitz held at 
the start of the fall semester. Our BioBlitz is a 24-h biodiversity survey of a park or 
green space of New York City, introducing ecological fieldwork to almost 500 stu-
dents, and requiring the work of dozens of scientists and naturalists to lead and 
supervise the data collection. To date, we have organized BioBlitzes for Macaulay 
students in Central Park (2013, Manhattan), New York Botanical Garden (2014, 
Bronx, where our event took place primarily in the Thain Family Forest, the largest 
old-growth forest in New York City), Freshkills Park (2015, Staten Island and built 
atop Fresh Kills Landfill, once the largest in the world), Brooklyn Bridge Park 
(2016, Brooklyn, constructed over rehabilitated industrial piers), Alley Pond Park 
(2017, Queens), Inwood Hill Park (2018, Manhattan, site of the only old-growth 
forest on the island, the Shorakapok Preserve), and Green-Wood Cemetery and the 
Gowanus Canal (2019, Brooklyn, where the Gowanus has been designated a 
Superfund site). Our 2020 and 2021 BioBlitzes were held remotely and students 
collected iNaturalist observations from wherever they were located to contribute to 
a geographically-distributed, whole-class dataset. iNaturalist is a free, openly avail-
able database and social network where people can upload geotagged and time-
stamped photos of living things and have an engaged community of users help them 
with identification (iNaturalist, 2021a).

At the BioBlitz, students participate in authentic data collection, and in turn, use 
those data during the rest of the fall semester to complete research projects, culmi-
nating in a cross-campus poster session at the end of the semester. The BioBlitz is a 
resource-intensive, but beloved, tradition at Macaulay and is the product of our 
commitment to student-centered pedagogical innovation, and our hard work to 
bring together a logistically complex event. Macaulay understands that it occupies 
a position of privilege within CUNY, but we believe that our model demonstrates 
best practices and potential outcomes for all students in a public university, when 
properly supported and resourced, not just honors students. We maintain that a 
BioBlitz is the type of experience that can be brought to a variety of students and 
educational settings, regardless of the student population, and such an event is also 
adaptable to different budgetary and pedagogical concerns. In this chapter, we will 
describe how we developed our Science Forward skills curriculum and how the 
BioBlitz is an integral part of that framework. We will detail how this massive data 

1 Due to the COVID-19 pandemic, Night at the Museum could not be held in 2020 and 2021.
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collection event becomes an authentic research experience in the classroom and 
how you can conduct your own BioBlitzes. Finally, we will describe some responses 
to the BioBlitz from our students.

11.2 � The Birth of Science Forward 
and the Macaulay BioBlitz

Science Forward is the second iteration of Macaulay’s third sequential honors semi-
nar, which students always take in the fall of their sophomore year. The first version 
was “Science and Technology in New York City” and while all of our courses have 
approved and shared learning outcomes, the science course became unwieldy to 
coordinate as the Honors College program grew from just a few sections in its first 
years to over 20 by 2012. Because of our distributed nature, the science course suf-
fered from curricular drift; faculty across the campuses made many different and 
wonderful courses, but they were often in very narrow fields of science or some-
times were not even science courses at all. We want our students to become scien-
tifically literate, to be able to encounter science, any science, and be able to 
understand why the people involved are doing what they are doing. Students were 
not always getting this experience, so in the beginning of 2013, then-Dean Mary 
Pearl (herself a primatologist and conservation biologist) set out to redesign and 
refresh the curriculum with two main goals: (1) creating a more engaging experi-
ence for a diverse student body, and (2) focusing on scientific skills in the context of 
multiple fields of life and physical sciences. We want our students to think about 
how the process of science and our current scientific knowledge can help to address 
urgent local and global challenges facing our society. We also want our students to 
address justice by exploring the intersection of science, ethics, and equity issues in 
addition to harms groups have faced on the way to scientific discovery. This new 
curriculum framework would be called Science Forward and we would create a 
companion open educational resource (OER) to share it with the broader community.

We wanted to revamp the curriculum so that students on all of our campuses 
could have similar experiences and platforms for conversation, without putting 
overly prescriptive mandates on our faculty. We also needed the course to produc-
tively serve both STEM and non-STEM majors together in the same classroom. We 
used these goals to reflect on the type of course we wanted our students to take, and 
what skills and knowledge we wanted them to gain that they don’t typically get 
elsewhere in their college careers. The course is meant to explore science in the 
tradition of liberal arts, with critical inquiry at its heart. To realize this ambitious 
goal, Macaulay needed to draw upon the expertise of faculty from across the univer-
sity but also needed a realistic implementation plan. We needed someone to take this 
initial proposal and develop it into a full-fledged curriculum to be taught for the first 
time in only a few short months. Dr. O’Donnell, an evolutionary ecologist with 
experience in pedagogical innovation and active learning in science education, was 

K. L. O’Donnell and L. A. Brundage



187

hired for this task in June of 2013. The university’s central administration commit-
ted support to the project under its CUNY Advance2 initiative, which was a program 
dedicated to supporting innovative pilot projects at the university. During its exis-
tence, Dr. Brundage – who holds a Ph.D. in English and gained expertise in digital 
pedagogy and experiential learning events as an Instructional Technology Fellow at 
Macaulay during her doctoral training – served as CUNY Advance’s director and 
provided project management and pedagogical consultation for its portfolio. The 
partnership that began then has continued, as Dr. O’Donnell has moved into a full-
time role as Director of Science Forward, and Dr. Brundage transitioned first to 
Director of Teaching, Learning, and Technology, and then Director of Academic 
Affairs, at Macaulay.

Both of us have landed at Macaulay in non-traditional academic roles that are at 
once administrative and directly student-serving. Both of us also received robust 
training in pedagogical methods throughout our doctoral and postdoctoral work, 
and draw on years of classroom experience that underlies and inspires how we 
approach our work as non-faculty academics and teachers. While we both teach 
courses regularly, our day-to-day jobs have responsibilities that are typically outside 
of the scope of faculty lines. The types of work we do are certainly possible for 
faculty through summer and release time, but sustaining ongoing activities related 
to developing and scaling a course such as Science Forward and having an annual 
event like the BioBlitz would be challenging for a tenure-track faculty team and 
impossible for contingent faculty.

As Dr. Brundage (with Gregory and Sherwood) has argued elsewhere (2018), in 
the rise of alternative academic or “alt-ac,”3 roles, “makers” and “disruptors” are 
often highly valued, but universities also need to cultivate connectors: those who do 
the carework required to bring together disparate participants, stakeholders, depart-
ments, and other branches necessary to do and sustain complex, innovative projects 
such as creating the companion Science Forward OER video series and unique 
events like the BioBlitz. While BioBlitz itself invites reflections on environmental 
sustainability, our work also highlights sustainability as a labor issue. Here, we 
assert that the BioBlitz draws upon our background as project managers and peda-
gogues, and is enriched by our academic training and our cross-disciplinary 
approach to problem-solving and intellectual exploration. We are also firm in our 
belief that the technical execution of the BioBlitz cannot be separated from the 
emotional labor – the carework built into project management – that is required to 
provide outstanding and inclusive experiences for our students and team leaders. 
Because we, as a partnership, do the soup-to-nuts planning and implementation 
(everything from site selection to bug spray) we are able to constantly build, adapt, 
and iterate from year to year during planning, and minute to minute during the 

2 CUNY Advance was funded from 2013 to 2016 and was not affiliated with NSF ADVANCE.
3 “Alt-ac” is a term that has been in circulation since approximately 2010, and refers to careers for 
PhDs that are off the tenure track, and may be within or outside of academia, but draw upon exper-
tise gained in PhD training (Manzo & Renner, 2015).

11  It Turned into a Bioblitz: Urban Data Collection for Building Scientific Literacy…



188

BioBlitz itself. The multiple types of services we provide are facilitated by being in 
alt-ac connector roles at Macaulay.

Securing both of us to work on the Science Forward curriculum project added 
diversity of career types to the planning committee tasked with building the Science 
Forward framework. Because we knew we were going to be building an interdisci-
plinary science curriculum, it was important for the committee to include faculty 
from both the life and physical sciences. There were faculty from chemistry, wild-
life biology, ecology, astronomy, and climate science included. In addition to having 
multiple perspectives from within science, our committee also included representa-
tives from the humanities and social sciences. All were interested in improving 
undergraduate science education in the context of Macaulay’s liberal arts curricu-
lum and this diversity of career-type and academic background aided our efforts.

The committee was tasked with stepping out of their discipline-specific silos and 
agreeing on a framework that highlights the common skills that scientists employ 
when they do their work. The scientists were able to enumerate the skills they use in 
their fields and the topics to be used in the course as the context for the skills. A key 
aspect to the functioning of this committee was the inclusion of perspectives from 
outside of the sciences. Our humanities representatives (including Dr. Brundage) 
had experience teaching survey courses that are similar to what we were trying to 
build for science and they helped to focus our efforts on making the common narra-
tive thread (science skills) clear throughout the curriculum.

Required undergraduate science courses are often burdened by the sheer volume 
of content faculty must cover with students and are almost always tied to specific 
disciplines. Many instructors acknowledge that teaching scientific skills is impor-
tant but feel that they need to prioritize covering the course content over teaching 
about the process of science (Coil et al., 2010). However, evidence suggests that 
students learn better with a more student-centered, active approach that focuses on 
core concepts and competencies (Petersen et al., 2020). In a typical, lecture-based 
science course, there is scant time to explain and reflect on how a simple 101-level 
experiment relates to the larger research work in climate change or drug develop-
ment, for example. At the same time, the amount of scientific information that we 
(generally) encounter and need to evaluate daily is staggering, touching on intimate 
aspects of life like the food we eat, water we drink, air we breathe, medications we 
take, and climates we experience. In an age of fake news and science denial, creat-
ing a scientifically literate population is a critical need. Our Science Forward cur-
riculum does just that, and the BioBlitz and experiential learning are cornerstones 
of how we connect the dots from science as an academic pursuit to science as a 
human endeavor that has meaning and context in lived experiences.

After several committee meetings and many spirited debates, we defined the 
backbone of our Science Forward framework, the Science Senses, which includes 
those scientific skills that we wanted our students to learn and practice. Having 
Science Sense means using these scientific skills to distinguish science from non-
science and from pseudoscience; to recognize how people collect and process facts 
into knowledge; to question and evaluate information that is presented as scientific. 
Our overarching learning goal was to produce students who are informed 

K. L. O’Donnell and L. A. Brundage



189

Science Sense Skills include
Being able to apply basic mathematical reasoning
Having a sense of scale
Making order of magnitude estimates

Making measurements
Measuring uncertainty
Recognizing bias
Using proxies
Managing data sets
Doing statistical analysis
Using mathematical models
Finding relationships and trends
Visualizing data
Interpreting graphs

Asking a scientific question
Using proper experimental design
Communicating results to scientists & the public
Understanding how science makes progress
Thinking critically
Being reasonably skeptical
Making evidence-based arguments
Applying scientific knowledge
Understanding the intersection of science & ethics
Distinguishing science from pseudoscience
Acknowledging equity issues in science

Fig. 11.1  A sample of the general types of skills that fall into each of the Science Sense categories 
(Number Sense, Data Sense, Knowledge Sense) in the Science Forward curriculum framework.

consumers, evaluators, and/or practitioners of science. The committee categorized 
the Science Sense skills into Number Sense, Data Sense, and Knowledge Sense (see 
Fig. 11.1 for a sample of some of the Science Sense skills). Number Sense skills 
focus on basic numeracy, unit conversion, scales, etc. Data Sense skills include what 
a scientist does with those numbers: collecting data, doing analyses, visualizing 
results, etc. Knowledge Sense skills are those that deal with the creation of knowl-
edge from scientific evidence and also include skills related to the philosophy of 
science: what does it mean to ask a scientific question or to be reasonably skeptical, 
for example. Science Forward requires an interdisciplinary context so that students 
understand that these skills are common across all fields of science. A scientist 
needs to know why it’s important to establish a hypothesis before looking at the 
results of an experiment whether that experiment involves invasive plants or pho-
tons. Likewise, we consider providing all students with the foundational knowledge 
to navigate the scientific information they will encounter in day-to-day life to be a 
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pressing social justice matter, whether they will become scientists or not. We sup-
port the implementation of our novel curriculum with an openly available and 
accessible4 video library and web resource we created for it, the Science Forward 
OER (O’Donnell et al., 2014a).

Much research has suggested that explicitly teaching science skills helps under-
graduates succeed in their future coursework, but despite faculty recognition of this, 
few programs exist with this purpose (Coil et  al., 2010 and references therein). 
Training in these skills is clearly important for students who plan on becoming sci-
entists and based on comments we have heard from our students, they do appreciate 
this. Dr. O’Donnell has had students tell her that they like that they can get into the 
reasoning behind experiments and research programs and that they do not have the 
opportunity to do this in their introductory science classes that are more focused on 
memorization. Additionally, these skills are important for all students, regardless of 
major, because all students are going to encounter scientific information or informa-
tion presented as scientific in their daily lives. Students should be able to critically 
evaluate claims that they see in their social media feeds, for example.

With the interdisciplinary skills framework set, the second major innovation of 
Dr. Pearl’s original proposal was the inclusion of a massive data collection event to 
start the course: a BioBlitz. Because of time and space constraints across the differ-
ent campuses, there is no capacity for this course to have a formal lab component, 
but we felt it was very important to give our students hands-on experience with sci-
ence. What better way to have students hone their scientific skills than by having 
them actually engage in authentic data collection and interaction with actual scien-
tists? Having the BioBlitz included as an essential experiential learning component 
of Science Forward helps us achieve three goals. First, it creates a student-generated 
data set that can be used in class to practice the Science Sense skills. Second, it 
allows our students to interact with naturalists/scientists in the field who can model 
for them observational skills and how to think of the city as a laboratory. Finally, the 
BioBlitz builds inclusive connections in our student community; all students from 
our eight campuses are shuffled together on teams at the event.

11.3 � How the BioBlitz Happens

The BioBlitz is a part of our authentic research experience in Science Forward, but 
what is a BioBlitz? In general, a BioBlitz is an intense species survey that takes 
place in a specific location in a defined period of time, typically 24 h However, there 
is no real hard and fast definition of BioBlitz. The term “BioBlitz” was first used by 
the US National Parks Service in 1996 when they surveyed Kenilworth Park in 
Washington, DC;  no one person or organization owns the term “BioBlitz” itself 

4 The Science Forward videos come with closed captioning, written transcripts, and a version of the 
video with audio descriptions of the visual images.
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(Droege, 1996). The National Parks Service continues to hold annual BioBlitzes 
and, for their centennial celebration in 2016, they held many BioBlitzes across the 
country (National Parks Service, 2019). BioBlitzes are often meant to be celebra-
tions of nature and, usually, these are public events where “citizen scientists” can 
aid in cataloging the biodiversity of their local parks. We use “citizen science” here 
to indicate a global citizen of our whole society or a member of the public, not as a 
citizen of a particular nation. There are ongoing discussions about figuring out a 
new term for this type of amateur participation in the scientific process due to the 
exclusionary nature of the word “citizen” (see discussions in Eitzel et  al., 2017; 
Cooper et al., 2021).

Our BioBlitz is slightly different from a typical, citizen science event in that 
participation is restricted to our own students, due to space limitations on our survey 
teams. The Macaulay BioBlitz is for all Macaulay sophomores (approximately 500 
students annually) and is the kickoff event for their required Science Forward semi-
nar. The Macaulay BioBlitz is typically held in early September, and students use 
the data they collected during BioBlitz and other relevant data sets to complete a 
research project and present a poster at our STEAM Festival in December. STEAM 
stands for Science, Technology, Engineering, Arts, and Technology. At Macaulay, 
the STEAM Festival is attended by first-year students in our Arts in New York City 
seminar and sophomores in Science Forward. Students present their final projects in 
poster sessions or gallery-style displays and can engage in conversations that bridge 
arts and sciences and link our curricula across years and students across campuses.

The BioBlitz is set within a series of courses and events that connect Macaulay 
students to New York City and ask them to deepen their understanding of how the 
city works, their role in creating a more resilient and just city. The curriculum and 
events invite them to make full use of the many resources, spaces, and institutions 
that New York has. In addition to the aforementioned Arts in New York City, which 
all students take in the fall semester of their first year, students take the People of 
New York City (a social sciences course) in the spring of their first year, followed 
by Science Forward and then Planning the Future of New York City (a public policy 
and urban planning course) in the fall and spring of their sophomore year, respec-
tively. Most of our students have spent their entire lives in New York City, and these 
four core seminars are meant to introduce basic methods in humanities, social sci-
ences, life and physical sciences, and public policy. We see this series of courses as 
an invitation to our students to understand that they are entitled to the spaces and 
resources of New York, but also carry the responsibility to be stewards of and ensure 
a more sustainable, equitable future for NYC. We believe this is best accomplished 
through a mixture of classroom work and hands-on direct work in these spaces.

In order for the BioBlitz to achieve such broad and ambitious goals, we have a 
structured logistical organization that ensures student-to-student and student-to-
scientist interaction. We have our students sign up for 3-h shifts to be at the BioBlitz. 
This does not include travel time to and from the park, but in some years, we pro-
vide charter buses to take our students from a central location to the site. During 
their shift, students are assigned to teams led by taxonomic experts and they are 
tasked with finding and documenting as many species as possible within that shift 
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as they can. BioBlitzes can have generalist or specialist teams. Our teams are taxon-
specific; in 2017, for example, we had teams searching for ants, bats, bees, beetles, 
birds, fish, flies, herps, lepidopterans, lichens, microbes, odonates, plants, pond 
invertebrates, spiders, and even one abiotic team monitoring water quality. All data 
are collected on paper and/or via the iNaturalist app and are made public for all to 
share. Science Forward faculty are also invited to participate at the BioBlitz.

Preparing for the Macaulay BioBlitz takes months of planning and coordinating 
with the host location. We usually begin by identifying a willing host organization 
and initiating legal agreements for individual and shared responsibilities. Since our 
students are from all over New York City, we have made a point to include all bor-
oughs in our BioBlitzes: Central Park in Manhattan in 2013, New York Botanical 
Garden in the Bronx in 2014, Freshkills Park on Staten Island in 2015, Brooklyn 
Bridge Park in Brooklyn in 2016, and Alley Pond Park in Queens in 2017. We then 
started to cycle back through boroughs with Inwood Hill Park (Manhattan) in 2018 
and Green-Wood Cemetery and the Gowanus Canal (Brooklyn) in 2019. We were 
in the midst of planning a 2020 BioBlitz at Randall’s Island (technically part of 
Manhattan, but situated between the shores of Manhattan, Queens, and the Bronx) 
when the COVID-19 pandemic hit. In 2020 and 2021, we shifted to fully remote 
BioBlitzes, inviting students to submit observations via iNaturalist from wherever 
they were located during the month of September. In the remote setting, students are 
required to attend one of several webinars we set up to include panels of taxon lead-
ers who describe how to make iNaturalist observations of their particular group of 
interest. Students get a chance to talk with the taxon leaders in this setting.

After a location is determined, we begin to call on our network of scientists, 
naturalists, and local nature lovers with taxonomic expertise to lead the teams at our 
BioBlitz. From our experience, we have noticed that people who choose to lead 
teams are generally people who, in addition to being experts in a particular type of 
organism, love to share their knowledge with our students and demonstrate how 
they go about making scientific observations. We have many returning taxon leaders 
every year, including some that have been with us for nearly all of our BioBlitzes! 
We build the day’s schedule based on the taxon leaders’ availability, park restric-
tions, sunrise/sunset, and tides. We also survey students for any ADA or other acces-
sibility needs. We are committed to creating solutions that will allow the full 
participation of all students. The result is multiple concurrent taxon-specific teams 
distributed throughout the area we are surveying (see Fig. 11.2 for an example). We 
open student registration for the BioBlitz before classes start and students can 
choose to register for any open shift. This way we can control how many students 
are at the BioBlitz at any given time and we get a mix from all of our campuses to 
build a sense of community among our distributed students.

In addition to our taxon leaders, the BioBlitz requires Macaulay staff to be onsite 
coordinating the day. We (Drs. O’Donnell and Brundage) are present for the entire 
duration of the BioBlitz, plus set up and clean up. We have a cache of equipment 
that our leaders and students need to facilitate their work, with everything from 
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Fig. 11.2  The first few hours of the 2016 Macaulay Honors College Brooklyn Bridge Park 
BioBlitz as seen in the Sched app showing staff shifts, student check-in, and concurrent taxon 
survey teams

microscopes, to heavy-duty boots, to UV protection goggles to use at our insect 
light trap, to aerators for fish boxes. We also have pop-up tents; signage; tables and 
chairs; T-shirts for our students, leaders, and staff; first aid kits; snacks; water; sun-
screen; and bug spray. Equipment is inventoried and replenished every summer, and 
usually moved to the survey site for storage sometime in the week before the event, 
with pick up the week after. During the BioBlitz, Macaulay staff work in shifts 
checking in students, providing assistance to taxon leaders, and providing general 
logistical support. We sometimes attract the attention of the local media and field 
questions and coordinate with them on the kinds of reporting they would like to do. 
We also ensure that we do a complete cleanup of the areas we use. On the Science 
Forward OER, faculty are provided with lesson and project ideas for incorporating 
personal reflections and scientific analysis of the BioBlitz experience and data into 
their classes (O’Donnell et al., 2014b).
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11.4 � The Macaulay BioBlitz as an Authentic 
Research Experience

Experiential learning is one of Macaulay’s key curricular themes. The BioBlitz rep-
resents the key experience in Science Forward and it was proposed to integrate an 
authentic research experience into the core requirements of our students. We want 
our students to learn how science works by engaging in an investigation based on 
the BioBlitz data, but led by their own lines of inquiry. Although Science Forward 
is an interdisciplinary course, we followed recommendations of reports such as 
Vision and Change (AAAS, 2011), which states that whether or not students who 
participate in a research experience go on to careers in scientific research, the expe-
rience itself improves their ability to understand how scientists work. The experi-
ence also prepares them to better evaluate scientific claims that they may encounter 
in their daily lives.

The positive outcomes of integrating a research experience into a science course 
are supported by a growing body of research. For example, Gasper and Gardner 
(2013) showed increased critical thinking ability and understanding of the nature of 
science after an authentic research experience was integrated into their introductory 
biology course. But what does it mean to be “an authentic research experience?” In 
a large national survey of biology faculty conducted by Spell et al. (2014), it was 
shown that faculty define authentic research experience in many different ways, 
however, common themes do emerge, such as incorporating experimental design, 
data collection, data analysis, and presentation. When developing Science Forward, 
we wanted to touch on all of these themes as they directly relate to the skills training 
we were hoping to instill in our students.

The Macaulay BioBlitz serves as the data collection opportunity for the authentic 
research experience in Science Forward. We want our students to be thinking about 
making meaningful observations and to interact with enthusiastic experts. We also 
recommend that students think about what kinds of empirical questions they could 
ask about the creatures and environment they are observing. Both students and fac-
ulty can access some BioBlitz data immediately as observations are uploaded to 
iNaturalist. About 2–3 weeks after the event, the full data set, including all of the 
data collected on paper data sheets, are made available to the faculty first to allow 
students time to come up with their questions before seeing the full data set.

The rest of the research experience takes place in the classroom during the 
semester. The Science Forward framework requires that the BioBlitz experience be 
used during the course. We strongly encourage the ~30 faculty who teach the course 
to use the BioBlitz experience as the basis for an original student research project, 
which in most cases, will make up the largest portion of a student’s grade. Given the 
length of the semester and the placement of the BioBlitz in the schedule, these proj-
ects usually are not highly complex studies, but they do give our students the oppor-
tunity to take ownership of a part of the BioBlitz data and think deeply about what 
those data mean.
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Science Forward faculty are provided with a recommended project scaffold to 
use so that students can take time to explore different aspects of the scientific pro-
cess (available at the Science Forward OER (O’Donnell et  al. 2014a)). Students 
were out in the urban habitat and should then think of testable questions they could 
answer using the data gathered at the BioBlitz. They may also incorporate other 
open data sources or even revisit the BioBlitz location to collect more data. The 
students then decide on how they want to analyze the data: what comparisons will 
they make and what statistical analyses will they perform. In the project scaffolding, 
we recommend that students write this part up as a brief project proposal. We have 
had students compare bat activity in different areas of a forest using chi-square 
analysis, calculate diversity indices for bird communities, and compare diversity 
across different years of the BioBlitz, for example. We have also had students col-
lect more data to investigate lichen diversity across an assumed pollution gradient, 
human impact on bird abundance, and even survey data on their classmates to gauge 
response to the event itself.

The final step in this research experience is communicating results at our 
semester-closing common event for Science Forward: the Macaulay STEAM 
Festival. At this event, all (approx. 500) of our Science Forward students share the 
results of their semester-long projects as research posters. In class, our students 
determine how to clearly communicate what they have found out in the visual for-
mat of a poster. The activity models preparation for a professional meeting and calls 
on specific skills related to communicating scientific information to a scientific 
audience at the STEAM Festival. Our students get the opportunity to tell their class-
mates about what they have done and to interact with our science faculty and gradu-
ate students who are interested in their findings.

By having our students collect data, ask their own questions, design their analy-
ses, and communicate their results, we are hitting major themes of an authentic 
research experience (Spell et al., 2014). Our students are participating in the actual 
process of science and employing many of the Science Sense skills that we want 
them to be honing in the Science Forward course.

11.5 � “So, You Want to Do a Bioblitz…”

Our annual BioBlitz will continue into the future and there are many other BioBlitzes 
occurring around the world at any given time. At Macaulay, Dr. O’Donnell also 
organizes the New York City arm of the City Nature Challenge, which is an annual 
global BioBlitz for urban biodiversity run by the California Academy of Sciences 
and the Natural History Museum of Los Angeles County (Young & Higgins, 2021). 
If the reader is interested in starting their own BioBlitz, we can offer a few tips. The 
first thing to do is determine what the outcome of the BioBlitz is going to be: will it 
be a research experience integrated into class? Will it be for public engagement with 
nature? Determining your outcomes beforehand allows you to structure the event in 
a way that best achieves these goals.
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The scope of your BioBlitz depends on your purpose and participants. Our 
BioBlitz is tightly scheduled because we are guaranteed about 450–500 student 
participants and simply do not have the capacity to plan for and distribute teams if 
the students showed up whenever they wanted. Students sign up for a specific ses-
sion and know their time commitment upfront. We also choose to have taxon-
specific teams to facilitate a more diverse species list. Students are assigned to teams 
once they arrive, which minimizes uneven placement and eliminates requests to 
swap teams. Depending on our site’s proximity to public transportation, we some-
times provide shuttle bus service to the event, so we need to figure out how large 
each wave of students will be, and how many buses we need to accommodate them. 
This may be less of a challenge if you are in an area where most students use per-
sonal vehicles as their primary mode of transportation, and your sites have ample 
parking.

Many BioBlitzes are less structured than ours; they may have a smaller number 
of participants so it might make sense for them to have more generalist teams so that 
there are fewer gaps in taxonomic coverage. With the broader use of iNaturalist, we 
are also seeing more and more open and unstructured BioBlitzes like the City 
Nature Challenge. BioBlitzes like these require a robust local community of iNatu-
ralist users to help with identifications synchronously or asynchronously. You can 
even participate in a “Personal BioBlitz” (Pollock et al., 2015) which takes place 
over many weeks and seeks to increase biodiversity awareness through the docu-
mentation of a personal life list of species in a friendly competition with other users.

Whatever your scope, start planning early. Yes, it is true that we planned the 2013 
Central Park BioBlitz in about 3 months, but this is not ideal for finding experts to 
lead teams or for the organizers’ mental health. Ironing out the legal agreements 
alone can take 6 or more months for some locations, even if the hosts are all on 
board already. It is vital to have formal agreements about the event, delineating 
specific logistical and monetary responsibilities of each party, including access to 
buildings and spaces at off-hours, safety information and waivers, and who has key 
decision-making powers, such as event cancellation due to inclement weather. 
Additionally, you must also consider governmental and institutional permits and 
timelines for the survey activities you are conducting, such as state/city research 
permits and Institutional Animal Care and Use Committee (IACUC) authorization. 
With the 2015 Freshkills Park BioBlitz, for example, we were holding a CUNY 
event in a city park with its own conservancy on land jointly held by the NYC Parks 
Department and the NYC Department of Sanitation and students were checking in 
at a ferry terminal operated by the Department of Transportation. We had to have 
agreements and/or waivers in place for all of those involved institutions. Then for 
the surveying activities, we had a NYS DEC License to Collect and Possess  – 
Scientific, an NYC Parks Research Permit, and IACUC approval from City College.

At our BioBlitzes, we strive to provide easy and positive experiences for our 
students and our taxon group leaders, which means a meticulous organization of 
both logistics and objects. We get T-shirts printed for all of our participants, with 
students in one color and scientists, staff, and volunteers in another color. It is 
incredibly helpful to have all participants visually identifiable and to be able to tell 
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at a glance who is a student and who is working. If you cannot afford to do this, we 
recommend that you try to have T-shirts for your leaders and staff so that students 
(and you!) can easily locate them. We also assign students a team number, rather 
than a team name. Faced with a choice like “flies or fish” students generally show 
some vertebrate bias and choose fish. We learned the hard way that students can 
“forget” which teams they have been assigned if they believe their assigned taxa are 
unfamiliar, uninteresting, or frightening. But what we have also witnessed is that an 
enthusiastic leader can absolutely sway attitudes about the organisms in team sur-
vey work! We do, however, ask for allergy information and won’t place a student 
allergic to bees on the bee team, for example. We also pre-assign any students with 
disabilities to the team we have mutually agreed will be best for them. We work with 
our taxon leaders to determine the ideal group size, assign students in accordance 
with their wishes, and pre-determine where in the park their work will take place. 
Taking this step is especially important for certain groups like the birding teams, 
which need to be small to remain quiet.

If you are going to incorporate a BioBlitz as a recurring event, consider your 
budget and space for equipment. We have acquired over 35 large plastic boxes 
(upwards of 90 cubic feet) of equipment over the past BioBlitzes. We are at capacity 
for storage in our building. Borrow equipment when you can. We also carefully 
inventory the equipment with a checklist and keep the bins organized and clearly 
labeled by taxon. Having the equipment (and other materials for registration etc.) 
carefully organized relieves a lot of stress onsite, when time is short and the registra-
tion area is crowded. Do what you can to help teams self-start! Also plan to thor-
oughly familiarize yourself with the area you will survey: time how long it takes to 
walk from the check-in area to the survey areas, note any obstacles, and anticipate 
challenges such as moving, guarding, and setting up equipment. If leaders will be 
working with two consecutive groups of students, will they be able to come back to 
registration to meet the new group, or will they need to stay with equipment in the 
field? We find it useful to print a poster-sized map and physically move objects 
around it representing teams and times to get a feel for how the day will stitch 
together. While we keep a detailed, private spreadsheet of all the logistical informa-
tion, we have also used sched.com (an event organization tool, see Fig. 11.2) and 
other graphics to make an easily readable and shareable timeline of the day. 
Whatever form your BioBlitz takes, make sure to build some enjoyment in for your-
self, too! Enjoy your surroundings, log some observations, and appreciate the expe-
rience you are bringing to your students.

11.6 � The Value of the Macaulay BioBlitz

Developing curricula that instill scientific literacy, including procedural knowledge, 
evidence evaluation, and that take into account science’s role in everyday life is 
critical across industry, social action, and the personal realm (Duggan & Gott, 
2002). With our new Science Forward framework, we have created a course for our 
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students, both STEM and non-STEM majors alike, that focuses on these skills and 
the role of science in the world. Our annual BioBlitz is integrated into this frame-
work as a highly engaging research experience for our students who get a chance to 
participate in the actual process of science. In class, students explore how to ask an 
empirical question of these data, how to manage ecological data, what statistical 
analyses are appropriate, and how to communicate clearly to both a public and a 
scientific audience. Our BioBlitz is a worthwhile logistical challenge that fosters 
these opportunities.

Besides skills training and engagement with the scientific process, there are other 
important outcomes from the BioBlitz experience. Unlike many research experi-
ences, such as those that take the form of apprenticeships in labs, Science Forward 
projects are usually a singular exploration rather than an iterative one. However, our 
data do live on in their open format. Anyone can visit our BioBlitz website5 to 
access the data or download BioBlitz observations from iNaturalist. Using the iNat-
uralist platform also means that those BioBlitz observations that become what iNat-
uralist calls “Research Grade”6 can be seen and used by a wider audience through 
the Global Biodiversity Information Facility (GBIF), an open repository of ecologi-
cal datasets (GBIF.org, 2021). Research Grade iNaturalist observations get uploaded 
weekly to GBIF where they can be accessed by researchers looking for species 
occurrence data (Ueda, 2021). Our students are contributing to a worldwide dataset 
that any scientist can use to ask ecological questions about our changing planet. For 
example, iNaturalist data were used to document butterfly decline in the western US 
(Forister et al., 2021). iNaturalist data can even be used to address issues regarding 
sustainable urban planning (see Cambria et al., 2021 for a European example).

In the process of collecting these data for our BioBlitz, students are potentially 
also engaging in biodiscovery, documenting new species or interactions in a particu-
lar area (Hitchcock et al., 2021). For example, at our first BioBlitz in 2013, several 
students on the plant team led by Daniel Atha of the New York Botanical Garden, 
documented species that had never been reported at Central Park before, including 
Plantago rugelli observed on iNaturalist by Erisa Gjinaj (2013), Persicaria extremi-
orientalis observed by David Kleyman (2013), and Cyperus iria observed by 
Jonathan Chevinsky (2013) (Atha, personal communication). If one considers the 
impact on the iNaturalist database itself, our BioBlitzes often have students making 
the only records of some species in the area and our BioBlitz observations can make 
up a large percentage of a host park’s total observations (see Hitchcock et al., 2021). 
Our BioBlitzes have also brought new, knowledgeable users to iNaturalist when our 
taxon leaders sign up as they prepare to lead teams for us. For example, Daniel Atha 
started the New  York City EcoFlora project, an effort of NYBG to engage 
New Yorkers with the plant species around the city as they follow monthly themed 
quests to make iNaturalist observations (Boom et al., n.d.). Susan Hewitt, mollusk 

5 http://macaulay.cuny.edu/eportfolios/bioblitz/
6 Research Grade observations are those where 2/3 or more of the iNaturalist users who contribute 
identifications agree on the species (iNaturalist, 2021b).
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taxon leader at the 2014 BioBlitz, is the ninth most prolific observer on all of iNatu-
ralist (as of this writing) with over 93,000 verifiable observations (she’s twelfth for 
all observations) (iNaturalist, 2021c). Our BioBlitz has also been the inspiration for 
further surveys of the Central Park flora (Atha et al., 2020) and lichens at Freshkills 
Park (Allen & Howe, 2016). At a large scale, our students can feel more connected 
to a global community of naturalists through the contributions they make via iNatu-
ralist and the interactions they have with the users of that database.

Another important outcome is students seeing and interacting with scientists in 
one of their natural habitats. Granted, our sample is not representative of all scien-
tists, but students are getting the opportunity to have meaningful conversations 
about the work that these scientists do in an intimate group outside of the lecture 
hall. We hope that this shatters the misconception of all scientists being isolated 
people in sterile labs wearing white coats and safety goggles.

The BioBlitz experience also serves to instill a sense of place in our students at 
local and global levels. As a common event, the BioBlitz brings together our eight 
campuses and fosters a sense of community within the entire class. As an event that 
is focused on the green spaces of New York City, the BioBlitz connects our students 
to the urban habitat. They have even had the opportunity to explore areas not yet 
open to the public: the Hallett Nature Sanctuary in Central Park was not open yet 
when we had the 2013 BioBlitz, and Freshkills Park is still not entirely open to the 
public. Opportunities like these make the event special for our students and intro-
duce them to ongoing stewardship efforts that the city supports. Students can feel 
proud that they are able to contribute to the protection of these natural areas that are 
a part of their urban homes. In a few cases, our students and naturalists are establish-
ing the baseline species list in areas that had never been surveyed at this level before. 
Data like these may be particularly useful as more research effort is directed at ques-
tions about the importance of urban biodiversity in global conservation efforts. 
There remain many questions to be answered about not only the ecological pro-
cesses happening across networks of urban green spaces (Lepczyk et al., 2017), but 
also how to effectively use that information in the context of the social, economic, 
and other human considerations that factor into effective urban green space man-
agement (Aronson et al., 2017).

Students can also make connections between their BioBlitz experience and other 
aspects of our Science Forward and honors curricula. All in-person Macaulay 
BioBlitzes have been held on the unceded territory of the Lenape people and we 
want students to acknowledge that fact and pay proper respect to the original inhab-
itants of the land our campuses sit upon. We incorporated our first formal land 
acknowledgment (drafted by members of Macaulay’s Teaching and Learning 
Collaboratory) into our 2019 BioBlitz, and Dr. O’Donnell has created our current 
version (O’Donnell, 2021). We want students to think about how the landscape has 
changed with the impacts of colonization and we make sure to point them to 
resources like The Lenape Center (2021), Mannahatta (Sanderson, 2009), and The 
Welikia Project (WCS, 2008) so they can find out more. We also want students to 
think about how land use has continued to change even beyond colonization and 
which groups have been harmed by that process. BioBlitz host sites that are in the 
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process of transformation from heavily human-damaged spaces to parkland are 
good examples of our attempts to recover from this destruction (Freshkills Park and 
the Gowanus Canal, for example). We also encourage faculty to use the BioBlitz 
experience as a way to broach themes of environmental justice in their classes.

Participating in BioBlitz is usually unlike any other science course experience 
students have had and gets many positive responses from our students. Because the 
course serves sophomores, even our STEM majors have generally not yet partici-
pated in any research activities. In September 2016, we informally surveyed 286 
students when they registered to attend the BioBlitz and 82.5% were not currently 
involved in any research in a science lab, computer lab, or in the field, and 32.8% 
considered themselves unlikely or highly unlikely to engage in scientific research 
outside of their coursework. In addition to knowing that the event boosts students’ 
research experiences, the qualitative feedback we get from students is also valuable 
to us. We have seen students take tentative, wader-encased steps into the East River, 
and then be amazed at what a seine net hauls in. We have witnessed students literally 
yelling with excitement after catching an insect in a net, and watching with amaze-
ment as a scientist delicately handles a bat and shows them how to assess its health. 
We hear from our team leader scientists that the BioBlitz gives them a unique way 
to interact with and relate to students, sharing the work that they love with students. 
The BioBlitz has lasting effects on students, too. In senior surveys (administered 
over 2 years after the graduating students’ BioBlitz experience), we get comments 
such as, “BioBlitz was very interesting because I got to learn about the natural envi-
ronment within the city, instead of thinking of wildlife as only something you can 
find out in the wilderness.” Another graduating student articulated the benefit of 
interpersonal skills that experiential learning imparts: “Going to unique Macaulay 
opportunities such as … bioblitz, museums, etc., has opened my mind to a different 
way of thinking. If I didn’t go to these events, I would be forced to only do course-
work and activities relevant to my major. Because I’ve explored so many different 
fields like art, science, history, and more, I have more skills and knowledge which 
makes conversing with different people so much better.” Events like the BioBlitz 
help our students gain academic skills, but also make them informed citizens with 
deeper connections to the places in which they live.

We also know the BioBlitz has the potential to alter career tracks for our stu-
dents, like Allegra DePasquale. She told us, “BioBlitz was one of my favorite events, 
and changed the course of my academic career. Surveying mammals with Dr. Pearl 
showed me how fulfilling fieldwork can be, and inspired me to create my own major 
in zoology and conservation through CUNY BA [a degree program for individual-
ized study]. I’m now applying to Ph.D. programs in primatology. I really wouldn’t 
be where I am if I hadn’t discovered my love [of] animal biology and ecology at the 
BioBlitz” (private correspondence, quoted with permission). Allegra’s story shows 
how taking students out of the classroom and providing opportunities for them to 
interact with scientists in a casual, personal way like they do at BioBlitz can make 
scientists and the professions of science personally relatable. STEM and non-STEM 
majors alike deserve the chance to have authentic experiences with the scientific 
process and to experience moments of discovery and genuine joy.
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At BioBlitz, students get to know faculty and scientists in ways that are not 
attainable in a typical course setting, which can open personal and professional 
pathways. But highlighting the human face of science is a useful goal in itself, espe-
cially in our age of science skepticism. In a study of public perceptions of scientists 
and trust in scientific information, Fiske and Dupree (2014) explained that trustwor-
thiness is based on competence and warmth. Fiske and Dupree found that while 
most Americans view scientists as competent, fewer view them as warm, which 
affects public perceptions: “Overall, communicator credibility needs to address 
both expertise and trustworthiness. Scientists have earned audiences’ respect, but 
not necessarily their trust.” Fiske and Dupree conclude, “Rather than persuading, 
we and our audiences are better served by discussing, teaching, and sharing infor-
mation, to convey trustworthy intentions.” Our experience with BioBlitz is that it 
serves these same goals, connecting scientific inquiry to the fabric of the city and 
students’ lives. Increased trust in science as a process and scientists as people is an 
important aspect of developing scientific literacy – a way of knowing that we insist 
they have a right to develop, no matter what their backgrounds, majors, career goals, 
or future may be.
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Chapter 12
Syndemic: Using Game-Based Learning 
to Engage Students in the Human 
Microbiome

Emma Ruskin and Tal Danino

An enormous revolution is occurring in our field due to the changes in technology: shortly, 
there will be no more culture plates but bacterial signatures based on mass spectrometry and 
minimal manual work because of automation. There will be great need to use the electronic 
tools to communicate new findings, to teach what the new technology does, and how to 
transition from the classical to the “new” microbiology. We need to keep our minds, eyes, 
and ears open, as only the future will tell what we will need to learn and teach new genera-
tions and what electronic tools we will use. Jeannette Guarner and Silvia M.  Niño, 
Microbiology Learning and Education Online, 2016

12.1 � Introduction

The average adult has over 10 trillion microorganisms located in and on their body 
(Sender et al., 2016). This staggering total is more than the number of human cells. 
Thus, the commensal archaea, bacteria, fungi, protozoa, and viruses, which collec-
tively form the human microbiome, outnumber the human cell population. Although 
it was largely believed that these microbes only inhabit and affect our gut, mucosal 
surfaces, and skin, recent research has led us to understand that our microbiomes 
play far larger roles in our health and well-being than previously thought (Khanna 
& Tosh, 2014). Disruptions of the formation and function of our microbial commu-
nities can have critical consequences for host health, including gastrointestinal dis-
orders, allergies, obesity, and stress. The composition of these microbes not only 
influences the balance between health and disease, but also are markers of our 
genetic makeup, geography, and the environments we live in (Guarner & Niño, 
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2016). In fact, research revealing the importance of the human microbiome has not 
only dramatically impacted the scientific community’s understanding of human 
health, but also environmental health and sustainability of planetary life as well. 
Many studies have shown the microbiomes of animals and plant species on which 
human civilization depend are critical for maintaining sustainable systems. However, 
much of this research on microbiomes has yet to become accessible to the gen-
eral public.

The lack of communication between scientists and the public can be seen as a 
social justice issue in light of recent studies showing that we are failing to produce 
scientifically literate citizens. Since 2000, the Program for International Student 
Assessment (PISA) has measured the academic achievement of 15-year-old stu-
dents in dozens of countries around the world every 3 years. In their most recent 
survey, conducted in 2015, PISA assessed science literacy in the educational sys-
tems of 73 countries. Although the United States spends more money on each stu-
dent’s education than most countries, students’ scores on measures of science 
literacy are below average (Kastberg et al., 2016). Smaller studies tracking science 
achievement, specifically in the United States, have found that students’ attitudes 
towards science, in addition to their scientific literacy, have significantly declined 
over the past few decades (Kelly et al., 2013). Osborne et al. (2003) recognized the 
decline and undertook a comprehensive review to better understand students’ atti-
tudes towards science. The study concluded that the decreasing number of students 
choosing to pursue science should be remedied by a dramatic pedagogical shift to 
teaching science in a more accessible rather than alienating way. For science learn-
ing outcomes to increase, students must be actively engaged in the material and see 
how their classroom learning applies to real-world situations. Syndemic, a video 
game inspired by the current research on the microbiome and its potential to engage 
students, attempts to fill this need. In this chapter, we will use the process of field 
testing Syndemic in the US and Nicaragua as a lens to explore:

	1.	 How Digital Game-Based Learning can be an innovative tool to engage and 
motivate students in science

	2.	 Lessons learned from our mission to make Syndemic inclusive and accessible to 
diverse populations in global contexts

	3.	 Ways undergraduates, as novice researchers, can have authentic real-world field-
work experiences

12.2 � Microbial Ecology and Human Health: Catching 
the Curriculum Up to the Research (Tal Danino)

As we study the coevolution of the microbiome alongside humans, we see the pro-
gression of specific microbial communities developing in different environmental 
“niches” throughout the body. As these microorganisms both impact and adapt to 
their environments, they reach a state of dynamic equilibrium, which is influenced 
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constantly and profoundly by modern society’s innovations in food, medicine, and 
agriculture. It is now widely accepted that the majority of these microbes are not 
detrimental to human health, but rather exist in a largely mutualistic relationship 
with us, in which both parties benefit from the symbiotic interaction. The formation 
and function of microbial communities changes as human lifestyle evolves and 
alters the microbial environment. Moreover, given the natural co-evolution of 
humans and their microbes, there is generally a beneficial and protective effect. 
Researchers are currently investigating how many commonly used products could 
affect a microbial balance both within the body and in the environment.

Understanding our relationships to the microscopic world is critical to guiding 
our behaviors towards the environment and ourselves. Unlike animal and plant 
diversity visible at the macroscale, the microbial world is more difficult to perceive 
with the naked eye. Yet there are profound issues caused by local extinctions or 
excessive proliferation of microbes inside humans or in their environments, analo-
gous to the loss of animals such as keystone predators or the proliferation of pests, 
deforestation, or problematic invasion of non-native plants. For example, bees are 
cornerstones for terrestrial ecosystem stability and critical components in agricul-
tural productivity (see also Snow, this volume). Honey bee population declines have 
been partially attributed to increased parasite loads which are prevented by prophy-
lactic use of antibiotics. This practice of using antibiotics such as tylosin results in 
persistent effects on both the size and composition of the honeybee microbiome, 
which increases susceptibility to opportunistic pathogenic infections, leads to 
antibiotic-resistance, and decreases survivorship (Raymann et  al., 2017). 
Understanding these complex macro- and micro- relationships is critical to develop-
ing sustainable solutions for the health of bee pollinators and across many other 
industries.

At the Synthetic Biological Systems Laboratory at Columbia University, our 
research focuses on understanding and designing the microbes within the human 
body. As principal investigator, I first became interested in bacteria as some of the 
simplest organisms that could be genetically engineered. There was excitement in 
the newly established field termed, Synthetic Biology, that focused on engineering 
new functions and behaviors in microorganisms. In one of my research projects, I 
was able to engineer some bacteria that controlled the coordination of a bacterial 
community to produce a fluorescent protein in synchrony, all by manipulation or 
‘programming’ of their DNA. We realized that because the many bacteria in and on 
our bodies are intertwined with human health, we could design and engineer them 
in the hopes of diagnosing and treating disease.

One of our lab’s major goals is to specifically understand microbes in relation to 
cancer, and engineer bacteria to detect and treat this dreaded disease. From the sci-
entific perspective, the complex interplay of different fields here is often difficult to 
communicate to many audiences. Our work includes elements of microbiology, 
human anatomy, cancer biology, engineering, and biotechnology. While doing dem-
onstrations for kids at science fairs and museums, I found that visual representations 
of our research were the most engaging. In particular, the microscopic images and 
‘movies’ we made garnered the most attention, not just for kids but also for a 
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general audience and scientists. I began to focus my efforts on making our work as 
visually exciting as possible, teaming up with artists such as Vik Muniz and Anicka 
Yi. I later did two artist residencies to focus on making visual art. It was this first 
inclusion of art with science that I found attractive to young scientists and I have 
been continuing to develop engagement and learning programs based on this 
ever since.

Beyond communicating science to the general public, developing “bioartworks” 
has become a thrust of our lab. I share the vision of our research by creating art from 
materials in the laboratory and reflect more broadly on the themes in biotechnology 
that are shaping society (taldaninoart.com). Beyond engaging with people at a fun-
damentally more profound level, the hope is that these works will allow for inquiry 
and self-reflection, connection with the human experience, and help shape dialogue 
and future policy for how science integrates with society. For example, many proj-
ects utilize soil microbes, which form collective, fractal-like patterns on petri dishes 
(one instance is a series called Microuniverse, shown in Fig. 12.1).

These images reflect on the beauty of the microscopic world and the ecosystems 
of soil health. We depend on soil for the vast majority of our foods, use it as an 
energy source, and it is fundamental to our existence. Soil can be considered in 
some ways more valuable than oil. While critical to our society, soil has become 
unappreciated in the increasingly city-dwelling world that is disconnected from the 
land beneath it. Many farming practices such as deforestation and overgrazing are 
some of the causes of degraded soil. Additionally, the use of agrochemicals such as 
pesticides that help increase yields in the short term inevitably disrupt the balance 

Fig. 12.1  Microuniverse. Various bacteria species grown on petri dishes. (Courtesy of Tal Danino)
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and quantities of microorganisms in the soil and stimulate the growth of harmful 
versus beneficial bacteria. Degraded soil now covers 15–30% of the Earth’s land 
surface, making them less useful for food and fiber production and carbon dioxide 
sequestration, which significantly impacts climate change. A broader appreciation 
of the need for soil erosion management and the development of effective legal 
frameworks are increasingly needed. By directly exploring the microbial species in 
the soil and other ecosystems, our projects bring attention to the connection between 
our collective health and that of the planet.

Similarly, in our cancer-art projects, we utilize cancer cells to print images with 
the theme of the “medium is the message.” In Colonies, we created images of man-
dalas out of HeLa cells (with artist Vik Muniz), and in Cancer Medium, screen-
printed cancer cells to explore cancer history, advocacy, and disparities. Using 
immortalized cells of Henrietta Lacks’ (HeLa) cells to create an image of a man-
dala, a symbol of life, creates a conversation about mortality and bioethics and 
allows basic researchers to connect with the patient experience on a deeper level. In 
Cancer Medium, we charted the landscape of communication surrounding cancer 
research and advocacy, where producing large poster-sized prints with cancer cells 
as the medium provides a model of integrated communication on policy and dispar-
ity. Here the artworks create conversations about researchers’ responsibilities 
regarding appropriate biospecimen consent, patient privacy, and supporting con-
crete actions to improve research participants’ rights, as was brought to light in the 
case of HeLa cells. Furthermore, they highlight disparities in cancer research that 
are known to exist across geographic regions and ethnicities. For example, certain 
ethnic minority groups experience poorer cancer outcomes, which can be due to 
factors such as healthcare access barriers, stigmatization, under-representation in 
clinical trials, cancer literacy, and cultural beliefs, all of which can delay help-
seeking and affect timely diagnosis. Here the universal language of art can tran-
scend cultural and economic boundaries to raise awareness and provide accessible 
benefits for patients.

I first learned about Syndemic when I was searching for games that related to 
bacteria in the human body. What immediately struck me about the video game was 
how attractive the visuals were and that it was fun to play. I contacted the game’s 
creator, Alex May, to see if he would be interested in collaborating to make the 
game more related to our research and to have scientific, educational value. We 
worked together to create levels in the game where bacteria would swim through the 
body to find and kill cancer cells, an aspect that was very similar to our laboratory’s 
research. In this way, Syndemic is an excellent introduction to our laboratory’s work 
and Synthetic Biology in a hands-on and interactive format. The game creates an 
authentic learning experience for students by accurately mirroring the work of our 
laboratory. While it specifically focuses on microbes swimming through the human 
body, the principles are fairly universal and could be applied to teach about micro-
biomes in other animal and plant species, as well as about microbiomes that are 
important in planetary health. Furthermore, the game teaches synthetic biology and 
biotechnological principles in the way that bacteria are engineered to produce new 
behaviors when they pick up DNA elements. Thus, it can lead teachers and 
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audiences to think about the use of microbes in applications for the degradation of 
plastics, improvement of material yields, and other biofabrication and bioeconomy 
principles. More broadly, the game embodies our teaching philosophy that science 
education is about discovery and experience rather than textbook memorization. 
This philosophy is not only relevant to our work inside the lab, but it is also what led 
me to use the beta testing of Syndemic as an educational opportunity to engage 
undergraduates out in the field.

12.3 � The Testing Phase: Bringing Syndemic to Students 
(Emma Ruskin)

Syndemic is named after a term coined in the 1990’s that refers to ways that diseases 
co-occur and interact depending on their social, cultural, economic, and geographic 
contexts. The video game takes this concept to the microscopic level by exploring 
the synergistic interactions between microbes and their environments. Using the 
concept of syndemics as a framework to explore the relationship between humans 
and the microbiome is particularly timely given the on-going COVID-19 pandemic. 
In fact, some argue that COVID-19 should be more accurately described as a syn-
demic, rather than a pandemic. Instead of viewing the spread of COVID-19 from 
solely an infectious disease lens, its characterization as “syndemic” forces us to 
acknowledge the interplay of social and economic disparities that dictate its impact 
(Horton, 2020). The COVID-19 syndemic also showcases the need for a scientifi-
cally literate population that understands abstract concepts such as prevention and 
hygiene. By making the relationship between humans and microbial communities 
visually accessible, Syndemic is a critical tool to improve our current collective 
scientific and public health engagement.

Syndemic takes place in the future where a genetically-engineered microbe has 
been designed to aid the immune system in killing bacterial infections, metastasiz-
ing cancer cells, chronic allergies, and other health-related antigens. The character-
ization of this microbe as a useful aid helping the body promotes the idea that not 
all microorganisms are harmful to human health and that many are actually helpful. 
Moreover, this format encourages players to practice building the skills of imagina-
tion and intentional creation of a desired future. Although the game is not set in the 
present reality, the graphics are scientifically realistic and accurate. Cell biologist 
and Syndemic creator, Alex May, set the game within a stylized version of the real 
microbial/immunological world that is hidden from the naked eye in order to allow 
the learning to come from gameplay itself. This approach is in direct response to 
May’s growing frustration that, “Many educational games simply ask questions and 
expect answers as if they were written exams with good graphics” (personal inter-
view, 2017).

In our mission to meet the needs most current and relevant to the educational 
community, Syndemic directly builds on the following learning objectives outlined 
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in the New York City Department of Education’s Science Scope and Sequence for 
grades 6–12:

•	 Complex and microscopic structures and systems can be visualized, modeled, 
and used to describe how their function depends on the shapes, composition, and 
relationships among its parts; therefore, complex natural and designed struc-
tures/systems can be analyzed to determine how they function (7th grade, unit 4).

•	 Living things are composed of cells. Cells provide structure and carry on major 
functions to sustain life. Cells are usually microscopic in size. Cells take in nutri-
ents, which they use to provide energy for the work that cells do and to make the 
materials that a cell or an organism needs (6th grade, unit 3; 7th grade, unit 3).

Some of the game’s visuals were closely based on images from the Synthetic 
Biological Systems Laboratory at Columbia University in order to make the world 
of Syndemic as scientifically realistic as possible (see Fig. 12.2).

In each game-play session, players choose to enter either a resistance mode or a 
transmission mode. In resistance mode, the objective is to maximize high scores by 
harvesting nucleic acids from the environment and defeating infectious pathogens. 
The player can also upgrade their character by converting nucleic acids into new 
genes, which aids in their survival, energy, speed, and weaponry. In transmission 
mode, players can enter a more story-focused atmosphere, which involves curing 
various human hosts of their diseases. The player jumps from person to person, 
fighting bacterial infections, destroying cancer cells, and preventing tissue damage 
caused by allergies. In this mode, players can collect weapons from the environ-
ment, including new experimental antibiotics and plasmids. In order to help players 
understand the relationship of the game to real-world applications, there are various 
“reality checks.” These include factual statements such as:

•	 Viruses are actually much smaller than bacteria and can range in size from 1/10 
to 1/100 of a bacterium.

•	 Bacteriophages are viruses that target bacteria specifically. They are highly spe-
cialized to attack individual strains.

Fig. 12.2  Screenshots from Syndemic. (Courtesy of Alex May)
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•	 The presence of pathogens in the bloodstream is a serious and potentially fatal 
condition called Septicemia. If untreated, it can lead to septic shock and organ 
failure.

Syndemic uses a variety of game design techniques to maximize player engage-
ment. Instead of relying wholly on statistics and numbers (such as weapon power) 
to determine the player’s “success,” the player’s reflexes and scenario anticipation 
skills are rewarded. Unlike the typical action shooter game, where pressing the fire 
button kills the target, Syndemic pushes its user to adapt to the host environment by 
requiring them to use specific tools against each antigen.

12.4 � Testing Syndemic Across New York City

In the fall of 2016, a demo of Syndemic was ready for testing. As an undergraduate 
Biology major at Barnard, I had the opportunity to implement the beta testing phase 
of Syndemic. I started by contacting schools that pride themselves on their use of 
technology since I thought that computer availability for each student to play the 
game individually would be my biggest hurdle to testing Syndemic. However, I 
soon found that the more “technologically advanced” schools were also the most 
hesitant to allow any sort of research into the classroom, even though I had obtained 
approval from the Barnard College Institutional Review Board. I was surprised to 
find that getting administrators to allow research in their schools would be a minor 
hurdle compared to getting teachers on board. I showed Syndemic to numerous 
educators and consistently heard negative responses. In trying to understand their 
reaction, I met with a team of middle school science teachers at a college prep K-12 
school on the Upper East Side. After watching a walk-through of the game, most of 
the teachers understood why kids would enjoy playing it, but did not see the game’s 
educational value. After the meeting, one teacher wrote in an email, “I don’t see 
how we could use it [Syndemic] – a lot of shooting – I really don’t see how they will 
learn about the immune system from that.” I understood their concern. Educators 
did not develop syndemic, and it was not a didactically instructive game. For exam-
ple, names of bacteria would appear when the user scrolled over them, but the game 
did not make names or definitions an integral part of the experience. Instead, the 
game immersed its users in a world that represented scientific accuracy, whereas 
most “educational” games of this type often employ cartoonish unrealistic imagery. 
The responses from teachers made me question the game’s value. Does Syndemic’s 
departure from traditional educational tactics lessen its pedagogical value? Does 
Syndemic’s use of shooting enemies engage users in the game or make it less appro-
priate for classroom use? Past research helped provide some answers. A growing 
body of academic work supports the value of games like Syndemic in educational 
contexts. This research has produced a pedagogical movement called Digital Game-
Based Learning (DGBL).
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12.4.1 � Digital Game-Based Learning in STEM Education

DGBL directly responds to mounting concern that our educational system is failing 
to provide adequate STEM education to the greatest numbers and diversity of young 
people (Snow & Dibner, 2016). DGBL defined as, “a type of gameplay with defined 
learning outcomes” has been identified as a successful educational tool that can help 
improve student attitudes towards science (Plass et  al., 2015). Researchers have 
evaluated variables in game-based learning such as gender (Papastergiou, 2009), 
level of collaboration (Chen et al., 2015), and contextual integration (Miller et al., 
2011) while measuring knowledge gained through pre-and post-game tests. These 
studies have shown that DGBL can significantly enhance overall learning and 
knowledge acquisition under testing conditions (i.e., Chen et al., 2015). Despite this 
breadth of work, a meta-analysis of DGBL studies concluded that a gap exists 
between the possible benefits of game-based learning and the outcomes being 
assessed. Li and Tsai (2013) found that only a few studies measured student engage-
ment and motivation, even though what makes digital games most appealing is their 
ability to create an enjoyable and engaging user experience. Since Syndemic is not 
a didactic game, I focused on assessing student experience and changes in learning 
motivation. This research attempts to fill the gap identified by Li and Tsai (2013) 
between the potential benefits of using digital games and the outcomes being 
measured.

12.4.2 � Designing and Implementing the Study

After my lack of success with classroom teachers, I tried another approach: after-
school programs. If teachers didn’t feel that Syndemic belonged in the classroom, 
perhaps it would be easier to integrate the game into after-school hours. This 
approach proved to be a far more effective approach. Between December and April 
of 2016, I conducted workshops with a total of 94 students at four afterschool pro-
grams affiliated with New York City Department of Education public schools. The 
groups included a STEM and arts (STEAM) program, a Kids Who Code program, 
and a general afterschool program in Jamaica, Queens. Of those 94 students, 63 
attended both workshops and fully completed both the pre-and post-surveys. Data 
from these 63 students were analyzed during our study of Syndemic.

The overall goal of the study, to assess students before and after their gameplay, 
was accomplished in two sessions at each afterschool location. Each student filled 
out an anonymous pre-survey with questions regarding demographic information 
and computer experience, including their frequency of computer use, liking of com-
puter games, and computer gaming experience. Questions were adapted from the 
Science Motivation Questionnaire (SMQ-II) developed by Shawn M Glynn (2011) 
to assess a baseline for the student’s level of motivation to learn science. Students 
were prompted with the statement: “In order to better understand what you think 
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and how you feel about your science courses, please respond to each of the follow-
ing statements from the perspective of ‘When I am in a science course…’” The 
questionnaire used a Likert scale to measure: intrinsic motivation, self-efficacy, 
self-determination, and career motivation.

After completion of the pre-survey, students played Syndemic individually for 
30 min. A week later, students played Syndemic for the same amount of time and 
took a post-survey directly after their second session. The post-survey contained the 
same measures of science motivation but excluded the background information on 
demographics and computer usage. In addition, the pos-survey measured the stu-
dents’ game playing experience. In past studies, Csikszentmihalyi’s (1975) flow 
theory has been adapted to assess gameplay experience quantitatively. Flow is a 
psychological state that is intrinsically motivating, enjoyable, and challenging. 
Bressler and Bodzin (2013) use a qualitative analysis to show that the common 
features of flow experiences are: a feeling of discovery, a desire for improved per-
formance, and flashes of intensity. The flow state can be assessed quantitatively by 
a short questionnaire developed by Csikszentmihalyi (Lester et  al., 2014). This 
questionnaire was adapted for the post-survey used in the study of Syndemic. 
Theoretical underpinnings, such as flow theory, have increased the legitimacy of 
DGBL research and allowed studies to distinguish between games that are unable to 
engage users versus games that simply fail to deliver educational content. Therefore, 
in studying Syndemic, we attempted to add to the existing literature by using previ-
ously tested methods and questionnaires. Figure  12.3 shows an overview of the 
study design and protocols.

12.4.3 � Results

The majority of the students surveyed were male (59%) and many of them were 
Hispanic (49%). Although there were significant demographic differences between 
the students in the four afterschool program groups surveyed, the Science Motivation 
Questionnaire results indicated no statistically significant differences among groups, 
motivating us to present combined data (Fig.  12.4). Students responding on the 
post-survey more frequently agreed with all statements, including questions like 
“Learning science is interesting” to evaluate intrinsic motivation, “I believe I can 
master science knowledge and skills” to evaluate self-efficacy, or “I study hard to 
learn science” to evaluate self-determination. For survey items in all three of these 
categories, post-surveys documented statistically significant increases (p ≤ 0.005), 
but items assessing career motivation were not significantly increased in post-
workshop surveys (p = 0.105). Despite these varying significance levels, all four 
measures of motivation showed increases from pre- to post-survey of a similar mag-
nitude. The mean differences (post-score minus pre-score) across all categories of 
motivation were between 0.15 and 0.26,suggesting 15–26% of all students responded 
with answers at least one integer higher on the Likert scale (0–4) after playing the 
Syndemic game (see Fig. 12.4).
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Fig. 12.3  Study design for syndemic evaluation

Fig. 12.4  Pre-and post-survey responses for all groups on the Science Motivation Questionnaire
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Fig. 12.5  Correlation between flow and student belief that online games can teach science 
(R2 = 0.303, p = 0.0360)

When looking at student engagement, investigated using an additional seven 
items on the post-survey, 67.5% of students reported “strongly agree” or “agree” 
across the full set of questions, with even larger proportions reporting agreement 
about two questions: “When I was using the game, I wanted to do as well as possi-
ble” (80.4% selected “strongly agree” or “agree”) and “I was able to make the game 
do what I wanted it to” (70.1% of students selected “strongly agree” or “agree”). 
Variation in flow scores was not explained by gender, race, gaming experience, 
computer usage, or any of the variables measured on the Science Motivation 
Questionnaire. However, as shown in Fig. 12.5, there was a significant positive cor-
relation between the way students answered the question, “Do you think you can 
learn science from online games?” and how they scored on measures of flow expe-
rienced while playing Syndemic (R2 = 0.303, p = 0.0360)

12.4.4 � Analysis

Significant increases in survey scores from pre- to post-assessment indicate that 
Syndemic can increase students’ intrinsic motivation, self-efficacy, and self-
determination to learn science. However, career motivation did not significantly 
improve from pre- to post-survey. Career motivation was assessed using statements 
such as “my career will involve science” and “learning science will help me get a 
good job.” This category aims to determine the level of relevance students feel sci-
ence has to their career paths (Glynn et al., 2011). It is not surprising that this study, 
with its limited timeframe, could not create such a fundamental shift and 
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significantly impact student responses to questions in this category. Responses to 
career-related questions may be inherently higher in variability among middle-
school students, or even in an individual student’s response from day to day. Further 
investigation, in which students have increased exposure to Syndemic over a more 
sustained period of time, could help to reveal such variability while also discerning 
whether Syndemic can potentially impact students’ career motivations. If Syndemic 
still has no impact on student career motivation after increased gameplay, additions 
to the game itself would likely be needed. Some of these changes are already in 
progress. Alex May is currently completing an updated version of Syndemic to 
address the issue of career motivation. Possible additions include pop-ups explain-
ing the jobs of the scientists who discovered each type of bacteria and more funda-
mental adjustments such as features allowing students to design their own microbes 
and experiments.

Although the majority (67.5%) of students experienced maximal amounts of 
flow, the flow scores reported by students in this study are over 10% lower than 
those found using a forensic science game called SSI (Bressler & Bodzin, 2013). 
The lower rates could be due to many factors, including differing subject matter and 
implementation settings; however, it is worth noting that, unlike Syndemic, SSI 
utilizes a collaborative game design. SSI allows students to play and problem-solve 
in small groups, while a single student can control the microbe while playing 
Syndemic. Students clearly noticed the limitations of this format, as requests for a 
multiplayer version were the most frequent suggestion written in the free-response 
portion of the post-survey. The request to create a more collaborative gaming envi-
ronment, like SSI, reflects students’ desire to maximize their own flow experience. 
Both Meluso et al. (2012) and Chen et al. (2015) explicitly tested the role of col-
laboration during gaming. The studies employed similar experimental procedures in 
which the control group played a game independently, and the experimental group 
played the same game in small groups. Both studies did not find a significant differ-
ence in learning outcomes or motivation between the independent and collaborative 
groups. However, Chen et al. (2015) acknowledge the need for further research on 
games specifically designed for cooperative play. Our goal is to make a multiplayer 
version of Syndemic, allowing for the results of this study to be directly compared 
to a collaborative game design. Testing a multiplayer version of the game would add 
to the existing literature as past studies have only tested the same game under differ-
ent scenarios.

We tested both the Science Motivation Questionnaire and flow assessment results 
for correlations to the demographic information gathered from the pre-survey. There 
was a strong precedent that gender would predict the variance in science motivation 
or flow experience because Syndemic is a science game. Females have typically 
been less responsive than male peers to many STEM education initiatives (Tsai 
et al., 2012). However, gender did not significantly correlate with either flow or sci-
ence motivation. These results are supported by numerous studies in DGBL, which 
have not found differences in how genders engage with games that create a narrative-
driven virtual environment (i.e., Papastergiou, 2009). Therefore, DGBL provides a 
uniquely inclusive approach to engaging boys and girls. However, not all games 
have been able to create equal engagement. Inal and Cagiltay (2007) found that a 
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game’s narrative is critical to allowing females to achieve flow, while the rules and 
features of a game are more significant to males’ flow experience. Therefore, 
Syndemic’s ability to create equal engagement in this study is likely a direct reflec-
tion of its narrative-driven design.

The only significant correlation identified was between flow state and students’ 
belief that online games have the ability to teach science. The more a student 
believed that games possess educational value, the more engaged the student was 
while playing Syndemic. Although Syndemic had a demonstrable impact on their 
motivation to learn science, students most often responded that games are only 
“sometimes” useful for teaching science. This hesitancy to acknowledge the poten-
tial of games as learning aids mirrors data reported by Anderson and Barnett (2013) 
on the ability of an online game to teach middle school students abstract concepts in 
physics. Anderson and Barnett (2013) found that although the game significantly 
improved learning outcomes, students did not consider playing the game to be a 
learning experience. This disconnect between the game’s potential benefits and its 
perceived value is not limited to students. I saw it firsthand in teachers’ responses 
when we asked them to consider using Syndemic with their students. Shaffer et al. 
(2005) comment specifically on this trend and explain, “there is a lot being learned 
in these games. But for some educators, it is hard to see the educational potential of 
the games because these virtual worlds aren’t about memorizing words or defini-
tions or facts. But video games are about a whole lot more.”

Our society has deeply ingrained perceptions of video games as a “waste of 
time,” notions that are undoubtedly true of some games but that must shift to address 
the proven educational value of others. Shaffer et al. (2005) argue that our education 
system must catch up with technology and stop perpetuating the harmful perspec-
tive claiming that games are only “entertainment.” These pervasive societal beliefs 
mean that it is not enough to present middle school students with games and expect 
them to be accepted, without bias, as new learning tools. Instead, schools, parents, 
and teachers must integrate DGBL effectively by helping students recognize the 
power of games as a new facet of their educational experience. Over a decade ago, 
Shaffer et al. published their piece and predicted that the next challenges to DGBL 
would be helping learning environments acknowledge the power of games and inte-
grate them effectively. The results of testing Syndemic illustrate that the challenges 
Shaffer et al. identified a decade ago are still relevant to the current climate and 
future success of DGBL.

12.5 � Expanded Testing: Syndemic Goes to Nicaragua 
(Emma Ruskin)

12.5.1 � Why Nicaragua?

I remember the cries of disgust that continued each time a new group was given the 
mouthwash. I tried to explain that microscopic bacteria live in our mouths and that 
mouthwash is a way to prevent the harmful ones from causing problems. This idea 
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was met almost universally with blank faces. On the count of three, the children 
tipped the little cups into their mouths, ridden with skepticism, and gurgled. After 
encouraging some vigorous swishing, we instructed the children to spit out the for-
eign liquid. Sometimes, the volunteers also handed out toothbrushes. These were 
met with fewer complaints, but the children’s sentiments towards them were made 
plain by the litter of toothbrushes left behind in the dirt after dismissal.

After my sophomore year at Barnard College, I volunteered with a small NGO in 
Nicaragua for the summer. I focused on executing the tasks given to me as part of 
their effort to improve hygiene among students in some of the poorest neighbor-
hoods outside of Granada. The volunteers treated any complaints like typical chil-
dren’s shenanigans and tried to hand out as much mouthwash and as many 
toothbrushes as possible. I did not reflect on this aspect of my experience in 
Nicaragua for months afterward until I found myself testing Syndemic in after-
school programs across New  York City. As I began to work with kids using 
Syndemic, I started to think more and more about the children’s repulsion towards 
the mouthwash and toothbrushes donated by La Esperanza. I realized that the chil-
dren’s “shenanigans” in response to the toothbrushes and mouthwash were not a 
nuisance to be ignored but a key for understanding why a game like Syndemic 
might be an invaluable teaching tool. The explanation I had attempted to give when 
the children asked me why they needed to use this gross-tasting mouthwash was 
accurate but wholly inadequate. Without having any conception of the microscopic 
world, talking about the role of bacteria in their bodies and environment was mean-
ingless and confusing to the children, just like handing out cups of mouthwash and 
toothbrushes. How can children be expected to participate in these critical acts of 
hygiene if they have no idea why these actions are important? How can children 
comprehend the need for these behaviors when the microorganisms responsible 
remain unseen, allowing them no conception of the microbiome?

As I began to wrap up my work with Syndemic in New York, I reached out to La 
Esperanza to see if they would be interested in my coming back again to test 
Syndemic and expand on the data gathered from after school programs in New York. 
The organization was excited to participate in the initiative, mainly because they 
had recently opened their first learning center, equipped with donated computers. I 
received funding from the Barnard Biology Department, which allowed me to 
include research on Syndemic in a larger biology education project I was conduct-
ing through Davis Projects for Peace. The game’s creator, Alex May, set to work 
devising a way to input translated text into the game, and I printed translated copies 
of the pre- and post-surveys I had used during the workshops in New York. The 
computers at the center were offline, which allowed me to download Syndemic but 
not to use SurveyMonkey to collect data, as I had done in New York. Besides these 
technological limitations, I did not foresee too many other hurdles.
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12.5.2 � Syndemic Workshops at the Learning Center

Although the organization supported the idea of my work at the learning center, the 
reality of the project was met with skepticism similar to when I was handing out 
mouthwash 2  years before. I was expecting the local staff to be excited when I 
showed them Syndemic and the other materials I had brought to use with the kids. 
Instead, I met with hesitation and confusion. Unlike many of the classroom teachers 
I encountered in New York, who were hesitant because they did not see Syndemic’s 
educational value, these educators were wary because I was treading in unfamiliar 
territory. I soon learned that children and local staff at the learning center had never 
been taught science as an academic subject. To get them on board, I needed to intro-
duce the concept of microbiology and then place Syndemic within this framework 
so that they could understand its relevance. As a novice researcher, I was learning 
on the ground that making this learning tool accessible to a new geographic setting 
would require thoughtful changes in study design to meet the needs of this cultural 
context.

As much as I wanted to gather data on Syndemic that would allow me to draw 
fruitful comparisons to the data from after-school programs in New York, I was ill-
equipped to make the major modifications needed to translate the study to this envi-
ronment. One hurdle was that the entire basis of the survey at the after-school 
programs in New York included statements like “I put enough effort into learning 
science” and “I study hard to learn science.” These pre/post surveys proved utterly 
irrelevant to the students at the learning center, who had not learned science as a 
separate classroom subject. In Nicaragua, Syndemic would need to introduce stu-
dents to biology for the first time rather than help increase engagement in science so 
that students would be more receptive to the science taught in their classrooms. 
Based on anecdotal evidence, it was apparent that Syndemic was far less effective at 
engaging children with such limited exposure to science. The kids tended to be 
noticeably less interested in the game, and the ones who did get into it made com-
ments indicating that they viewed it as a shooting game without grasping its intended 
purpose.

Moreover, written surveys proved to be an unusable form of data collection. 
Even after making substantial changes to the surveys to make the statements more 
relevant to the students’ lack of science exposure, we found that their literacy levels 
were too low to allow them to complete many of the questions. As an alternative, we 
tried recording children’s answers to questions about their experiences with the 
project using a video camera, but this approach raised a whole different set of con-
cerns. The children strictly defer to the teachers at the center. As a result, we rarely 
felt as though the children were responding honestly in their answers. It often 
seemed as though they were hoping to guess the right thing to say that would please 
the interviewer. For instance, when asking a child what they thought of the activity, 
such as playing Syndemic, the typical response was “Si (Yes),” or “Bien (Good),” 
even if their behavior during the workshop indicated that they were not engaged or 
enjoying it. Perhaps we would have found the same answers on written surveys, but 
the issue seemed compounded when the children were giving their answers looking 
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straight at the teacher holding a video camera. Upon review of the video footage, the 
only responses that differed from the above phrases involved comments about the 
game’s look. The children seemed particularly impressed by the graphics and often 
exclaimed, “Que lindo! (How pretty!)” Based on this footage, it is hard to reach 
many data-driven conclusions about the efficacy of Syndemic at the learning center.

I had never attempted to perform research outside the U.S as an undergraduate. 
Although formal data collection was compromised due to my inexperience, this was 
a critical stepping-stone in my growth as a scientist. Completing fieldwork in 
Nicaragua, I often noticed the line between volunteer and researcher becoming 
blurry. It felt impossible to be present with the children, implement a biology educa-
tion project, and observe or record useful data. When using Syndemic in workshops 
in New York, there were always other adults in the room helping to supervise and 
work individually with the kids. At the learning center, we were often alone with 
large groups of kids, making the task of assisting children in engaging in an activity 
and collecting data on that activity feel impossible.

12.6 � Concluding Thoughts

Although the conclusions that can accurately be made about the children’s learning 
gains from Syndemic are less than I had hoped, I can see my own learning gains as 
an undergraduate student. Implementing Syndemic in New York taught me many 
skills, allowing me to practice the scientific method step by step as I learned how to 
design and implement a small study. Although working in Nicaragua allowed less 
practice of the traditional scientific method, the experience gave me invaluable 
insight into the approach of a researcher trying to adapt their work to diverse set-
tings. I thought that to be consistent, I would need to make as few adaptations to the 
study of Syndemic as possible. I look back now with embarrassment that I boarded 
the plane to Nicaragua with 100 copies of the same exact survey I had used in 
New York, only translated into Spanish, ready to hand to the kids at the learning 
center. I now know that adapting research to a particular culture and context is not a 
shortcoming or limitation to my work. It is an integral part of developing research 
that is accessible and relevant to a diverse range of communities

Future study of Syndemic is critical to completing a more accurate picture of the 
game’s potential. Alex May is currently utilizing the data collected so far to create 
an updated version of Syndemic that addresses the feedback from students. Changes 
will include new levels of varying difficulty and opportunities for collaborative play. 
Long term, May explains,

My dream version of Syndemic would involve pathogens that digitally ‘evolve’ alongside 
your player, so that you must constantly mix up your strategies in order to defeat them. 
Ideally, there would be no limit to the types of enemies you could encounter, as they would 
continually adapt to your weapons and tactics. I can also envision a more 3D or perhaps 
even virtual reality version, where it would be possible to physically explore the human 
body from the perspective of a microbe. You could examine firsthand how the body gets 
infected and help the immune system fight it off at the ‘ground floor’!
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In addition to testing the efficacy of these changes, variations in the study design 
will also play an important role in future work. A big limitation of the past research 
conducted with Syndemic has been the short length of each gaming session. Our 
next step is to assess Syndemic after students have played it for longer intervals over 
a greater period of time to see if that produces a more significant effect. The impact 
of doubling the number of game-playing sessions from two to four or six will be 
compared with the current results to determine the number of times students need to 
play Syndemic for optimal benefit. Digital games can support science instruction by 
increasing student engagement and motivation when the games are appropriately 
designed and tested.
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13.1 � Framing the Issues

The literature on chemistry education over the last few decades suggests two broad 
themes. First, learning should engage students. Second, students learn more when 
they care about what they are learning. We begin by explaining our pedagogical 
goals to improve student engagement and interest. We then briefly describe the 
science of lead toxicity and its repercussions for environmental justice. This is 
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followed by the presentation of several detailed examples of teaching lead-chemis-
try with hands-on activities. We consider the ethical and legal implications of these 
activities. Finally, we curate a list of similar efforts to help instructors interested in 
using lead to teach chemistry to find appropriate references.

In providing this overview, we will address one of the book’s primary themes: 
“how to create learning experiences that foster democratic practices in which students 
are not just following protocols, but have a stake in creative decision-making, collect-
ing and analyzing data, and posing authentic questions.” Along the way, we will try to 
extract from the examples “student perspectives on what it means to engage in envi-
ronmental research and learning,” to provide some guidance on how to create empow-
ering learning experiences. John Dewey (1994, p. 10) describes the importance of 
placing learners in situations that “give the pupils something to do, not something to 
learn; and the doing is of such a nature as to demand thinking, or the intentional not-
ing of connections.” Under these circumstances “learning naturally results.”

Science is intensely creative, but some kinds of science training do little to stimu-
late creativity and foster thinking “connected with increase of efficiency in action” 
(Dewey, 1994, p. 9). Science students often blindly follow instructions without ask-
ing questions, which may make for an easy-to-teach afternoon in the lab, but can 
have poor consequences for lab reports when it becomes clear that students had no 
idea why they took the steps they did. More significantly, it runs the risk of provid-
ing “information severed from thoughtful action… [that] simulates knowledge and 
thereby develops the poison of conceit” (Dewey, 1994, p. 9). Asking students to 
tackle a question where answers are unknown reinforces the notion that we are all 
learning. This encourages humility and it reminds us that speedy mastery of already-
known chemistry does not necessarily correlate with a significant impact on devel-
oping new chemistry.

Knowledge is empowering, and we hope that our annotated bibliography of pub-
lished examples will provide interested faculty members with the necessary tools to 
incorporate these ideas into their teaching. We hope to prevent faculty members 
from “rediscovering the wheel” and free them to learn from our examples. We offer 
creative ways to empower students to do authentic work: asking and answering 
questions that people outside of the classroom want answered.

Over the past several decades, scholarship on teaching and learning in the sci-
ences has made it increasingly clear that students learn better when engaged in 
learning; the more actively, the better. Some students can sit through lectures and 
still deeply engage in problem-solving outside of class. Many others never manage 
to switch into a more active mode outside of the classroom; instead, they try to learn 
chemistry by highlighting sections of book chapters and cramming before each exam.

Many fields of human endeavor rely on authentic experiences in which trainees 
work alongside skilled tutors. Dancers and musicians learn to dance and play music, 
respectively, through lessons in which they dance or make music and receive feed-
back and corrections—and then dance or make music again in an iterative process 
through which they become better dancers or musicians. Similarly, plumbers and 
electricians learn via the apprentice model. They connect pipes and wires as they 
learn. Medical professionals receive extensive clinical training. Active learning 
strategies in science similarly provide an iterative process in which science students 
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do science and solve problems in the presence of an expert who can coach and guide 
them. Our efforts in teaching lead chemistry aim to provide an active approach to 
early college chemistry education. Our approach is designed to improve student 
engagement and understanding and foster a more inclusive learning environment.

The literature on collaborative learning v. competitive learning is vast and com-
plex and defies simple categorization. In our experience, creating a classroom that 
fosters democratic practices by encouraging students to work together, discuss 
problems, and share strengths to solve them creates a more just and inclusive 
community.

A recent book, Teaching across cultural strengths: A guide to balancing inte-
grated and individuated cultural frameworks in college teaching (Chávez & 
Longerbeam, 2016, p. xx), was designed to serve as “an incremental and pragmatic 
guide for faculty to transform teaching practices for the purpose of inclusively 
drawing from a balance of cultural strengths to enhance student learning over time.” 
In it, Chávez and Longerbeam (2016) state:

What matters most to student learning, success, and increased retention and graduation 
rates is for faculty to teach from a strengths-based approach. Strengths-based approaches 
begin with recognizing cultural and other strengths that students bring to higher education 
and to their own learning. These approaches cultivate and draw on student strengths to 
engage and facilitate inclusive learning and are derived from positive psychology and social 
work. (p. xiii)

Asking students to use their burgeoning knowledge of chemistry to think about the 
stocks and flows of lead in the environment and how lead exposure impacts human 
health provides opportunities for many different strengths to be validated in the 
classroom, including problem-solving skills, practical knowledge about how things 
work, and social justice issues inherent in the historical and current development of 
urban landscapes.

13.2 � The Chemistry of Lead Toxicity 
and Environmental Justice

Lead has no known beneficial role in humans. Lead substitutes for zinc or calcium 
in the body, disrupting a host of essential functions. Lead, zinc, and calcium most 
commonly are found as the +2 ion. All three elements have full electron shells or 
subshells in their ionic forms and have similar chemistries. Their ionic radii are also 
similar (Godwin, 2001). Lead can be found in most parts of our environment, 
including soil, water, air, and homes. Lead enters the environment through indus-
trial emissions, deposition from leaded gasoline, contaminated former lead smelt-
ers, paint in older homes, and soils where older homes have been destroyed. Lead 
exposure also comes from drinking water contaminated by lead corrosion in 
plumbing.
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Lead can enter the body through inhalation, ingestion, or exposure through the 
skin. Once lead enters the body, it is distributed through the bloodstream and can 
harm numerous organs. Lead’s effects on individuals vary based on amount, dura-
tion, and timing of exposure. Lead poisoning can damage the brain and nervous 
system, impairing learning and memory. Lead exposure is especially harmful to the 
brains of developing children. Early childhood exposure to lead has been linked to 
decreased IQ, learning difficulties, behavioral problems, and growth delays. Children 
and infants experience deleterious effects following lead exposure levels well below 
those at which adults show effects. However, lead can also damage the cognitive 
abilities of adults. In extreme cases, lead poisoning can cause seizures or even death. 
Childhood lead exposure has profound development and learning effects. However, 
the mechanism(s) by which it exerts these effects on the brain are yet to be fully 
understood (See Ordemann and Austin (2016) for a discussion of potential mecha-
nisms by which lead can be linked to neurological impacts). There is no known safe 
level of lead: the current Centers for Disease Control and Prevention (CDC) refer-
ence level for blood lead in children is unsafe at 3.5 micrograms per deciliter (ug/dL).

Historically, lead exposure was widespread. In 1970, more than 2000 children in 
New York City were found to have blood lead levels of 60 ug/dL or higher—severe 
enough for hospitalization. Advocacy by parents, community organizers, and health 
care providers led to a wide range of local, state, and federal policies, including banning 
lead from gasoline (in 1976) and paint (first locally in New York City, then nationally in 
1978) and reducing allowable levels of lead in plumbing over time. As a result of these 
and other changes, including reductions in industrial emissions and controls on con-
sumer products, the proportion of children with elevated blood lead levels declined dra-
matically. Although these policies are perceived as a public health success, they may 
also be viewed as an environmental justice failure. Today, low-income and children of 
color living in pre-1978 housing are most likely to have elevated blood lead levels.

Although most children with significantly elevated blood lead levels are exposed 
to lead in paint, dust, or soil around their homes, lead in water remains a concern, 
particularly in historically disadvantaged communities. Flint, Michigan, has been 
dealing with lead levels above the EPA’s action levels since the decision was made 
in 2014 to switch to a less expensive source of public drinking water. Average blood 
lead levels there reached about five ug/dL in children younger than 5 years old. In 
Flint, a city of 98,310, 41.2% of the people live below the poverty line. The median 
household income is $24,862. 56.6% of the residents are African American. Newark, 
NJ faces similar problems and again represents a less white and less wealthy demo-
graphic than nearby areas in the state where lead levels are much lower.

Childhood lead exposure provides many opportunities to explore the causes and 
consequences of environmental injustice. Academic institutions increasingly 
emphasize helping students understand and address social inequities. For example, 
Barnard College’s Diversity Mission Statement recognizes that the success of the 
institution’s mission, which is to “rigorously educate and empower women, provid-
ing them with the ability to think, discern, and move effectively in the world … 
depends on the extent to which our community is diverse, inclusive and equitable 
(Barnard College, 2017).” In addition, “[o]ur definition of diversity encompasses 
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structural and social differences that form the basis of inequality in our society, 
including race, ethnicity, gender, sexuality, socioeconomic class, disability, religion, 
citizenship status and country of origin” (Barnard College, 2017). Teaching chem-
istry students why and how environmental toxins disproportionately affect histori-
cally disadvantaged communities connects science students to our institutional 
mission, which we hope resonates with many readers.

Just as the brunt of lead poisoning falls on low-income communities in the US 
(Mielke et  al., 1983), in the global context, lead poisoning is most severe in the 
middle- and low-income countries. In countries with improper waste disposal, such 
as Senegal, people are at risk of lead poisoning from battery recycling. Artisanal 
mining activities may expose workers and their families to dangerous lead levels. 
The Institute for Health Metrics and Evaluation (2019) puts the number of annual 
deaths worldwide from lead exposure at more than 900,000. Integrating information 
on the causes and consequences of lead poisoning into a chemistry course allows 
students to understand the real-world impacts of what they are studying. Not all 
students report more interest in a scientific topic when they see its applications, but 
many do, and those that do often value inclusivity. In any case, connecting abstract 
and concrete topics is a skill all scientists need.

13.3 � Detailed Teaching Examples

The most widely-disseminated model for active learning using lead chemistry and 
the consequences of human lead exposure was funded by the HHMI professorship 
program and carried out by HHMI professor Hilary Godwin when she was on the 
chemistry faculty at Northwestern University. Godwin developed a summer course 
for Northwestern students from groups underrepresented in the sciences. These stu-
dents worked with her and a postdoctoral fellow to measure lead in Chicago’s soil. 
Her Undergraduate Success in Science (USS) students sampled soils in the Chicago 
area and did outreach in local communities to inform people about the dangers of 
lead exposure. Godwin was, at the time, one of the foremost researchers in lead 
biochemistry, and the close intellectual connection between her research and this 
project infused it with vitality. (Her work on this project is briefly mentioned in 
Godwin & Davis, 2005).

13.3.1 � Small Project-Based Course for Incoming Students: 
A Bridge Course

Several years after Godwin’s work, Austin emulated it with a similar course at Bates 
College, working with a small group of students who hailed from groups or back-
grounds underrepresented in the sciences (e.g., first-generation college). Students in 
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the course were participants in a bridge program, initially funded by the Howard 
Hughes Medical Institute (HHMI) to facilitate the transition of students with back-
grounds not well-represented in the sciences, into the intellectual and cultural life of 
the college in the summer before they matriculated. Bates College students in this 
summer course measured lead levels in the soils in Lewiston, Maine, an old Franco-
American mill town with the highest levels of lead poisoning in the state. Austin 
was inspired by Godwin’s work and similar work by the environmental soil scien-
tist, Samantha Langley-Turnbaugh, then at the University of Southern Maine (USM; 
see annotated bibliography for more information on her work), both of whom had 
demonstrated the power of this topic to broadly engage students.

Several aspects of the Bates College course were very successful. The students 
learned how to use ArcGIS and hand-held GIS devices to record locations where 
they took soil samples. Later, they plotted lead levels on a map of the city and over-
laid that with data from the Maine CDC documenting the number of reported cases 
of elevated blood lead levels by census block. The students learned how to make 
calibration curves and convert the amount of lead in ppm as measured by induc-
tively coupled plasma-optical emission spectroscopy (ICP-OES) and the percentage 
of lead by weight in soil. They set up and ran the ICP-OES, gaining exposure to a 
sophisticated instrument that illustrates basic principles of atomic structure that can 
be difficult for students to grasp.

A colleague (Holly Ewing) created an excellent exercise for the students on sam-
pling. She described a hypothetical environment—a lot with a house on it—and 
asked them to develop a sampling strategy to determine the concentration of lead in 
the soils on the property. Students typically had no prior experience designing sam-
pling strategies. They had to develop a sampling strategy relying only on their intu-
ition and prior experiences about how something like lead might be distributed in 
the world. After developing a sampling strategy, students were taken into an empty 
classroom where Ewing had laid out the scenario she described, using loose sand to 
represent the lead in the soil. It was immediately apparent to the students that the 
lead was distributed very heterogeneously. Chance would determine whether their 
sampling strategy would detect the existing lead. This emphasis on uncertainty—an 
idea undergraduate chemistry students often do not get to think about—ran through 
the whole class. Students also tested their methodology against an authentic stan-
dard, working through the calculations that would enable them to assess how repre-
sentative their sampling protocol would have been.

The students in the class created a map with approximately 40 soil lead measure-
ments. The map also contained data on soil lead levels from local community gar-
dens previously collected by a Bates student and publicly available data on 
lead-poisoned children. Students got to appreciate the complexity of policy efforts 
to mitigate lead. Some students associated with the class volunteered to be part of a 
neighborhood notification program, warning residents about the dangers of lead 
exposure during demolitions of old buildings. The city was demolishing abandoned 
buildings in a revitalization effort but did not have the resources to warn nearby resi-
dents of the potential risks that dust from these demolitions might pose. Class mem-
bers also met with a local landlord, who permitted the class to sample some of his 
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properties. There were no clear patterns in the data. In general, almost all of the 
samples had lead levels below the EPA action level and lower than those in the more 
industrial city to our south, Portland, Maine.

At the end of the semester, the class hosted a community discussion about the 
data. It was not framed as a presentation, because the class members did not feel that 
they had the answers; rather, community members were invited and shown what had 
been learned. Among the people who came was a local congressperson who was 
unfamiliar with the lead problem. She later co-sponsored a bill dealing with lead 
poisoning and pointed to our discussion as formative.

13.3.2 � Large, General Chemistry Courses

Another example provides a contrast to the small, immersion-type courses described 
above. Recently, Ann McDermott and her teaching assistants implemented an initia-
tive in which all 197 students in a general chemistry lecture course were invited but 
not required to participate in measuring the lead content in playground soil in the 
vicinity of Columbia University’s Morningside campus. As a class, they would con-
struct a collective dataset and create a larger picture of the lead situation. Students 
were invited to write one-page proposals about lead in the environment, including 
health implications, sources, remediation, or detection, including primary refer-
ences. The topic was introduced in lectures and used to illustrate course material 
through in-class and homework problems.

The analytical chemistry of lead has strong connections to the content of stan-
dard introductory chemistry courses and provides an excellent vehicle for illustrat-
ing many of the general principles of a first-year chemistry course. Analyzing the 
presence of lead in the environment illustrates the atomistic and chemical view of 
the material world. It makes extensive use of atomic symbols and refers to isotopes 
in a practical sense because the various isotopes of lead have distinct origins and can 
be used to trace lead’s source. The approaches used to uniquely identify the pres-
ence of lead make practical use of line spectra. Atomic absorption spectroscopy can 
be used for a quantitative determination of the amount of lead. These techniques 
make a practical connection to more abstract aspects of the general chemistry cur-
riculum, specifically spectroscopy and quantum mechanics. They also reinforce 
concepts related to the periodic table and periodicity in terms of characteristic prop-
erties, such as ionic radii, and preferred charge or oxidation state. When bioavail-
ability of lead is assessed in terms of solubility in acidic buffers, these studies can 
additionally illustrate kinetics, equilibria, pH, and redox chemistry. Biological 
aspects of lead can be wonderful vehicles for illustrating coordination chemistry. It 
also provides numerous opportunities to solve multi-step, quantitative problems.

These activities have the potential to expose students to resources and learning 
opportunities that exceed those typically offered in the general chemistry curricu-
lum. For example, students are exposed to literature search strategies and structured 
critical reading of the primary literature. They participate in the creative selection of 
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a problem and its justification in terms of fundamental discovery, planning research, 
exploring practical impacts, deepening their current understanding, developing test-
able hypotheses, selecting experimental techniques, implementing a sampling strat-
egy, and using estimates and prior data to select experimental conditions. Students 
also gain experience with specific research skills and bench techniques and learn 
more about reproducibility and the importance of controls. They participate in data 
and error analysis and have an opportunity to consider over-interpretation and infer-
ence from data. They learn about strategies for sharing data, scientific writing, and 
presenting.

McDermott and other members of her teaching team compared their perceptions 
and intentions with student feedback and student choices. The project goals, as 
elaborated above, were that these active learning assignments would require student 
initiative and provide students with the opportunity to select a topic of personal pas-
sion and current societal relevance—thus creating a context that was authentic for 
each student. McDermott hoped that this segment of the course would be goal-
oriented and topically focused, in the way that the practice of scientific research is, 
and provide students an opportunity to see operational applications of and connec-
tions among the wide breadth of topics presented in a survey-style introductory 
chemistry course.

Student response was assessed through participation rates. Both the research 
paper and the experimental research on environmental lead were optional. They 
were among several mechanisms for obtaining participation points in the course (a 
small increment of their total grade). In the context of their academic schedules, 
these choices competed with other more exam-pertinent activities. Nevertheless, 
43% participated by writing a paper regarding lead or collecting data on lead in the 
local environment. (Dropout of the class overall was less than 5%.)

How did students perceive this activity? What aspects interested the students in 
this activity? Over 90% of the class participated in a feedback survey about these 
choices. Were their reasons for participating similar to McDermott’s intentions in 
presenting the option? Most students who participated in the lead research project 
expressed a passion for the topic, civic commitment, or cited the importance of 
hands-on learning. Several students explained that they were motivated by the pos-
sibility of additional face-to-face contact with the professor. Many who participated 
in the lead research paper stated an interest in the intellectual challenge of writing 
about science and using library materials. Many also cited engagement with the 
specific topic, civic engagement, or connecting the class material to the real world.

The students’ experiences and comments echo some of McDermott’s original 
intentions that the experiments and the research would allow students to pursue a 
passionate interest. Students also saw the research paper as an opportunity to 
strengthen a broader set of discipline-relevant skills. In addition, student feedback 
highlighted that these “crowd-sourced” data studies could be socially engaging 
cooperative endeavors. This finding provides an exciting opportunity for follow-up 
pedagogical interventions.

What concerns did students have? Those who did not participate in either the 
research paper or the experiments cited time management as their top reason for 
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avoiding the selections (some commented that they would have been interested in 
principle). Some cited a perception that the topic would be too advanced, and a 
handful stated that they had little interest in this specific topic. Indeed, the practical 
challenges regarding time management and student perceptions of the challenge are 
essential considerations for course planning and communication. Other vital ques-
tions will be valuable to address in future efforts. Is there a correlation between high 
educational gains and classroom integration of societally relevant chemical studies?

Austin reinforced the notion that it is possible to do project-based activities in 
large introductory chemistry lecture classes. She taught a semester-long project-
based lab developed by her colleague, Tom Wenzel. The lab was part of a two-
semester introductory chemistry sequence with an environmental focus that they 
co-developed. In this class, students planned, carried out, and analyzed the results 
from an experiment to answer the question: “Does acid rain mobilize lead from soils 
and lead to its uptake in plants?” Wenzel (2006) describes this project. Introductory 
chemistry students worked in small groups throughout the semester to do this proj-
ect. Lab hours were somewhat flexible. Students came to the greenhouse to water 
their plants when needed, and they spent time planting and harvesting. These were 
not typical introductory chemistry lab activities but were required to determine if 
acid rain mobilizes lead from soils and leads to the uptake of lead in plants. The 
end-of-semester results were often inconclusive and not statistically significant. 
Wrestling with uncertainty is one of the most fundamental aspects of the practice of 
science and yet we often try to shield young chemistry students from encountering 
it. However, by shielding students from uncertainty, we reinforce the notion of an 
omnipotent perspective and, perhaps unintentionally, make science seem less inclu-
sive than it is.

13.3.3 � Non-majors Course Without a Laboratory Component

“Jazz of Chemistry” is a chemistry course offered at Barnard College targeting first-
year students. It surveys chemistry in everyday life, from forensics to poisons to 
food chemistry. This course also satisfies a science requirement in the core curricu-
lum, “Foundations.” The course does not include a lab and does not serve as a pre-
requisite for other science classes, nor does it fulfill requirements for medical or 
other health professional schools.

Students’ background in this course varied from a post-baccalaureate biochem-
istry major to a general studies student with a minimal chemistry background. The 
majority of the students in the class were first-year students fulfilling one of the 
science requirements. Students were assigned a project on the Flint Water Crisis 
during the semester. Students could choose which type of project they wanted to do: 
a video presentation, a play with the topic as the theme, or a small group presenta-
tion. Students chose to do small group presentations, focusing on different aspects 
of the crisis: background information about lead, the Flint Water Crisis, and reme-
diation steps. Each student also submitted a written report with references.
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Students researched a wide range of subjects, including government involve-
ment, how the event affected the population of Flint, and the possibility of cures for 
lead poisoning. Students also researched information about the age of water pipes in 
other cities and how to avoid this type of crisis in cities with older infrastructures. 
This project was ideal for first-year students to develop a bigger picture of what 
goes on in situations like the Flint water crisis. The project also enabled students to 
be creative. One of the students presented their report on background information 
with all the characters involved using a Playbill.

The students learned precautions to prevent consuming tap water contaminated 
with lead, when the water coming from the tap would contain the highest lead lev-
els, and how drinking water is treated before distribution. In summary, this project 
successfully fulfilled the objectives of a course like Jazz of Chemistry, where the 
emphasis is helping students see a global picture that links chemistry to significant 
social issues. The course also emphasized cooperative learning, professional pre-
sentation, and scientific research and writing.

13.4 � Responding to the Legal and Ethical Implications 
of Lead Assessment

Because of health, legal, and economic issues associated with lead contamination, 
students need to be respectful of uncertainty and understand the ethical complexity 
of the issue. Program designs also need to comply with pertinent laws. Partnering 
with local community groups, health care providers, and government agencies can 
help contextualize student findings.

There are a number of particular ethical and legal issues to consider when stu-
dents engage in assessments of people’s homes and community environments. This 
applies to all assessments—visual, survey, or sampling—particularly when testing 
for lead. First, students need to appreciate the residents’ tenure (renters/owners), as 
well as their economic, cultural, and political circumstances. Renters are often 
rightly concerned that any information or action related to housing quality could 
lead to conflict with their landlord and possible eviction. Although there may be 
legal protections against retaliatory eviction, in reality, these protections may not 
hold. The Hippocratic Oath of “first, do no harm” is an important reminder to stu-
dents and faculty to take every precaution that their involvement with someone’s 
housing situation does not cause unintended adverse effects. Precautions include 
providing referrals to free legal resources, sharing information in ways residents can 
understand, supporting follow-up actions or questions, and being clear with resi-
dents about potential outcomes of having additional information about their housing 
quality—before testing. Although these issues are most clear for renters, low-
income owner-occupants may have concerns that identifying hazards will obligate 
them to make repairs they cannot afford. Information about lead hazards may also 
lower their home’s value, cause conflicts with neighbors, or create conflict within 
families about appropriate courses of action. It is also essential to recognize that 
lead may come from many sources in addition to paint, dust, and soil around 
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pre-1978 housing. Children may be exposed to lead in water, from their parents’ 
jobs, consumer products, traditional medicines, legacy industrial contamination, or 
other sources. Any housing assessment or intervention is an opportunity to raise 
awareness of all these potential sources of exposure.

Second, it is essential to recognize that lead is a highly regulated hazard with 
unique legal and health implications. For example, the federal disclosure law 
requires owners who have “knowledge” of lead to disclose or report this informa-
tion to any future renters or buyers (EPA, n.d.). It has not been clearly established 
by law whether this applies to a positive reading for lead using a home test kit, but 
the argument could be made that any evidence of lead triggers the disclosure law, 
potentially affecting the resale value of the property. Finding lead in a home may 
encourage residents to test their children for lead; if they are found to have elevated 
lead, this may empower the family to prevent further exposure. It may also trigger 
intervention by the local health department. Renters may pursue legal action against 
the property owner. Finding a potential lead hazard may cause the property owner 
to do renovation work to address the hazard (e.g., fixing peeling paint), which can 
reduce future exposures. However, if such work is not done carefully using lead-
safe work practices, it is easy to generate lead dust, creating an even more severe 
hazard. The EPA requires people who are paid to disturb paint in pre-1978 housing 
(including DIY landlords) to have Renovation, Repair and Painting Program (RRP) 
and EPA certification precisely to avoid creating lead hazards during renovation 
(EPA, n.d.).

Third, and perhaps most concerning, is the potential for false negatives. Any test 
may yield a false positive (indicating lead when there is no lead) or a false negative 
(indicating there is no lead when lead is present). In the latter case, residents may be 
falsely reassured that their house is lead-safe, and fail to take precautions such as 
lead-safe cleaning and work practices during renovation, keeping children from 
chewing on walls or window sills, covering bare soil, and using walk-off (dust) mats 
at entrances (See Korfmacher and Dixon (2007) for more information on the reli-
ability of spot tests for lead; also see Waggett et al., n.d.). A false negative for lead 
may increase the potential for poisoning a child. Clear and thoughtful communica-
tion about the many uncertainties involved in lead testing is critical, particularly 
when community residents or groups are involved.

Fourth, students tend to overreach in the conclusions they draw as they begin to 
study lead chemistry. They may assume that any child with elevated levels of lead 
in their blood will have a lower IQ than they would have otherwise and may not 
recognize the impacts this implication could have on affected families. Instructors 
must remind students that a statistical association between two variables does not 
mean we know precisely how lead exposure will affect a given individual. Sharing 
information about the potential lifelong health and behavioral impacts of lead on 
children can deeply upset parents and community members. Partnering with local 
health departments, health care providers, or housing agencies to provide appropri-
ate context, information about uncertainty, and follow-up action can be helpful.

Finally, talking about social justice issues in the classroom requires a skilled 
facilitator. College science teachers may not be trained or experienced in moderat-
ing such difficult conversations. It can be helpful to lay out some guidelines for 
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talking about racism, equity, and justice at the beginning of the class, particularly 
since their colleagues and community members may have very different life experi-
ences and perspectives. It is important to remind students to remain humble and 
acknowledge how much they do not know about diverse communities’ experiences 
and multidisciplinary perspectives. It can be challenging to balance this message 
while encouraging students to become as confident of their basic scientific skills as 
quickly as possible.

These are just some of the ethical, legal, and economic factors to consider before 
embarking on environmental assessments, particularly those that involve testing 
housing or other community environments for lead. Each of these issues may be 
fodder for rich discussions about how to prevent, mitigate, or address such real-
world complexities and how these principles may apply to other kinds of citizen 
science. Colleagues in social sciences, humanities, or student services can assist in 
fostering constructive and respectful discussions of such difficult issues.

13.5 � Conclusions

Teaching chemistry through the lens of urban lead hazards and children’s environ-
mental health provides an opportunity to connect fundamental concepts in chemis-
try to social and environmental justice issues. This problem-based approach creates 
multiple opportunities for real-world and community-engaged learning experiences 
for chemistry students. We hope that the examples provided in this chapter and 
included in the annotated bibliography will provide foundational information on 
which interested science educators can build authentic classroom and laboratory 
experiences that respond to the strengths and needs of their students, as well as their 
local community contexts and partnerships.

Annotated Bibliography
The annotated bibliography primarily contains examples of published cases that use 
lead chemistry to engage students. It also includes some valuable readings to help 
create ethical and authentic classroom and laboratory learning experiences.

Bachofer, S J. (2008). Sampling the soils around a residence containing lead-based 
paints: an X-ray fluorescence experiment, Journal of Chemical Education, 85(7), 
pp. 980–982, https://doi.org/10.1021/ed085p980

The goal of Bachofer’s experiment on soil was student exposure to sampling 
and X-ray fluorescence. The students collected samples from the soil around 
a residence with known exterior lead paint. The students determined exact 
sampling locations based on the EPA’s Lead-Safe Yards information. Lead 
content was determined by X-ray Fluorescence. They analyzed their samples 
by averaging four generated spectra. The average lead values from the soil 
were then juxtaposed with the EPA’s standards (preliminary remediation 
goals) and a background sample. To connect back with the community, stu-

R. N. Austin et al.

https://doi.org/10.1021/ed085p980


239

dents drafted letters to the homeowner. The layout of the experiment allowed 
for the practical application of environmental chemistry, community engage-
ment, student problem solving, and decision making.

Breslin, V. T. & Sañudo-Wilhelmy, S. A. (2001). The lead project: An environmen-
tal instrumental analysis case study. Journal of Chemistry Education, 78(12), 
1647–1651. https://doi.org/10.1021/ed078p1647

Breslin and Sañudo-Wilhelmy describe a course in environmental instrumen-
tal analysis focused on teaching techniques and engaging students in original 
community work. Students were given preliminary articles on lead and the 
environment. From this point, students engaged in problem definition, sam-
pling design and statistics, analytical and instrumental principles, sampling 
protocols and field sampling, sample preparation and analysis, data analysis 
and interpretation, and final report and presentation. Each step included a 
lecture and/or active learning portion, in which students were given the tools 
for the work ahead. The students did fieldwork in a suburban area, testing the 
lead levels in the soil and lead content in house paint. Analysis revealed com-
parable lead levels in the soil surrounding older homes in the New York sub-
urbs (Suffolk County, in particular) and in large cities. Finally, students 
worked one-on-one with professors to write and revise a lab report in manu-
script form, exposing them to the realities of the publication process and pro-
viding students with a fuller understanding of the research process. Students 
presented their work to the public, and homeowners who came to the presen-
tation were given information on lead levels and harm prevention. After com-
pleting the project, some students credited their enrollment in the course and 
engagement in the project as a catalyst for being hired for environmental 
analysis and consulting work.

Cancilla, D.A., (2001). Integration of environmental analytical chemistry with envi-
ronmental law: the development of a problem-based laboratory, Journal of 
Chemical Education, 78(12), pp.  1652–1660, https://doi.org/10.1021/
ed078p1652

Cancilla outlines the creation of a “problem-based environmental analytical 
chemistry laboratory and its integration with an undergraduate environmental 
law course.” This combination of environmental law and environmental 
chemistry posited some unique discussions, like the differences between sci-
entific uncertainty and legal uncertainty. It gave students the vocabulary nec-
essary to integrate the scientific and the legal. The course organized a group 
of environmental law students and one environmental chemistry student into 
simulated governmental entities, such as the EPA or the Department of Health. 
The environmental chemistry students and environmental law students were 
given the same basic information about a fictional city to introduce them to 
real-life guidelines for quality control and contextual circumstances. The 
chemistry students ran studies on water samples (generated by instructors) 
and gave their results to the law students for their argument. The students then 
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presented their cases to a board. Chemistry students gained exposure to vari-
ous tests of toxicity, including microtox experiments, immunoassay experi-
ments, solid-phase extraction, microextraction, and atomic absorption 
spectroscopy. Due to the fictional legal matter, chemistry students were 
exposed to the chain of custody forms, and law students could use mishandled 
chain of custody forms in their arguments. The quality of the data generated 
was also used in arguments before the board, which encouraged chemistry 
students to be conscientious of the data generated, as poor or unusable data 
would impact their group’s arguments. Each student was assessed based on a 
consulting report, modeled on given real-life examples of consulting reports. 
Similar to students in the Breslin and Sañudo-Wilhelmy (2001) course, the 
environmental law and the environmental chemistry students found this 
course beneficial in securing jobs in related fields.

Fillman, K. L. & Palkendo J. A. (2014). Collection, extraction, and analysis of lead 
in atmospheric particles, Journal of Chemical Education, 91(4), pp. 590–592. 
https://doi.org/10.1021/ed400589r

Environmental science students sampled ambient air to find whether or not 
lead levels in Berks County, Pennsylvania were compliant with National 
Ambient Air Quality Standards. Through this experiment, students were 
introduced to atomic spectroscopy techniques necessary for metal analysis, 
learning the importance of the proper technique selection. Students were 
familiarized with air sampling, quality control parameters, and percent recov-
ery in a similar context to government use. Samples were collected in a glass 
fiber filter. Students tested a 1 × 2 inch piece of the filter, which was placed in 
a centrifuge tube with digestion acid. The sample was centrifuged, and the 
supernatant was collected in two aliquots. A known amount of a lead standard 
was added to one of the two samples. A blank filter was also prepared to deter-
mine an unused filter’s lead content for comparison. The samples were then 
run in a Varian GTA 100 and a Varian 220 FS atomic absorption spectrometer. 
The paper notes that this analysis could also have been done with inductively 
coupled plasma-optical emission spectroscopy or mass spectrometry. More 
advanced students analyzed the samples with anodic stripping voltammetry. 
The majority of students involved stated that they found the experiment inter-
esting. There was no noted community engagement, and the students fol-
lowed a pre-existing procedure.

Goldcamp, M.  J., Underwood, M.  N., Cloud, J.  L., Harshman, S. & Ashley, 
K. (2008). An environmentally friendly, cost-effective determination of lead in 
environmental samples using anodic stripping voltammetry, Journal of Chemical 
Education, 85(7), 976–979, https://doi.org/10.1021/ed085p976

Anodic stripping voltammetry can be used to teach students about lead in the 
environment in a lab-friendly, fieldwork-oriented way. This article is con-
cerned with introducing the technique to students in a cost-effective and time-
effective manner. The authors used pencil graphite as electrodes instead of 
more expensive glassy carbon electrodes. The students collected samples 
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from waterbeds in Ohio. They sifted, dried, and extracted the samples for 
voltammetric analysis. This experiment taught electrochemistry and environ-
mental chemistry, emphasizing the standard addition method while allowing 
students to do fieldwork. After the collection of the samples, students worked 
from an established protocol. The procedure was time-consuming, though the 
authors provide ways to run the experiment under time constraints (such as 
preparing solutions and samples in advance). The four students who partici-
pated noted that their fieldwork at the waterbeds increased their interest in the 
experiment.

Langley-Turnbaugh, S. J. & Belanger, L. G. (2010). Phytoremediation of lead in 
urban residential soils of Portland, Maine, Soil Survey Horizons, 51(4)

This article examined whether phytoremediation could be used to success-
fully remove lead from urban soil. While planting spinach in lead-contaminated 
soils decreased lead levels in soils, the decrease was not statistically signifi-
cant and more alarmingly, the levels of lead in spinach were troubling, point-
ing to concerns about lead levels in urban gardens. As phytoremediation 
might be an inexpensive strategy employed in urban settings, this article pro-
vides a cautionary note about engaging in this practice without monitoring 
lead levels in vegetables.

Weidenhamer, J. D. (2007). Circuit board analysis for lead by atomic absorption 
spectroscopy in a course for nonscience majors, Journal of Chemical Education, 
84(7), pp. 1165–1166, https://doi.org/10.1021/ed084p1165

A considerable amount of environmental lead contamination today comes 
from electronic waste. Since electronics, such as phones and laptops, are 
ubiquitous for many college students, it would be wise to include electronic 
waste in curricula when teaching environmental chemistry. Circuit boards 
from old laboratory instruments were tested for lead content using atomic 
absorption. The samples were digested and prepared for AA in the first lab 
period. In the second lab period, absorbance readings were analyzed with 
Excel. The varying colors of the solutions made a point about qualitative vari-
ability. The third lab period was a wrap-up of the analysis done on the second 
day. This experiment was designed and carried out without decision-making 
on the part of the student, and while it engaged the student body, it did not go 
beyond the lab itself.

Wenzel, T. J. (2006). General Chemistry: expanding the learning outcomes and pro-
moting interdisciplinary connections through the use of a semester-long project. 
CBE Life Sciences Education, 5(1), pp.  76–84. https://doi.org/10.1187/
cbe.05-05-0077.

This article summarizes a semester-long project-based laboratory studying 
the mobility of lead ions through the soil and into plants as a function of the 
pH of rain. The lab was developed for a first-semester introductory chemistry 
class and illustrated that problem solving and experimental design could be 
taught at the earliest stages of scientific education.
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Chapter 14
Brownfield Action: A Civic-Oriented, 
Web-Based, Active Learning Simulation

Peter Bower and Sedelia Rodriguez

14.1 � Brownfields

Brownfields are a critical concern for environmental justice and sustainability. They 
are properties, often abandoned, where the expansion, redevelopment, or reuse of 
the property may be complicated by the presence or potential presence of hazardous 
substances, pollutants, or contaminants. According to the EPA, there are presently 
over half a million brownfields in the United States, but this number only includes 
sites for which an environmental site assessment (ESA) has been conducted. The 
actual number of brownfields is certainly in the millions and brownfield remediation 
and redevelopment constitutes one of the major environmental issues confronting 
communities today. This importance is magnified by the disproportionate number 
of brownfields in economically stressed communities where revitalization is critical 
for jobs and economic growth as well as environmental justice and sustainability. 
Brownfield remediation and redevelopment have been identified as a priority by 
federal and state governments and constitute an important job focus for science, 
technology, engineering, and mathematics (STEM) workers (Fig. 14.1).

14.2 � Brownfield Action

Introducing students to the basic concepts of environmental science and justice, 
groundwater, and environmental contamination, including the authentic methods 
used to study and inclusive approaches to address environmental contamination, is 
the main goal of Brownfield Action (BA). Because brownfields are often a source of 
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Fig. 14.1  The Brownfield Action Logo

environmental toxification, they are also a concern for the environmental health and 
safety of communities, therefore civic engagement and inclusion are important 
components of BA.

BA is a web-based, interactive, three-dimensional digital space and learning 
simulation in which students form geotechnical consulting companies and  work 
collaboratively to explore and solve problems in environmental forensics as 
they engage in an organic, evolving, semester-long, laboratory exploration of a sim-
ulated brownfield and its local community. BA marries a civic-minded, constructiv-
ist approach to learning about the environmental, economic, and civic importance of 
brownfields and the toxification of the environment. Created at Barnard College in 
collaboration with the Columbia Center for Teaching and Learning, BA has been 
used for over 15  years at Barnard College for one semester of a two-semester 
Introduction to Environmental Science course that is taken by more than 100 female, 
undergraduate, non-science majors each year to satisfy their laboratory science 
requirement. BA was selected in 2003 as a “national model curriculum” by SENCER 
(Science Education for New Civic Engagements and Responsibilities), an NSF 
STEM education initiative. What makes the BA SENCER model curriculum unique 
is that it includes a significant component of engagement with the civic dimensions 
of environmental contamination interwoven with the technical investigations being 
conducted by the students (Bower et al., 2011).
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A signature feature of BA is its companion website at (Bower, n.d.) featuring 
information about BA and a guided walkthrough of the simulation. In the Registered 
Instructors section, instructors maintain profiles of their experiences with BA and 
add downloadable original curriculum materials for sharing with new BA users. 
Interested faculty can consult profiles, find and contact faculty with similar courses 
and interests, re-use or create derivative materials from the posted documents, and 
also become part of the collaborative network. A library of documents, maps, and 
images related to the simulation and its use in the classroom can also be found in the 
Appendix.

14.3 � Pedagogical Rationale

The pedagogical methods and design of the BA model are grounded in substantial 
research literature focused on the design, use, and effectiveness of games and simu-
lations in education. Benefits of a simulation approach to learning include increased 
engagement; adaptations for students with high or low prior knowledge; effective 
replacement for expensive/impractical field trips; control over the pace and direc-
tion of learning; increase in student participation over large lecture hall formats; 
effectiveness in representing complex subject matter; application to realistic situa-
tions; and the packaging of complex ideas into a consistent narrative. Much of the 
literature on computer-based simulations cited below is built upon the legacy of 
researchers such as Greenblat (1981), Lederman (1984), and Petranek (1992, 1994), 
who showed how paper-based educational simulations could motivate learners to be 
active participants in their own learning through individualized activities and imme-
diate feedback. Many researchers are actively engaged in the study of particular 
teaching and learning strategies that employ a custom-created computer-based sim-
ulation or game similar to BA (Barab et al., 2000; Barab & Plucker, 2002, 2005, 
2010; Dede & Ketlehut, 2003; Rosenbaum et al., 2007; Kim et al., 2009; Jacobson 
et al., 2009). A number of researchers have explored the use of simulation technolo-
gies in creating virtual field trips as a response to educational, logistical, and eco-
nomic constraints (Arrowsmith et al., 2005; Whitelock & Jelfs, 2005; Ramasundaram 
et al., 2005).

Simulations allow the packaging of complex issues into consistent narratives, 
which can facilitate meaning-making (Bruner, 2002; Weinberger et  al., 2005). 
Simulations have been found to be an effective way to represent complex systems 
and explore inclusive, multi-faceted socio-technical problems (Gee, unpublished; 
Squire & Jenkins, 2004; Barab et al., 2005; Rosenbaum et al., 2007; Herrington 
et al., 2007). Learners are able to understand educational content by exploring it 
within realistic situations, consistent with the principles of situated learning (Lave 
& Wenger, 1991; Barsalou, 1999; Pedretti, 1999; Barab & Plucker, 2002; 
Rosenberg, 2006).

Mayer and Chandler (2001) found that students who had more control over the 
pace and direction of educational simulations showed better learning outcomes than 

14  Brownfield Action: A Civic-Oriented, Web-Based, Active Learning Simulation



250

those who had less, or what Betrancourt (2005) has called the interactivity principle. 
Accordingly, engaging students with the educational content at hand is key. BA 
accomplishes this through the gradual unveiling of additional components as stu-
dents learn more concepts and discover more of the town and its underlying hydro-
geologic features and civic infrastructure. Student teams control the pace and 
direction of their explorations to varying degrees depending on the course level in 
which BA is implemented (Bower et al., 2011).

Some suggest that using simulations and educational games can be an effective 
way to engage the “video game generation” (Katz, 2000; Prensky, 2006). Researchers 
in recent years have also found that the learning and engagement seen in young 
people’s playing of video games, including simulation-based games, can be trans-
lated into meaningful educational gains in the classroom (Shaffer & Gee, 2005; 
Gee, 2007; Rieber, 2001; Rieber et al., 2004; Rieber & Noah, 2008; Prensky, 2006; 
Herrington et al., 2007; Van Eck, 2007; Chinn & Malhotra, 2002). Through its use 
of a complex narrative with interactive videos and maps as well as environmental 
testing tools and other game-based features, BA takes advantage of the motivational 
features of video games to engage students in the narrative of an environmental 
contamination scenario that weaves in a knowledge base of scientific skills and 
concepts.

Simulations also allow educators to move away from large lecture halls, where 
students are typically passive and increase participation through inquiry-based 
learning. However, the role of teachers in scripting and facilitating simulation-based 
activities remains crucial (Barab et al., 2000; Weinberger et al., 2005). While mea-
surable benefits of educational simulations have been shown to vary according to 
prior knowledge, the medium has been shown to positively impact comprehension, 
cognitive load, and learning efficiency (Park et al., 2009). BA is inclusive and is 
adaptable to students with both high and low prior knowledge by modifying the 
amount of prior information and kinds of assignments given to the students and by 
tailoring contextual help provided by instructors to the appropriate level of the 
intended audience. While simulations have many positive aspects, negatives in gen-
eral include the cost and expertise required for development, maintenance and 
updating., the time required for students to learn how to use the simulations and 
“buy into” its virtual reality, the inability of many simulations to deal with the ambi-
guity of dynamic, real-life situations, and the potential for some loss of control and 
flexibility on the part of the instructor.

BA is one of a small but growing number of computer simulation-based teaching 
tools that have been developed to facilitate student learning through interaction and 
decision-making in a virtual environment. In STEM fields, other examples include 
CLAIM (Bauchau et  al., 1993) for mineral exploration; DRILLBIT (Johnson & 
Guth, 1997) and MacOil, (Burger, 1989) for oil exploration; BEST SiteSim (Santi 
& Petrikovitsch, 2001) for hazardous waste and geotechnical investigations; Virtual 
Volcano (Parham et al., 2009) to investigate volcanic eruptions and associated haz-
ards; and eGEO (Slator et al., 2011) for environmental science education. These 
virtual simulations give students access to environments and experiences that are 
too dangerous, cost-prohibitive, or otherwise impractical to explore (Saini-Eidukat 
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et al., 1998). Through directed role-play, they also provide opportunities for social 
interaction and student inquiry into the human element of technical analysis and 
decision making (Aide, 2008).

14.4 � Simulation Overview

The heart of the BA simulation is a virtual world containing over 2 million hydro-
geologic data points in a three-dimensional grid representing roughly 150 acres of 
land in a virtual town. The grid points contain many different types of natural data 
including surface elevation, depth to water table and bedrock, soil or sediment type, 
and vegetation. The town has a fully-realized human infrastructure (buildings, 
roads, wells, water towers, homes, and businesses) as well as a municipal govern-
ment. There is a compelling storyline of economic development in the town involv-
ing individual people and their particular civic roles and life histories. The story 
(embedded and to be discovered in the simulation) is one of groundwater contami-
nation caused by underground contaminant plumes stemming from the failure of 
underground infrastructure (pipes and tanks). As students become familiar with the 
simulated town and the history of its abandoned plant, the students gradually recon-
struct the details of an all-too-familiar narrative. The “Self-Lume, Inc.” factory, 
which until recently manufactured radioluminescent signs, has been badly misman-
aged and factory employees have dumped radioactive materials into a septic field. A 
gas station is also discovered to have a leaking underground storage tank. Both have 
contaminated the local aquifer and the town well.

At Barnard College, students in the BA laboratory form their own environmental 
consulting companies and work in teams of two. Each team views a video that sets 
up the background narrative, in which a developer (“Malls-R-Us”) plans to bring 
back an abandoned industrial brownfield in the town into commercial use. Each 
company signs a detailed contract with a development corporation to perform test-
ing needed for a Phase I Environmental Site Assessment (ESA) of the abandoned 
factory and surrounding properties and prepares a report for the developer on the 
advisability of proceeding with mall construction. The contract summarizes the 
budget and obligations for each company as well as the goals for the semester-long 
investigation. Everything the student companies do in BA costs money and each 
company competes with the other companies to successfully complete its investiga-
tion and maximize its profit. While BA is a collaborative project, each student at 
Barnard must write and produce her own Phase I ESA report using the information 
acquired by the team. After the Phase I ESA, all student companies are hired by the 
EPA and work together in the Phase II Environmental Site Investigation, with each 
student preparing a Phase II report delineating the nature and extent of the contami-
nation. Student companies work together as detectives to develop an understanding 
of the specific roles of individuals at the abandoned factory site. They assist local 
prosecutors with forensic evidence to help build both civil and criminal lawsuits 
against the responsible parties.
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The digital space and supporting materials draw the students into a “real” inte-
grated world with several mysteries to be solved. The tools required to solve these 
mysteries come from an interdisciplinary array spanning geology, environmental 
science, history, economics, civics, physics, biology, chemistry, and law. Each com-
pany must strive to obtain the maximum amount of information at the lowest cost, 
information that will help them make more important and expensive decisions later 
in the semester in order to fulfill their contractual obligations. Students may obtain 
historical and qualitative information by visiting the municipal complex or inter-
viewing community members within the simulation. They can choose from an array 
of technical tools enabling them to determine surface elevations and construct a 
topographic map, find underground tanks or pipes using ground-penetrating radar, 
collect seismic data to find depth to bedrock, or drill to determine the depth to the 
water table and to take groundwater samples. As an example of authenticity, all 
tools, for example, ground-penetrating radar, can only be used after passing certifi-
cation tests. As with any real-world professional investigation, students must keep 
in mind their budget, integrate a variety of information coming from multiple 
sources, and think strategically about the best way to run their investigation. As they 
learn critical concepts of geology, hydrology, and chemistry in lectures, students are 
required to apply this new knowledge to successfully pursue their investigation and 
to make sound scientific and budgetary choices. Finally, students research and pre-
pare a Phase III ESA that presents a plan for the remediation of the site. Figure 14.2 
shows a screenshot from the Brownfield Action software.

Fig. 14.2  Screenshot of Brownfield Action software in Site History mode
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The main learning goals for the use of the BA simulation at BC are:

	1.	 To understand the interdisciplinary nature of the scientific process and the inter-
connections between groundwater contamination, toxins, human health, brown-
fields, government, economics, and law through a real-life simulation;

	2.	 To work collaboratively in teams as environmental consulting companies and to 
develop strategic thinking while exploring and solving problems in environmen-
tal forensics;

	3.	 To overcome uncertainty and ambiguity by engaging in action planning, net-
working, and negotiation; to learn to make choices, learn from the consequences, 
and develop self-confidence;

	4.	 To develop and encourage civic-mindedness;
	5.	 To collect and analyze data, critically review relevant documents, integrate inter-

disciplinary scientific and social information, produce bedrock, topographic, and 
water table contour maps as well as site maps, and write and communicate their 
results in three, professional-level Phase 1, 2, and 3 environmental site assessments;

	6.	 To prepare these reports and fulfill contractual obligations while working within 
a budget and competing to maximize their company’s profit; and,

	7.	 To increase student awareness of the constructivist learning environment of which 
they are a part and to promote “self-renewing intellectual resourcefulness.”

14.5 � Assessment

Formative assessment strategies for the use of the BA simulation and curriculum at 
Barnard College were employed using a modified model of Design Research 
(Bereiter, 2002; Collins, 1992; Edelson, 2002), culminating in a qualitative ethno-
graphic approach using monthly interviews to determine the impact of Brownfield 
Action on the learning process. Results of these ethnographies (see Kelsey, 2003) 
showed at a high confidence level that the simulation allowed students to apply 
content knowledge from lectures in a lab setting and to effectively connect disparate 
topics with both lecture and lab components. Furthermore, it was shown that BA 
improved student retention and that students made linkages in their reports not 
likely to be made in a traditional teaching framework. It was also found that, in 
comparison with their predecessors before the program’s adoption, students attained 
markedly higher levels of precision, depth, sophistication, and authenticity in their 
analysis of the contamination problem, learning more content and in greater depth. 
This study also showed that BA supports the growth of each student’s relationship 
to environmental issues and promotes transfer into the student’s real-life decision-
making and approach to careers, life goals, and science (Bower et  al., 2011). A 
recent Barnard graduate wrote:

Brownfields was one of the most beneficial and realistic courses I took at Barnard/Columbia. 
The course is an online simulation that takes students through the thinking, writing, inter-
viewing, and sampling processes of Phase 1, 2, and 3 Environmental Site Assessments 
(ESA). Brownfields had a major impact on my job search and, ultimately, my career path. 
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Brownfields gave me the confidence and the necessary terminology and skills to tackle 
environmental consulting interviews I had along the way. I am now a Field Hydrogeologist/
Environmental Scientist for an environmental consulting firm. Brownfield Action prepared 
me for the interview process, many of the sampling techniques, and the creative mindset 
needed for tackling large-scale environmental and hazardous waste projects. Specifically, 
the interview process at many environmental consulting firms consists of questions regard-
ing relevant courses. Of course, for me, Brownfields was the most relevant! During many of 
my interviews, I was asked to explain how I would go about analyzing water, air, or soil 
quality, how to balance data or information from multiple sources (i.e. interviews, lab 
results, documents, etc.), and how to conduct an ESA from beginning to end. Finally, I was 
asked to provide writing samples. I chose to submit my Phase 1, 2, and 3 ESA Reports writ-
ten during my Brownfields course. I really think these set me apart from other candidates for 
the position I obtained because I know MANY qualified people that were being inter-
viewed. Being paired up with a lab partner with whom I formed an environmental consult-
ing company and collaborating collectively with the rest of the class has given me the 
necessary communication and teamwork skills that are imperative in this line of work. 
Furthermore, the course was taught in a way that gave just enough direction to get us (the 
students) started but not enough to eliminate the ambiguity of how to approach an ESA at a 
specific site, find contamination, groundwater contamination plumes and origins or the 
techniques necessary for analysis and removal of hazardous materials during remediation. 
It was up to the students to come up with a plan of action and discuss various strategies at 
each stage.

14.6 � Collaborative Network of Users

The BA simulation is also unique in that it has been disseminated to twelve colleges, 
universities, and high schools where it is currently being used in the classroom and 
through the development of a collaborative community of users. BA is the only 
SENCER national model curriculum with a network of faculty collaborating in a 
community of practice. Moreover, this network has adapted the original simulation 
and its related products for use with a widening diversity of students, in a variety of 
classroom settings, and toward an expanding list of pedagogical goals (see Bower 
et al., 2014).

The collaborative network of users described in Bower et  al. (2014) includes 
educators using the BA simulation to enhance environmental instruction at the high 
school level, to teach the fundamentals of hydrology and environmental site assess-
ments at an introductory to intermediate undergraduate level, and to train both 
undergraduate and graduate students in advanced courses in hydrology and environ-
mental remediation. Although many of the applications reported here apply to 
courses in STEM curricula, BA is not restricted in its utility to teaching students 
with advanced STEM skills. Rather, BA has proven to be equally effective whether 
it is used to introduce non-science literate students to basic concepts of environmen-
tal science and basic civic issues of environmental contamination (Bower et  al., 
2011) or to provide advanced training in environmental site assessments and model-
ing groundwater contamination to future environmental professionals.

BA has increased exposure to STEM education innovations and environmental 
science to historically underrepresented groups. BA emphasizes brownfields in 
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environmental justice communities, as well as increasing participation of women 
and underrepresented minorities in STEM. Schools that join the growing BA net-
work also commit to racial and gender diversity for this project. The 112 students 
who use BA at Barnard College as part of the Introduction to Environmental Science 
course reflect the overall composition of the college. Except for a few male Columbia 
students, all are women, 18% are African-American, Latina, or Native American, 
and 24% are Asian. Over 90% of these students are non-science majors taking the 
course to fulfill their science requirement. For most of these non-science majors, 
BA is their last academic contact with science. Several of the collaborators are 
inner-city institutions with significant minority populations. These include Wayne 
State in Detroit (nearly 30% Black with a significant Arab minority), California 
State University East Bay (61% female, 26% Hispanic, 11% Black, 26% Asian/
Pacific, and 16% other and international), and City College of New York (with 38% 
Hispanic, 25% Asian and 15% Black). Other partner institutions include Kansas 
State University (25% Black, Hispanic, and Asian, including a small native 
American population, and 50% women), Connecticut College (60% women and 
19% Black, Hispanic and Asian), Hofstra University (38% Black, Hispanic, and 
Asian and 53% women) and Lafayette College (47% women and 15% Black, 
Hispanic, and Asian).

14.7 � Conclusions

Environmental science education plays a vital role in preparing a highly-qualified 
STEM  workforce. Effective environmental science education requires students to 
collaboratively work together to solve complex problems. BA contributes to the 
transformation of environmental science education by the use of an adaptive and 
authentic, technology-rich collaborative learning environment that can enable tai-
lored team-based problem-solving experiences that improve learning and collabora-
tive engagement. As such Brownfield Action successfully incorporates authenticity, 
active collaborative learning, and justice in its pedagogy, as well as its user network 
of institutions and students.

�Appendix: Brownfield Simulation Materials

The following materials are available in these shared folders:

	1.	 BA Articles: Bower et al. (2011, 2014) and Kelsey Ph.D. Thesis: https://drive.
google.com/drive/folders/1LOLwdFbCXuw5aaHR-Gtfp4zgSbOTC2qI?usp=sh
aring

	2.	 Scope and Sequence for Twelve BA Laboratories at Barnard: https://drive.
google.com/drive/folders/1weQ5gzwE9LReer-GHiRn13ey08wbHiIX?usp=sha
ring
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	3.	 BA Student Maps: https://drive.google.com/drive/folders/1C4EVlv2lJIA0u
AW80MydLuBA0bhnZCQg?usp=sharing

	4.	 BA Student Phase 1, 2, & 3 ESAs: https://drive.google.com/drive/folders/1Qw
1n1Gh6v5uWbmngnmtjsQqDOpzY8D7Y?usp=sharing

	5.	 Documents: https://drive.google.com/drive/folders/1W1HFPBnlKZljdCQZme
GpjZBHCcCwxvNz?usp=sharing
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Chapter 15
Learning from the Many, Teaching 
to the Many: Applying Ecojustice 
Principles to Undergraduate Pedagogy 
in Environmental Science, Ecology, 
and Sustainability Classrooms

Mary A. Heskel and Jennings G. A. Mergenthal

15.1 � Perspectives in and on Undergraduate Classrooms

This is at least the second rewrite of this chapter – at least. It is nearly unrecogniz-
able from the first. I (Mary) am letting you in on this because, as an educator and a 
scientist, I view adjusting ideas and practices, welcoming change and diverse per-
spectives, and seeking out new ideas as part of the job. It is essential to remind 
ourselves to be adaptive, as the syllabi of our classes, curricula of our departments, 
and more broadly, our ideas on how students learn and apply knowledge often stag-
nate and age while we work vigorously to push the research of our labs forward.

Committing your teaching – through practices and content selection – to include 
authentic connections to Environmental Justice and EcoJustice can broaden the 
impact of your STEM (i.e., − science, technology, engineering, and mathematics) 
courses. While we often recognize the importance of human systems and their 
effects on ecological and environmental processes when teaching – most notably 
the impacts of climate change – it is less common for professors to expand into the 
structural inequalities of human systems and how they shape the science we practice 
and the content we deliver. This chapter encourages scientists, educators, and stu-
dents to broaden their perspectives, critique historical biases and inequities in ecol-
ogy and environmental science, and embrace the broad plurality of information 
available to us, with particular attention to the integration of Indigenous knowledge.
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15.2 � Perspectives Matter – Here Are Ours

You are about to read the outcomes of our research and discussions as a writing 
team and our individual experiences in different roles in science education and prac-
tice. I (Mary) am currently an Assistant Professor of Ecology at a small liberal arts 
college. My background as an undergraduate and graduate student at large research 
institutions where innovative teaching was not highly prioritized; as a biology 
teacher at an under-resourced urban public high school where nurturing connections 
with students, clear expectations, and active learning were valued and promoted; 
and as a research scientist learning and navigating explicit and unwritten rules that 
dictate success, informs my perspectives on teaching and mentoring undergraduate 
students. However, in my current role, I find my perspective on teaching most 
informed by the students I teach – what are their goals for the course and for after 
college as emerging adults faced with challenges that include student debt, climate 
change, and anxiety over an uncertain future? I aim to develop courses that teach 
content and transferable skills and provide a space where students feel they are sup-
ported to grow and succeed. So, I have been doing a lot of listening and learning 
(Dewsbury & Brame, 2019), adjusting and adapting, and reading to create inclusive 
learning environments (Canning et al., 2019). As an ecologist, Environmental and 
EcoJustice can help with building inclusive learning environments through enacting 
their principles, informing content, and connecting students to broader impacts.

I (Jennings) have never been comfortable in science classrooms, not in my sec-
ondary education or college education. Make no mistake. I am fascinated by science 
and observing the natural world and always have been. However, the historical lin-
eage of scientists that I have learned about in school does not include anyone who 
even remotely looks like me. I am also studying history, and while I would say that 
I enjoy doing science more, I am unquestionably more comfortable being in history. 
As a disabled and Indigenous person, I would traditionally be a subject of (or per-
haps an inconvenience to) science rather than an active practitioner. Many of the 
science classrooms I have been in stressed that we (the students) were all fundamen-
tally the same, all equals before the eyes of science. While this rather literal approach 
does serve to push back against historical ‘race science,’ it does not consider the 
different backgrounds of students and what traumas and experiences they bring into 
the classroom. This one-size-fits-all can alienate marginalized students, especially 
if the instructor does not share similar marginalized identities. I want to help change 
this approach and help create a framework for equity in science education.
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15.3 � A Role for Environmental Justice and EcoJustice 
in Undergraduate Science Classes

Environmental Justice and EcoJustice (hereafter, EJ) serve as frameworks to assess 
environmental laws, regulations and their implementation, decision-making, and 
natural resource use and distribution, with the guiding principle that there be ‘fair 
treatment and meaningful involvement of all people regardless of race, color, 
national origin, or income’ (Environmental Justice Learning Center, 2019). Broader 
definitions include the identities of gender, sexuality, citizenship, and Indigeneity 
(Pellow, 2018). Tenets of EJ as listed by delegates to the First National People of 
Color Environmental Leadership Summit in 1991 (Bullard, 1999) emphasize the 
rights of all individuals to clean, protected, and accessible natural resources; the 
political, economic, cultural and environmental self-determination of all people; 
and sustainable practices to preserve resources for future generations and others. 
Also amongst the guiding principles of EJ are (1) equity in decision-making, (2) 
transparency of and access to information, and (3) education based on diverse cul-
tural perspectives (Bullard, 1999). Those values can inform ways to teach EJ and 
incorporate it into undergraduate science classrooms through shifts in both peda-
gogy and content. As undergraduate classrooms and campuses embrace sustainabil-
ity initiatives, they must be reconciled with an EJ perspective. Sustainability on its 
own does not always explicitly address the need to repair past and current harms of 
inequity. However, many sustainability tactics borrow (recognized or not) from 
marginalized cultures and populations to improve resource use.

Exemplary case studies and ‘textbook’ examples of EJ are challenging to find, if 
existent, in practice. What gets more often observed, reported on, and studied, are 
the multitude of environmental and ecological injustices that marginalized commu-
nities have historically and continue to experience globally. While these injustices 
are widespread and deeply rooted in structural inequity (Pellow, 2018; Bullard, 
2001), they do not often emerge as a focus in undergraduate environmental science, 
ecology, and sustainability classes. In environmental science, ecology, and sustain-
ability classrooms, case studies, such as those on point source pollution in water-
sheds or deforestation of tropical forests, may not integrate discussions of the 
demographics of urban and rural areas where pollution is more common or how 
titling of land to Indigenous Peoples can serve to protect and conserve tropical rain-
forest biodiversity (Blackman et al., 2017). Rethinking case studies to include and 
apply EJ principles can serve as pedagogical innovation and as a guiding topic 
within environmental science and ecology courses.

One trove of resources that may help professors readily explore EJ principles is 
the InTeGrate community, hosted and supported by the Science Education Resource 
Center at Carleton College (SERC, 2021). This sustainability-focused community 
of educators creates and shares lessons, modules, discussion topics, and other 
resources that seek to engage undergraduate students in ecology, environmental sci-
ence, and sustainability classrooms. The goals of this interdisciplinary and cross-
institutional network emphasize the need for undergraduates to connect social 
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sciences and natural sciences through a sustainability lens, promote systems think-
ing, and approach current and future environmental issues with a problem-solving 
mindset. Resources about InTeGrate can be found online via the SERC website and 
are all open access.

Science classrooms often espouse the importance of innovation and collaboration 
to identify new information and concepts within disciplines. As teachers, we also aim 
to incorporate best practices based on data to push our pedagogy from passive lecture 
halls to more interactive active learning and inclusive teaching approaches to make 
content more accessible and center students in their learning (Handelsman et  al., 
2004). This approach can transcend to activities such as practice reading journal arti-
cles (Hoskins et al., 2011) and interpreting graphs in small groups in classes, though 
recent evidence shows a reluctance amongst students to engage in this format of learn-
ing (Deslauriers et al., 2019). Principles of EJ mentioned above – equity, transparency, 
and inclusion of diverse cultural perspectives – can reinforce many objectives of an 
authentic, inclusive undergraduate STEM classroom. Equity, as practiced in the class-
room, may translate into more student voice on the weight of assignments; democra-
tizing student-led discussions by the random assignment of roles; soliciting anonymous 
student feedback regularly to identify areas in need of improvement. Even small 
teaching gestures, such as waiting a few minutes for students to collect their thoughts 
before calling for answers, enable instructors to be more inclusive and intentional 
about who contributes to discussions can lead to a more equitable learning environ-
ment (Handelsman et al., 2007).

The principles of transparency and diversity of cultural perspectives can broaden 
whole disciplines when we think about who is historically represented as the prac-
titioners of science and which voices have emerged as dominant in their representa-
tion in texts and readings in science classrooms. Discussions on how science is 
practiced, documented, and taught can lead to new explorations of under-represented 
voices and perspectives and address implicit and explicit biases that continue to 
influence the environmental sciences (Ou & Romero-Olivares, 2019). Recently, in 
the spring of 2019, an essay published in the preeminent, globally-read weekly 
journal, Science, described how natural historians from Europe increased their spec-
imen collections in the Americas and Africa due to their travels on ships transport-
ing enslaved people (Kean, 2019). The stance and tone of the article made 
assumptions about who could be viewed as scientists, documentors, and keepers of 
natural history knowledge in the past (Kean, 2019). They strangely posed ‘discover-
ies’ as a potential side-benefit to the centuries-long trafficking and suffering of 
enslaved Africans. A response to the essay (also published in Science) by Dr. Rae 
Wynn-Grant, a carnivore ecologist, detailed the many oversights and biased per-
spectives of the essay, clarifying how the historical framing of science as for and by 
a single group of people was and continues to be damaging (Wynn-Grant, 2019). 
The editorial staff at Science would benefit from including and empowering writers, 
scientists, and editors of diverse backgrounds to question, critique, and confront 
historical and current biases in the practice of and documentation of science, as well 
as bring light to and elevate the understudied science and legacies of marginalized 
people. Democratizing science to reflect the principles of EJ requires action from 
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professors and students and from gatekeepers that include journal editors, confer-
ence organizers, funding program officers, and reviewers of grant proposals.

In the undergraduate classroom, confronting historical biases can be discussed 
and addressed through student-led projects, such as the ongoing initiative to add and 
edit Wikipedia to include more women scientists (Wade & Zaringhalam, 2018). In 
this project, students choose or are assigned scientists who do not have a Wikipedia 
entry; through readings of their work and examinations of their training and back-
ground, students create new entries accessible to all with access to the internet. This 
exercise emphasizes the individuals and teams driving the research. It centers the 
work, progress, and growth, not just the outcome. Expanding on this existing 
Wikipedia project to include individual scientists from under-represented identities 
and groups and annotating Wikipedia entries on environmental science, ecological, 
and sustainability concepts to include Traditional Ecological Knowledge perspec-
tives, are some ways to uphold and practice EJ principles through innovative 
student-focused teaching while simultaneously broadening the representation of 
who scientists are and what is considered science.

Undergraduate environmental science, ecology, and sustainability classrooms will 
also benefit from integrating topical and recent EJ case studies as a ‘hook’ for further 
examination into discipline-based concepts. Once you are attuned to climate justice 
and EJ issues, it is challenging to get through a day’s worth of news without identify-
ing how intersections of race, ethnicity, immigration status, religion, gender, sexuality, 
class, and other identities play a role in how individuals and communities are differ-
entially impacted by environmental decisions. As I taught an introductory Ecology 
course during Spring 2019, there were too many current event topics to cover thor-
oughly in a class that met three times a week! Two major monsoons hit Mozambique, 
a country that does not contribute any substantial fossil fuel emissions and is increas-
ingly threatened by more extensive and more frequent storms as ocean waters warm 
due to climate change (Fitchett, 2018). Fires rage in the Brazilian Amazon to clear 
land for ranching (Fearnside, 2015), soy farms, and mining (Sonter et al., 2017) that 
in many cases illegally and violently broach Indigenous land reserves (Blackman 
et al., 2017). Air pollution in the United States is more likely to impact low-income 
and marginalized populations, despite these groups contributing less demand to the 
production of fossil-fuel emitting industries (Tessum et al., 2019). Using EJ topics and 
case studies can engage students motivated by social justice and science, broaden 
classroom participation, and enrich the perspectives of all students introduced to envi-
ronmental science, ecology, and sustainability at the undergraduate level.

A major tenet of EJ frameworks is to uphold equity in access, protection, and 
decision-making across all groups and stakeholders, especially those marginalized 
by historical and current practices (Bullard, 2001). In this chapter, we encourage the 
integration of EJ ideals to inform and restructure the undergraduate classroom to 
promote equity, authenticity, and inclusion amongst students and faculty. We detail 
the benefits of broadening science pedagogy and pivoting from a practice that 
emphasizes single actors and sources of knowledge to a more authentic, diverse, and 
democratic representation of science. We focus on the strengths of including mul-
tiple perspectives in terms of pedagogy and sources of knowledge.
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15.4 � Strengthening Teaching and Learning by Including 
Multiple Perspectives

15.4.1 � Courses, Pedagogy, and Classroom Practice

Undergraduate coursework is often predominantly focused on content, not skills. In 
a world where surges of information flow from every screen in sight (Pennycook & 
Rand, 2019), it is more important than ever for students to practice one of the most 
fundamental skills offered by science – evidence-based critical thinking. This skill – 
basic information literacy – may be the most widely transferable amongst all prac-
ticed in undergraduate classrooms and one whose impact is felt everywhere, from 
elections to vaccination schedules (Scheufele & Krause, 2019). Instructors prioritize 
and present terms, definitions, processes, case studies, and systems, often at the 
expense of teaching process skills transferable and applicable to other courses. This 
content then is packaged into semester-long topics that become increasingly more 
specific in a hierarchical manner: Biology leads to Ecology, which leads to Ecosystem 
Ecology, or Aquatic Ecology. As a junior or senior undergraduate, students may have 
access to more interdisciplinary courses within the major – an Urban Environmental 
Science course may weave in sociology, urban planning, and climate science. A 
Sustainable Agriculture course may integrate political science, geography, econom-
ics, and plant biology. Placing these integrative courses at the end of a potentially 
grueling, years-long major sequence seems alienating and disheartening to first-year 
undergraduates who enter college enthused to learn about the syntheses and integra-
tion of ideas. For this reason, many institutions of higher education are re-thinking 
this building-block approach to better  retain and expand the number of students 
entering STEM majors (Haak et al., 2011). Especially for students motivated by top-
ics in EJ issues, integrating interests in social justice, applied and synthetic topics 
early in the course sequence may lead to higher retention in STEM majors.

Faculty may argue that the fundamentals are necessary to understand systems 
fully, and I agree. As a plant physiologist researching respiration, I (Mary) am the 
first to argue that some jobs require you to know the tri-carboxylic acid (Krebs) 
cycle! However, the traditional lecture-midterm-final format of many introductory 
survey courses does little to inspire, let alone teach students skills beyond memori-
zation and high-anxiety studying. Further, many introductory classes are composed 
of students with a range of high school science backgrounds – and this variation can 
create uneven and potentially unwelcoming educational environments (Harackiewicz 
et al., 2014). To build an inclusive classroom that values equity of experience, you 
need assignments that provide creativity and individual personal perspectives 
(Tanner, 2013). Instead of content regurgitation, students need room for expansion 
and application of ideas, independent of background content knowledge (Dewsbury, 
2019). We recommend a few of these in the following section. Introductory courses 
set the tone for a student’s undergraduate education. Over-prioritizing memoriza-
tion and high-stakes, ‘make-or-break’ exams can alienate students and create class-
rooms that lack the joy of curiosity that attracts many students to science in the first 
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place. Alternatively, assignments that address original, student-generated questions 
can elicit curiosity about the content and generate novel explorations of information.

A shift in perspectives informed by principles of EJ can enhance introductory 
and more discipline-specific courses. Decentralizing the classroom from a teacher-
centric model to a student- and team-focused model reinforces the concept that all 
voices and perspectives are valued. Classroom architecture can often limit or pro-
mote this approach – and can be the most challenging element to change; a stadium-
style lecture hall emphasizes that everyone should be focused on the board or the 
professor, not on themselves or each other as students. Bypassing this can be 
extremely difficult, and it is unlikely that many colleges and universities have the 
facilities for classrooms to be spatially decentralized. This challenge puts more 
pressure and more focus on the teaching models – how can faculty reinforce the 
concept that students themselves are the drivers of change in their studies and the 
course? How can faculty promote the message that what students bring into the 
classroom  – their experiences, perspectives, interests, and backgrounds  – are all 
assets to learn from and not deficits to work around (Montgomery, 2017)? How can 
larger introductory classrooms be re-modeled and re-configured to enhance indi-
vidual learning and build community (Dewsbury & Brame, 2019)? How can under-
graduate science classrooms be designed to include marginalized students and 
faculty authentically? These questions do not have easy answers, though lessons 
and principles from EJ may serve as a framework to approach thinking about poten-
tial solutions.

Active learning is a term that encompasses pedagogy that engages students in 
their learning (Handelsman et al., 2007). At the heart of active learning is peer col-
laboration – students working closely with other students to go through problems, 
questions, and concepts; a practice that mirrors the process of science in the field, 
lab, at conferences, or in journal clubs. Building self-confidence, relationships, and 
feelings of belonging in the classroom can be an essential aspect of learning 
(Dewsbury, 2019) that distinguishes learning in a traditional undergraduate class-
room surrounded by peers from an online degree program. EcoJustice espouses 
inclusion and democratic decision making, transparency in information, and equity 
amongst resources; in active learning classrooms, information is decentralized, dis-
tributed amongst students in small groups where they work together (Haak et al., 
2011). Active learning can meet resistance amongst students used to a more passive 
format but has proven to yield stronger learning outcomes (Deslauriers et al., 2019). 
Since earlier generations of science classrooms did not apply active learning widely, 
this newness will be not only for the students but also the professor as well – and the 
challenges will be felt and approached differently by both.

Individual and small-group active learning may also yield new approaches – by 
distributing challenges and activities to students and delivering responsibility to 
them, the diversity of perspectives, experiences, and learning styles can result in 
new ideas (Tanner, 2013). An example activity could be the development of a meta-
phor or analogy for an ecological concept like the successional development of an 
ecosystem. A sole professor might describe and teach the one metaphor that 
‘clicked’ for them, which is unlikely to resonate with students with different cultural 

15  Learning from the Many, Teaching to the Many: Applying Ecojustice Principles…



268

experiences and familiarities. Suppose ten small groups of students worked together 
to develop a working metaphor for succession to explain and teach, using metacog-
nitive practices to justify and explain their reasoning. In that case, the classroom is 
likely to develop ten distinct, potentially helpful metaphors. When studying succes-
sion, there are now many examples to draw from for reinforcement of ideas as a 
class. This practice further integrates science as a team-based effort that often yields 
diverse results that reinforce each other (or not!) and lead to future explorations that 
include more nuance and critical analysis.

15.4.2 � Sources of Knowledge

In the classroom, the instructor serves as the legitimizer of knowledge. The perspec-
tives and observations of white men are the sources of knowledge and expertise 
most legitimized in science classrooms (von Roten, 2011), (classically regarded as 
the only group capable of doing ‘Science’) (White, 2016). As historically viewed, 
science is assimilative, and knowledge sources must be made to fit within the pre-
existing framework of ‘science’ (Kimmerer, 2019). However, when considered at its 
essentials, science is based on observable evidence. Colonial biases only enter when 
we consider who is doing the observation, leading to the creation of the category, 
‘traditional knowledge,’ posited as subjective and fallible compared to ‘Western’ 
science (Mistry & Berardi, 2016). I (Jennings) will continue to use the term 
Indigenous science throughout this article, as it complicates the implicit assumption 
that science is a purely ‘Western’ concept. This assumption is to the detriment of 
science as a field. We can find numerous examples of observations that were previ-
ously deemed traditional and unscientific but later found credible and of merit 
(Bonta et al., 2017). In reality, this dichotomy between Indigenous and ‘Western’ 
science is a false one (Kimmerer, 2019); science is a value-neutral term to which no 
worldview has a monopoly (“Indigenous Science Statement for the March for 
Science,” 2017).

This stance is not, by any means, to advocate the wholescale or uncritical inclu-
sion of ‘alternative’ sources of knowledge (such as those that have recently mani-
fested in opposition/skepticism towards vaccines and as Bible-based ‘creation 
science’). Rather this greater inclusivity is intended to broaden mental models of 
who historically has done science (Nicholas, 2018). The lineage of “Western think-
ers” have never been the only ones doing science. When science instructors assume 
a universal and monolithic background of student prior experience and values, they 
alienate students who are not privy to these values, students who generally tend to 
be marginalized in any number of ways (Roy, 2018). To present Western science as 
the only standard of a completely objective, purely empirical tool can further this 
harm and alienation, especially as it intersects with personal and family histories. 
We will thus continue to use the term Indigenous Science in lieu of ‘Indigenizing’, 
as the latter may subtly imply a distinction between Science and Indigenous Science, 
which we hope to make clear are not, in fact, distinct.
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15.4.3 � Token Inclusion of TEK and Indigenous Perspectives

Though discussion of Indigenous science and Indigenous perspectives in the class-
room context has increased, such actions are nearly meaningless if Indigenous sci-
ence is seen as entirely separate and only occasionally complementary (or 
supplementary) to Western science. Inclusion only matters if perspectives of 
Indigenous science are fully integrated and respected as legitimate scientific view-
points. When concepts of Indigenous science are included in curricula, in my 
(Jennings) experience, it gets relegated to one of two categories:

	1.	 As a framing text for a discussion of science as international or transcultural. 
These concepts are never brought up again or used to challenge dominant narra-
tives or examine the science in a broader context; or

	2.	 As supplementary materials that support a conclusion that has been drawn by 
‘Western science.’

Category one approaches lack meaningful or authentic inclusion. For example, 
opening a curriculum by mentioning an Indigenous, “observation-based tradition” 
does little to challenge dominant narratives. Instead, these approaches comprise 
token moves towards innocence, towards ways to claim to value diverse perspec-
tives without actually complicating the worldview of science as a purely Western 
phenomenon (Smith et al., 2019). Category two approaches are exemplified by cov-
erage of the ‘discovery’ that hawks in Australia will carry burning branches to start 
fires. This phenomenon, originally observed by Aboriginal Australians, was only 
considered credible when the conclusions were separately reached by Western sci-
entists (Bonta et  al., 2017). This example speaks to Kimmerer’s point about the 
assimilative nature of science when the observations are remade to fit within the 
confines of Western science (Kimmerer, 2019). Observation-based traditional 
knowledge should be recognized under a broader and more holistic definition of 
science.

Though these two categories have predominated approaches to incorporating 
Indigenous science, there are ways to include perspectives and promote equity and 
critical thinking, which can vary significantly based on the scope and content of the 
curriculum. Examples of Indigenous, observation-based practices that can be 
included are the domestication of New World crops like maize, pumpkins, and pota-
toes, or exploring the rich history of Indigenous mariculture (Smith et al., 2019).

To increase the local content, examine the land you are on and its history, both in 
terms of people and the environmental ecology. Contact Indigenous groups with 
histories on the land to inform yourself and your students. Do not expect any single 
source to be the sum of all knowledge or speak for any group as a monolith, but 
remain open to the resources and histories of local experts.

Some of the foundational narratives to push back on include the view that envi-
ronments and ecosystems exist independently of humans and that the only legiti-
mate observations are those recorded via Western science methods. However, there 
are numerous counterexamples to these narratives, including:
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•	 Practices of sea level and ice level observation among Indigenous nations in the 
Arctic (Igor & Jolly, 2002)

•	 The shaping of the Amazon rainforest through agroforestry practices (Miller & 
Nair, 2006)

•	 Use of controlled burns as a land management practice in North America and 
Australia (Kimmerer & Kanawha, 2001)

•	 Timing and extent of mammalian biodiversity declines in Australia (Ziembicki 
et al., 2013)

•	 The impacts of Indigenous land stewardship and sovereignty on biodiversity 
conservation across continents (O’Bryan et  al., 2020; Garnett et  al., 2018; 
Schuster et al., 2019)

15.4.4 � Assessments That Connect Authenticity with Curiosity, 
Inclusion, and Identity

Introducing and emphasizing EJ principles and concepts in biology, environmental 
science, ecology, and sustainability classrooms may be met with some resistance. 
Traditional undergraduate classroom structures and assessments are often framed 
around high-stakes exams, with students anxiously studying to provide the single 
correct answer to each question. Any practitioner of science – especially any sci-
ence based on field observations – would cringe to think there is a single, consistent, 
predictable response for many of the variables we measure. If the answers are all 
available, what is left to explore? Further, this approach leaves little to no room for 
authentic, individualized explorations of the content that push students and profes-
sors to form new questions and ideas.

I (Mary) often fielded questions from students in an introductory ecology course 
with multiple caveats – does elevated carbon dioxide lead to more significant plant 
growth? Sure, but more so in plants that employ C3 photosynthesis than C4 photo-
synthesis – though maybe not over the long term in grasslands. And we need to keep 
in mind that elevated carbon dioxide drives climate change, which is likely to lead 
to extended drought periods and increased insect herbivory. And fertilization effects 
by elevated carbon dioxide may be limited by nitrogen and soil moisture. Also, with 
soaring rates of deforestation and fires in important ecosystems like the peat forests 
of Borneo and the Amazon, carbon loss to the atmosphere and removal from forests 
may negate fertilization effects elsewhere in the world. Oh – you just wanted a yes 
or no? Acknowledging and addressing unknowns is a challenge for many students 
in introductory science classrooms and an abrupt change from the formulas and 
standardized tests that often occupy much of students’ time as high schoolers.

Teaching STEM at the K12 and undergraduate levels should be as much or more 
about learning practices and approaches as learning content. Learning which ques-
tions to ask and how to ask them is fundamental to being a scientist, and at the root 
of these skills are curiosity and creativity. Lecture-heavy, professor-centric 
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undergraduate classrooms encourage passive learning and the messaging that stu-
dents do not need to push the conversations or question further into unknowns 
(Deslauriers et al., 2019). Training the next generation of scientists requires students 
to be comfortable knowing that not all the answers exist yet and to be confident to 
formulate and follow their own questions. This seemingly small step – to ask a new 
question and develop a way to address it – is not only at the heart of all science, but 
can be incredibly empowering to students who have been taught in a way that show-
cases science as a set of established hard facts and rules to memorize.

Traditional STEM classroom structures and formats do not emphasize or reward 
curiosity, despite it being so essential to progress in and process of science. Students 
curious about a topic may be unsatisfied with traditional assessments; their unique 
interests may not be directly covered in lectures or centered in exams or lab reports. 
Student curiosity may emerge and develop more in informal discussions, in follow-
up questions after class, or be relegated to the summer months or outside of classes 
when a select few students get to work on research projects or pursue internships. If 
we value curiosity, and want to teach in a way that allows all students to explore 
their interests and original questions, we need to design assessments that encourage, 
nourish, and support those traits. Assessments that value individual voice and per-
spective, firmly place the student in the role of knowledge-creator and scientist, 
affirming their place in the classroom, especially for students more likely to experi-
ence imposter syndrome (Kolligian & Sternberg, 1991). Further, explicitly valuing 
curiosity – in the syllabus, in assessments, and in-class meetings – provides students 
with room and freedom to explore with support and may eliminate some anxiety 
around failure in science.

Traditional secondary education can have a way of making students partition 
themselves into either humanities or STEM ‘types,’ and these trajectories often con-
tinue into undergraduate education. Unfortunately, students associate creativity 
more with humanities subjects, but STEM fields such as environmental science, 
offer so much room for creative thought. New approaches or uses of methods can 
lead to whole subfields of environmental science. Take, for instance, the use of 
increased radiocarbon in the atmosphere caused by the proliferation of nuclear 
weapons testing in the 1960s as a short timescale proxy for dating organic material. 
This ‘bomb spike’ is a measurable isotopic signature of the extensive above ground 
nuclear testing during that period; as bomb-derived atmospheric radiocarbon was 
assimilated by photosynthetic organisms, it changed the carbon isotope ratios of 
their organic compounds, which can then be used for short-term dating to track 
flows of carbon pools through plants and soils (Uno et al., 2013). A recent highlight 
of these studies examined the age of maple syrup to understand the movement of 
slow pools of sugars and carbon through trees (Muhr et al., 2016). However, one can 
not teach about the ‘bomb spike’ in comfortable scientific isolation – nuclear weap-
ons devastated cities, killed thousands, and decimated tropical, desert, and marine 
ecosystems. Our job as professors is to highlight creativity and new applications of 
methods, but we must also provide the whole context of how science emerges. 
Rather than just covering the shiny advances, we must explore and discuss the dif-
ficult and painful histories and current states.
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In environmental science and ecology classrooms, assessments that encourage 
and support creativity, curiosity, individuality, and inclusion can take many forms. 
Assessments in undergraduate classrooms should be a mix of high-, mid-, and low-
stakes, allow students to build up their confidence and understanding through for-
mative assessments, and provide opportunities for students to contribute their voices 
and perspectives (Handelsman et al., 2007). Assessments can also be areas in the 
class to emphasize the inclusion of diverse and marginalized perspectives that may 
not be showcased in textbooks by including readings or topics that integrate EJ 
concepts and perspectives. Here we provide a variety of examples that apply to 
introductory and upper-level undergraduate courses.

Mini-Quizzes. Formative assessments are not common in science classrooms – 
where semester grades are often calculated as the average of a few, large exams. 
However, research shows that providing ‘low-stakes,’ formative assessments that 
test content knowledge and understanding without the added anxiety of grades can 
improve student outcomes (Handelsman et al., 2007). In the last few semesters, I 
(Mary) have implemented ungraded quizzes at the beginning of class 1 day a week. 
Some quizzes assess content and understanding of the previous class meeting, a 
concept from reading, or a graph to be interpreted. Other questions prompt creative 
approaches to a concept – how to design an experiment around an idea, create a 
helpful metaphor for a complex topic, or apply understanding of an idea to a 
novel system.

Once students have completed the short quizzes (aimed to take 5–10 min), they 
work in small groups to compare answers and make edits and revisions based on 
consensus. This collaborative learning helps students practice explaining their 
understanding, defending their responses, and taking alternative approaches to a 
prompt. The discussion of answers in small groups can turn into a short ‘studying in 
class’ moment, since many of the quiz questions reflect the topics and difficulty of 
what students will experience in more summative, formalized assessments like 
exams. After group collaboration, we work as a whole class and share answers and 
ideas aloud for all to learn. At this point, I aim to clarify questions and concepts, 
especially when there may be more than one acceptable response. Mini-quizzes can 
be collected and checked to make sure the completed quizzes contain answers that 
students can study from; then they are returned.

Knowing what to expect on exams lowers test anxiety, and I hope the collabora-
tive answering supports student interactions that build community. Providing 
ungraded formative assessments also allows room to ‘fail,’ space to explore ideas, 
and can be a place to encourage students to challenge themselves without risk. From 
a student’s perspective (Jennings), mini-quizzes allow students to learn construc-
tively from failure without being penalized. Furthermore, they serve as a way to 
build classroom community through collaborative learning and ultimately lower test 
anxiety by increasing familiarity with materials and how the instructor asks 
questions.

Further, the mini-quizzes can be used as a pedagogical tool to introduce and 
engage large science classrooms in discussing and applying ecological and environ-
mental science concepts to EJ topics and marginalized perspectives. For instance, 
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we had recently covered remote sensing techniques in a Plant Ecophysiology 
course. I (Mary) gave students an abstract, and a summary of a remote-sensing 
paper focused on the natural resource use of forests by adjacent refugee settlements 
in Rwanda before, during, and after armed conflict in the country (Ordway, 2015). 
The mini-quiz prompted students to think of other regions and questions where 
remote-sensing methods could be used to test a hypothesis about forests and land 
use. The results of that quiz were diverse, creative, and fully integrated the methods 
while focusing on EJ issues: forest cover in urban vs. suburban regions in the mid-
west; how a large land-fill site in Mexico impacted adjacent forest cover over time, 
and who might be most impacted; changes in vegetation and development in North 
Korea at the DMZ, and palm-oil plantation expansion in Indonesia, among others. 
While applications of environmental science, ecology, and sustainability can often 
be apparent to professors, the content covered in class keeps them isolated in ideal-
ized, undisturbed (perhaps fantasized) ecosystems distinct from the current ‘real 
world.’ This inaccuracy can be discussed and confronted and can empower students 
to design questions about topics of interest. Removing grading, and the anxiety 
around it, from this challenge, unleashes more creativity.

‘Future of the field’ exploratory essay. One way to encourage student perspec-
tives is to create an assessment that values student voice and opinion. Science 
assessments (essays and exams) are often designed so that there is only one correct 
answer and approach (or at most, a few). This approach can limit the creativity of 
the classroom and does not value alternative perspectives, minimizing the potential 
authentic inclusion of diverse ideas and strategies. For a large introductory Ecology 
and the Environment course, I (Mary) developed an assessment to invite student 
opinion on the discipline. As newcomers to Ecology and Environmental Science, it 
is likely that undergraduate students can be more objective about its shortcomings 
as a discipline. While I provided base guidelines for the length and the need to 
include supporting evidence, students could approach the essay in different styles 
and cover various topics. The only prompt was: “The future of Ecology is…”.

The responses to this prompt ranged widely, capturing topics from the lack of 
Black and Indigenous People of Color and their research in textbooks, to the colo-
nialism implied by much land-based conservation research, to how zoos can provide 
conservation outreach in urban areas, to the need for a re-thinking of agricultural 
systems, and the oversight of the whole continent of Africa in many ‘global’ studies 
on ecosystem responses. In almost every essay, the current and impending threat of 
climate change was present. Overall, the essays were stimulating, thoughtful, and 
enjoyable to read while also providing students with the freedom to explore and 
organize their thoughts on the fields of environmental science, ecology, and 
sustainability.

Discussions of future developments occur at conferences and in journals - how 
we as scholars look to the future of the field, where change is most likely to occur, 
where change is most needed, what ideas are no longer valid, and so on. However, 
we rarely empower students to take on that forward-looking vantage point, even 
though they are most likely to lead the next generation of the discipline. Through 
student-centered assessments like this essay, students can engage in the intellectual 
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criticism of a field, open avenues for new ideas, and provide fresh, needed perspec-
tives without relying on a single viewpoint.

Zines. Zines are informal, cheaply produced portfolios of creative ideas and share 
perspectives and viewpoints that are less likely to be promoted by mainstream pub-
lishing. Zines can be a collection of essays and pictures with many pages or a short 
eight-panel folded brochure that guides a reader through a topic. In Ecology and 
Environmental Science classrooms, zines can be used as individual or small-group 
projects to showcase new perspectives on a topic covered (or not!) in class. Zines 
emphasize unique and novel perspectives – the goal is to create, not necessarily imi-
tate, what has been published or made previously, and for this reason can take many 
forms – cartoons, essays, photos, diagrams, character-driven, or a mix of many ele-
ments. Christine Liu (see examples at www.twophotonart.com), a science communi-
cator and neuroscientist, has produced multiple zines to communicate science ideas 
and make them more accessible to a non-science audience. I owe my inspiration to use 
zines as a low-stakes assessment to her and other science zine makers.

The mix of science, communication, art, and individual perspective that encom-
pass zines can extend into EJ frameworks in undergraduate classrooms. Unlike 
many more formalized science communication assessments that assume a certain 
standard that may not be familiar to all in the class – the production of a podcast, 
website, op-ed article, or oral presentation – zines are grounded in counter-culture 
and rejecting norms (Duncombe, 1997). Using zines as an assessment to integrate 
and communicate concepts in science may indirectly signal enhanced freedom of 
exploration to students with marginalized and underrepresented identities. Zines do 
not have a predetermined standard or model to which you need to measure against – 
a major goal of this format is to express your individuality and share amongst the 
community (Duncombe, 1997).

In ecology, environmental science, and sustainability classrooms, I encourage 
professors to keep zine guidelines loose to allow greater creativity and expression 
amongst students. This freedom can be emphasized by grading that acknowledges 
the flexibility and individuality of this format. Recently, I assigned students to form 
small groups based on topic interest (theirs to describe and choose, with an associa-
tion to the content covered in class) and create an 8-panel zine. Topics included why 
leaves change color, how animals and plants co-evolved, and deciduous and ever-
green tree adaptations. I even contributed one, myself, on the use of isotopes in 
determining the kind of food you eat. The zines emphasize the need for concise, 
accessible science communication in a format that eschews norms and invites 
under-represented viewpoints. Also, zines allow students to welcome elements of 
‘fun’ back into the curriculum  – something sorely missing from undergraduate 
STEM curricula. This is a creative and authentic way to highlight and express mes-
sages about a concept that students most connect to (Fig. 15.1).

All too often in K-12 education, science is taught as the accomplishments of a 
singular genius working alone (or two singular geniuses at odds with each other, 
e.g., Calvin and Benson, Cope and Marsh). The collaborative aspects of science and 
discovery are rarely acknowledged, which is harmful. When science is taught as the 
achievements and accomplishments of individuals, it perpetrates a worldview of 
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Fig. 15.1  Science communication does not need to be based around stale presentations; zines 
allow students to play with broad audience science communication

individual exceptionalism that has little bearing on how science, especially ecology, 
is done. Science is done by teams of flawed and limited people doing their best and 
working together. Challenge your students to push back against this individualistic 
worldview by examining the collaborative nature of science through

•	 Encouraging multi-person lab work and a collaborative writeup
•	 Discussion groups about the content/ethical implications of applications of 

science.
•	 A group project about scientists who made discoveries as a group (the Human 

Genome Project team, for example)

15.5 � Guiding Questions for Developing Classrooms That 
Integrate EcoJustice

When developing new or re-visiting the design of existing classes, we encourage 
faculty to reflect on ways EJ can be integrated into classroom content and practices. 
The following prompts for reflection may be most effective when considered before 
and during course development but can also be applied through the semester to re-
tool content, pedagogy, and activities to promote an inclusive classroom.
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•	 Do the learning objectives of the course promote the inclusion of all students? 
Do they encourage collaboration amongst students or only individual efforts? 
Are the learning objectives of the course grounded in EJ principles of transpar-
ency and sharing of information, equitable decision making, and the incorpora-
tion of multiple sources of knowledge? How can the guidelines of the course 
better reflect EJ principles?

•	 Do the course assessments encourage and require the integration of multiple 
perspectives, especially those of marginalized communities? How can assess-
ments be designed to place value on the integration of multiple knowledge 
sources, especially those not represented at the forefront of standard STEM texts 
and examples?

•	 Am I designing a class where all students can thrive? Are the assessments and 
content designed to serve students from non-marginalized communities due to 
historical biases of science teaching? How can professors design activities, 
classes, and assessments that benefit the whole student population and promote 
authentic inclusion and success of all students?

•	 Does the content delivered in the class reflect implicit biases, or is it harmful to 
certain communities? Can content be improved to incorporate perspectives and 
experiences that reflect the student population more? Are there open-ended, low-
stakes activities or assessments that allow students to identify and interact per-
sonally with content?

We also recognize that integrating EJ concepts into an undergraduate classroom is a 
challenge many faculty are not prepared for, especially in STEM courses (see Pfirman 
& Winckler, this volume). However, we encourage faculty to seek guidance from 
experts at their institutions – potentially faculty and staff housed in their campus 
Teaching and Learning Centers or Multicultural Centers. They can offer substantive 
feedback on how to improve their practice to be more inclusive. The benefit of inte-
grating EJ concepts authentically in these courses can be profound. We are not just 
providing content piece-meal, hoping students will connect environmental and 
social issues; we are responsible for providing the tools, information, and space to 
think critically about how many of the world’s current issues can be viewed and 
addressed more effectively when EJ and sustainability are at the forefront. The cur-
rent generation of college students will be tasked with so much in the next century 
to address climate change, resource over-extraction, income inequality, and other 
issues that affect life from the local to global scales. By involving EJ principles in 
science classes, we can start thinking together about moving toward a more sustain-
able, equitable future.
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Chapter 16
The UNPAK Project: Much More Than 
a CURE

Hilary S. Callahan, Michael Wolyniak, Jennifer Jo Thompson, 
Matthew T. Rutter, Courtney J. Murren, and April Bisner

16.1 � Introduction

Back in 2010, a team of faculty researchers at primarily undergraduate institutions 
(PUI) initiated a program of research in plant science, led by faculty and conducted 
by undergraduate students, and emphasizing CUREs (course-based undergraduate 
research experiences).1 Shortly after garnering a first grant from the National 
Science Foundation in 2011, the team held a multi-campus acronym contest and 
adopted our endearing and enduring name: UNPAK, for Undergraduates 
Phenotyping Arabidopsis Knockouts. Here, the “UN” refers to undergraduates 
engaging in hands-on and authentic research, and the project’s development of pro-
tocols for amassing the data that students generate across many campuses into a 
centralized database. The “A” in UNPAK refers to our focal plant species, 
Arabidopsis thaliana.

Outside the lab, Arabidopsis is a small, short-lived weed found throughout tem-
perate biomes, related to cabbage and turnips. It is also a human commensal, 

1 Auchincloss et al. (2014), Rodenbusch et al. (2016) and Dolan & Weaver (2021).
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growing as a weed alongside roads, stream banks, fields, and other cultivated land-
scapes.2 In the 1980s and 1990s it emerged as a model system to unite plant research-
ers in genetics, physiology, ecology and evolution. The Arabidopsis genome project 
and later spin-offs parallel the human genome project in many ways, including sus-
tained focus, massive government grant support, and international scope. These 
projects enabled many applications of basic science and ancillary technologies.3

Knockouts, the “K” in our acronym, are now a key and routine technology for 
UNPAK and the entire plant genetics community, thanks to pioneering projects in 
the 2000s that created them by introducing large DNA “tags” into the genomes of 
plants. These tags simultaneously mutate the DNA-based information in the gene 
and molecularly tag the gene’s physical location. Comprehensive collections of 
these induced mutations, known as knockout libraries, were created. Our project 
focuses on one created at the Salk Institute, with coverage of the vast majority of the 
25,000+ genes comprising the Arabidopsis genome.4 Similar comprehensive knock-
out libraries exist and are widely used by researchers, not only in Arabidopsis but 
also in yeast and many other microbes, and in fruit flies, mice and other animals.5

The potential of such libraries relates to the “P” in our acronym—the phenotypes 
associated with an individual instance of knockout mutation. Every tagged mutant 
in any knockout library must be confirmed: has the tagged mutation altered the 
organismal characteristic(s) as predicted or expected based on the gene disrupted, 
and with existing genetic knowledge? Here, UNPAK innovates by focusing on less 
investigated and more complex phenotype traits, those relevant to ecology and 
agronomy. How likely is a mutant seed to germinate? How fast? How slow or how 
fast do knockout mutants produce flowers? How often do full-size fruits or seeds 
fail to ripen? UNPAK also focuses not just on specific mutants or types of mutants, 
but on a large and randomly representative portion of the overall genome (10+%).

UNPAK was gratified when the National Science Foundation’s announced in 2016 
its “Ten Big Ideas” and included the statement that a “universally recognized biggest 
gap in biological knowledge is our inability to predict an organism’s observable char-
acteristics—its phenotype—from what we know about its genetics”.6 This affirmed 
UNPAK’s hard-won phenotyping pipeline: growing plants in standardized conditions, 
measuring traits reliably and reproducibly, and checking data quality as it compiles 
into a database shared across UNPAK campuses and beyond UNPAK.7 With the con-
cept of a gene now in its second century, we UNPAKers want young biologists to 
learn and research genetics and genomics while keeping sight of phenotypes via “eyes 
on” and “hands on” work, both connected to the “minds on” activities of asking 
answerable questions, designing experiments, analyzing and interpreting results, and 
extracting data appropriately from databases to conduct meta-analyses.

2 Lee et al. (2017).
3 AGI (2000), Koorneef and Meinke (2010) and Buell and Last (2010).
4 O’Malley and Eckert (2010).
5 Hillenmeyer et al. (2008) and Rancati et al. (2018).
6 Gropp (2016).
7 Full details are in Rutter et al. (2019).
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UNPAK’s earlier publications have discussed its aims and progress in mentoring 
and researching plant genomics and evolutionary ecology, and some of the CUREs 
implemented by the UNPAK team.8 Members of UNPAK who are social scientists 
have assessed its impact on students’ development of social, cultural, and human 
capital in the context of networked research, the role of faculty recognition and 
mentorship in student development, and the impact on faculty career development.9

Here, we reflect on UNPAK’s emphasis on authenticity and how that intersects 
with students gaining not just access to STEM learning, but also a sense of inclusion 
and belonging. The investigators participating in this conversation have a mix of 
backgrounds. Some work in ecology or environmental biology and others are more 
focused on molecular biology, or on education and the social sciences. This is also 
a circle of colleagues who helped UNPAK in its earliest years and at critical turning 
points in its decade-long existence. We agreed to respond in writing to a series of 
questions addressing how faculty have balanced their teaching and their research, 
and how their teaching and research connects to plant and environmental science, 
and applications of these sciences. We discuss our views of how UNPAK, directly 
and indirectly, helps diverse students to persist into future education and careers, 
whether outside of STEM or in STEM, and whether or not they pursue careers 
directly relevant to “the environment” or “sustainability”. We hope it offers some 
illumination on how STEM faculty and staff in higher education support society-
wide efforts to conceive and build a future that is more environmentally sustainable, 
and also more inclusive and just.

16.2 � UNPAK and Its People

Question  To introduce UNPAK and our group please share your current position 
and institutional affiliations, when you joined UNPAK, and any comments about 
how your job and expertise are interdisciplinary, including any relevance to environ-
mental science, sustainability or conservation.

Matthew T. Rutter  I am now a Professor in the Department of Biology at College 
of Charleston in South Carolina, and also Academic Director of Stono Preserve. I 
am a regular faculty member in Biology, but also act as director of College activities 
at our Stono Preserve property, a 1000-acre natural and historic site 17 miles from 
the main campus. The College of Charleston is a public, primarily undergraduate 
urban college, with about 10,000 students. My job as a faculty member is primarily 
STEM, although my role at Stono Preserve has involved working across almost 
every discipline at the college, and is more project management. I am interested in 

8 Rutter et al. (2019, 2020) and Murren et al. (2019).
9 Thompson et al. (2016), Thompson and Jensen-Ryan (2018) and Jensen-Ryan et al. (2020).

16  The UNPAK Project: Much More Than a CURE



284

both conservation and education, conducting research in both areas, so I suppose I 
am interdisciplinary.

I was one of the founding members of UNPAK, so I got in right at the beginning! 
I was an early Assistant Professor, going through my 3rd year review. I was Principal 
Investigator for the College of Charleston’s original UNPAK awards, and have con-
tinued that role as UNPAK transitioned to its current form, where we have a summer 
undergraduate research experience and CUREs as our main activities.

Courtney J.  Murren  I am also Professor in the Department of Biology at the 
College of Charleston. In addition to Biology, I do work in environmental studies 
and in education. I joined UNPAK before UNPAK was a thing. I helped with ana-
lyzing and designing experiments that were the pilot data for the first grant submis-
sions. At that point, I was an Assistant Professor. My involvement moved from 
being in the greenhouse collecting data, to writing proposals and working with new 
faculty who have since joined UNPAK, especially after April Bisner joined the team 
in 2015 as project manager. Now, being tenured and a full professor frees me to add 
to my research portfolio work on education research, which is not a topic that 
“counts” towards research productivity at our institution. I do it because it is super 
valuable work, grant funding agencies value this expansion, and I care about getting 
opportunities in the hands of students!

Hilary S. Callahan  I am a Professor of Biology and department chair at Barnard 
College. Ours is a distinctive liberal arts college serving about 2700 students in 
2021. Barnard does not admit men nor grant graduate degrees, but it has formal 
links to—and is geographically right across the street from—Columbia University. 
Since my undergraduate days, I have tried to combine my STEM expertise with my 
activism on a variety of issues. The urge to “change things” in positive ways is 
something I admire in Barnard’s students.

Courtney Murren welcomed me to join her and collaborators at the College of 
Charleston in the earliest stages of creating UNPAK. At the time, I was tenured and 
well versed in working with program directors within the funding agencies. UNPAK 
became one of the more ambitious, intense and thoughtful projects I have done, and 
it also helped me to pioneer various remote technologies in the early 2010s. In our 
early years, team meetings were frequent, and always via conference call. Later, we 
started to use the original Google Hangout platform and now, like so many others, 
we rely on Zoom. In a decade, I have traveled just a few times to work in-person with 
other UNPAK team members, flying twice to the College of Charleston and once 
taking Amtrak to Hampden-Sydney in Virginia.
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Michael Wolyniak  I am the McGavacks Associate Professor of Biology and the 
Director of the Office of Undergraduate Research at Hampden-Sydney College, a 
small liberal arts college for men located in central Virginia. My training is in genet-
ics and molecular biology. That said, I have had several experiences with working 
as an interdisciplinary scholar and teacher. I regularly teach bioethics courses that 
require students to consider issues related to science and society. I am a part of our 
institution’s Core Cultures program that looks at widely read texts about the history 
of Western civilization to identify how society has evolved. With respect to my 
scholarly work, I focus on course-based undergraduate research experiences 
(CUREs) and how they may be best integrated into scientific coursework. This has 
given me a lot of experience working with education experts. While I have not 
directly taught environmental science, conservation or sustainability, the issues 
come up regularly in classes, typically because of the impact that humans and their 
choices have on their environment. None of this would be possible without an inter-
disciplinary approach.

I was blessed to be a founding member of UNPAK, joining in 2010 as a new 
professor. I originally joined UNPAK to gain opportunities that I could use in my 
classes to expose students to exciting research opportunities. Over time, my involve-
ment with UNPAK has focused on CUREs and finding ways to integrate CUREs 
into all of my classes.

Jennifer Jo Thompson  I am a Director of the Sustainable Food Systems Initiative 
and an Associate Research Scientist in the Department of Crop & Soil Sciences at 
University of Georgia. I am an interdisciplinary scholar. My primary discipline is 
anthropology, but I work primarily on collaborative, inter- and transdisciplinary 
research focused on sustainable agriculture and food systems. One thrust of this 
research focuses on the way various publics engage with science, including how to 
support students to develop various forms of capital in science.10 I continue to have 
components of my research, teaching, and service that focus on expanding partici-
pation in science.

I joined UNPAK early, in 2012, when I took a postdoctoral position with Erin 
Dolan. Our early work on the project specifically focused on social capital: whether 
undergraduates participating in a networked research project would have unique 
access to additional social resources due to their potential for access to additional 
faculty and students across institutions. Ultimately, we found that despite valiant 
efforts to encourage communication and connections across groups (e.g., early 
efforts with Google Hangout, etc.) undergraduates built social ties primarily within 
their labs (with their faculty mentors and fellow students). There were exceptions 

10 Thompson et al. (2016) and Thompson and Jensen-Ryan (2018).
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among those students who had unique opportunities to visit and spend time in other 
labs, and build connections with other students or faculty. Our data suggests that 
this is because undergraduates are focused on building skills, identity, and relation-
ships within their lab. In 2013, I became a co-PI (with the second UNPAK grant), 
and our work shifted somewhat to understanding how to expand undergraduate par-
ticipation among students from underrepresented groups. This work focused on 
understanding, in greater detail, how undergraduates developed their identities as 
scientists and how faculty were able to support this identity development by recog-
nizing and affirming their potential.11

April Bisner  My job and expertise combine STEM and project management. The 
UNPAK project’s research goals are relevant to environmental conservation and sus-
tainability in that we study gene-environment interactions, and this is a model issue 
relevant to climate change such as increased drought, or flooding. I was hired as the 
UNPAK project manager in 2014. At the time I had nine years of experience working 
on a variety of research projects with increasing management and training responsi-
bilities. I have been with UNPAK for nearly seven years. In our early years, prior to 
2018, we had more full-time student interns. Today, we do more work with a virtual 
or in-person summer REEU (Research and Extension Experiences for Undergraduates), 
which is a program funded by USDA through AFRI-EWR (Agriculture and Food 
Research Initiative, Education and Workforce Development). With CUREs, our net-
work of partner institutions also continues to grow.

Question  If you are willing to share, can you describe your experiences growing 
up, your family or your early and later schooling? Does that background affect your 
current work in STEM research, mentoring and teaching?

Courtney J. Murren  I was raised in the woods in a family of modest means with 
a family business. My parents and grandparents had a nature-loving ethic and any 
down-time we had as a family was at the nearby shore or mountains. Nature was my 
teacher. I pulled apart tulip poplar inflorescences, replanted shore grasses in little 
rows, excavated acorns and climbed trees. I read, and read, and read growing up. 
Today, I encourage my students to look, observe, be curious and read. Having been 
from modest means, I had to work all the time and had no “backup” resources. I had 
not thought of graduate school during college until mentors told me that tuition was 
waived and that there are stipends for working while studying, to help with living 
expenses and health insurance. Academics sounded more stable than the family 
business and I loved the explore/research components so I thought I would give it a 
try. I traveled as an undergraduate to the tropics with a group of other undergradu-
ates on an NSF REU (Research Experiences for Undergraduates). That trip opened 
my world.

11 Thompson and Jensen-Ryan (2018).
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As a faculty member, I’m committed to paying stipends to all students, hiring 
students through programs such as Federal Work-Study, and as much as possible 
providing opportunities for students to travel for their work in their early career. I 
also take time to talk to students about the paths into graduate school as it is quite 
different from many of their peers who are seeking schooling for health careers.

Hilary S. Callahan  I did not have parents or grandparents who were scientists or 
in STEM professionals. My dad attended a business college, and worked as an audi-
tor for the USDA for his whole career, often with side hustles, as we call them today. 
My mother pursued her college degree, a teaching career and an M.Ed., all while 
doing most of the work at home with three daughters. Over time, I have noticed a 
divide between professors and scientists with backgrounds like mine, and those who 
have parents or other relatives who are also professors, scientists, or professionals 
in remunerative fields. I always try to bear in mind that some work much harder than 
others to develop the know-how and resources for navigating toward opportunity 
and eventual success in STEM careers or other careers.

Michael Wolyniak  I was raised to always pursue excellence, which I think was 
essential to me getting to where I am in my career arc. I was blessed with a K-12 
education that gave me the opportunity to engage in the STEM disciplines and to 
develop my interests. I often felt a degree of pressure to always succeed, and this 
pressure influences how I now mentor my students. I do not want my students to feel 
that they have anybody to please but themselves when it comes to their professional 
development and considering their career opportunities. I feel as if I have a stronger 
sense of empathy for my students and a better ability to consider their backgrounds 
when mentoring them as a result of my upbringing and education.

Matthew T. Rutter  I grew up within walking distance from a state park—there is 
no question that made a tremendous impression on me and gave me a broad interest 
in biology, ecology, and environmental conservation. One of my parents worked on 
the non-academic side of a university, and the other was a high school math teacher. 
They both completely supported me in the idea that I could follow my intellectual 
interests, and were supportive of an academic career, particularly one that incorpo-
rated teaching. I was fortunate to have that kind of support, and try to relay it to my 
students.

April Bisner  Science was a second career for me because I did not have the atten-
tion span or grades when I was in high school and was more drawn to the arts. 
Attending community college as an adult learner was a valuable experience. It 
allowed me to attend small classes with enthusiastic professors and gain hands-on 
experience in the lab and field. This prepared me for transferring into a four-year 
institution to complete my studies.
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Jennifer Jo Thompson  I do not come from a family of scientists—and I defi-
nitely experienced a kind of science aversion in high school that pushed me toward 
the social sciences and humanities. As a PhD student, I started developing an 
interest in science as an important domain of culture—a domain that is powerful, 
but which also receives a great deal of skepticism from the public, especially 
when science is emergent and uncertain. At this point the issue of when and how 
people engage with and (dis)trust science across their daily lives drives a good 
deal of my research.

16.3 � UNPAK as Plant, Agricultural 
and Sustainability Science

Question  Have you or your students gained, via UNPAK, a more nuanced under-
standing of complex issues in plant science, and more broadly in fields relevant to 
agriculture or sustainability? How strongly motivated are you and your students to 
engage in UNPAK because it is environmental research and learning? Is this interest 
primary, secondary, ancillary, non-existent? Do your interests, or students’ interests, 
include environmental activism?

Michael Wolyniak  We are addressing the sophistication and nuance of the rela-
tionship between genotype and phenotype. I have gained a more nuanced under-
standing of the effects of mutations on plant biology. UNPAK does help engage 
students mostly by increasing plant awareness which is something many students 
lack—even biology students! I would say environmental research and activism are 
valued moderately by my department and slightly by my institution. Generally, 
words seem to be prioritized over actions.

Also, my interests in UNPAK revolve around students at Hampden Sydney gain-
ing the scientific experience, which is necessary to develop a spark that encourages 
them to develop scientific careers. I am not directly attempting to promote environ-
mental research and learning. That said, the work that I have done with UNPAK 
students has, in several cases, led to students seeking and obtaining additional envi-
ronmental related research experiences. Thus, UNPAK has served as the spring-
board for these students to gain environmental research experiences for themselves.

Matthew T. Rutter  I would say the environmental research component may be 
secondary to more general and fundamental questions about biology.

Hilary S. Callahan  At Barnard, UNPAK appeals to students interested in spend-
ing time in our greenhouse, and working with plants. All biology majors take genet-
ics, so many enjoy an opportunity to connect course material to research. And our 
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greenhouse is wonderful because it is filled with plants from all across the globe.12 
Probing a little more deeply into the science of UNPAK, I often discuss with stu-
dents how places like the lab or the greenhouse are “real”—meaning empirical and 
material rather than theoretical—but not “real world” in the same way as a farm or 
a forest reserve. The UNPAK project has appealed to me because it allows me to 
authentically pursue my long-term interest in how different environments have dif-
ferent levels of predictability, specifically from the point of view of plants. I’m also 
interested in how much or how little environments are disturbed, subsidized or con-
trolled by human activities, both inadvertent impacts and deliberate activities like 
human labor or other inputs.

I also think that students working in the UNPAK network learn that “fast silver 
bullets” for improving crop phenotypes do not exist. We cannot magically use bio-
technologies or other technologies given how drastically the environment impacts 
phenotypes and the side-effects of these technologies on other organisms, soils, or 
the atmosphere. Thus, training in UNPAK helps students to be better at understand-
ing and communicating to other scientists and to lay-people the benefits and risks of 
biotechnologies in agriculture, or in human health for that matter. I think experience 
in UNPAK can, potentially, help students move past naive or oversimplified narra-
tives about biotechnology, such as the misconceptions that it is easy and magic and 
profitable, or that it is inherently dangerous or evil. To me, the key is to encourage 
thinking holistically, whether one is thinking more narrowly about plant-gene inter-
actions or more broadly about any issue in environmental and sustainability science.

Question  Are UNPAK students gaining specific insight into the consequences of 
scientific knowledge about agriculture and crop genetics? Do they gain insight into 
multiple sectors of society or the economy: basic research vs. applied research, 
biotechnology vs. agriculture, conservation vs. policy?

Courtney J. Murren  We have particular sub-projects centered around crops and 
agriculture. We have partners who contribute with this lens.

Michael Wolyniak  The issues in this question are covered more in my bioethics 
courses as opposed to my UNPAK courses. It would make sense to try to combine 
the science and the societal questions in greater detail in my UNPAK coursework; 
however, time constraints often prevent that from happening.

Matthew T. Rutter  The students are definitely learning about the consequences 
of knowledge. It is probably focused on agriculture, biotechnology, basic research, 
and conservation rather than on policy. Much of it is treated broadly, but when stu-
dents focus on the effects of individual genes or environmental treatments it can 
become quite narrow. I have seen it affect the personal components of students’ 

12 See Gershberg (this volume).
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lives. This is particularly true in CUREs where many students really haven’t touched 
or interacted with plants very much. For lab and summer students, there certainly 
are professional elements of their lives that are influenced.

Hilary S. Callahan  Most of my UNPAK students have had lots of high school 
biology, such as AP or IB Biology (Advanced Placement, International 
Baccalaureate). Barnard also requires an intense series of courses during their first 
two years. They have listened to lectures and memorized diagrams of molecular 
biology processes like the use of CRISPR-Cas9 to “edit” gene sequences.13 I am 
clear to them about how UNPAK is not about doing that first-hand, but instead 
focusing on another step in the genomics pipeline, the task of phenotyping plants, 
important in constructing knowledge and databases in plant organismal biology, and 
also in the context of human health and disease. From time to time, there have been 
students whom I have mentored in UNPAK who have become enthralled with think-
ing about the jobs of farmers, including large-scale farmers in the agri-business that 
dominates the U.S. today. That was fostered by my UNPAK lab being right next-
door to the lab of my colleague, Jon Snow,14 who focuses on honey bees. The rele-
vance of UNPAK’s work to agriculture is also evidenced by its recent development 
of a Summer REEU, supported by the USDA.

16.4 � UNPAK Prioritizes the Undergraduate Experience

Question  How much do you prioritize and value mentoring and teaching under-
graduates who are preparing for their own careers and lives? Is this a job duty or 
expectation? A personal avocation? A bit of both?

Courtney J. Murren  It is a high priority! It is a job duty, expectation, and avoca-
tion. At the College of Charleston, this job duty can vary from regularly to infre-
quently. For me, I cannot remember a semester or summer where I did not work 
with undergraduate students in ‘independent study’. I am passionate about being 
part of the solution in expanding opportunities, and helping students on their 
personal journeys in biology or environmental studies and their related interdisci-
plinary professional lives.

Hilary S. Callahan  As a new professor, I received vivid advice from a colleague 
about developing “a reputation for doing excellent research that is, additionally, 
really meaningfully involving undergraduates.” Over the years, I internalized this 
advice, and I have it in common with colleagues who helped create UNPAK. Moreover, 

13 https://www.nobelprize.org/uploads/2020/10/advanced-chemistryprize2020.pdf
14 See Snow (this volume).
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work with students has always helped me dispel the cynicism and gloom that peri-
odically creep into my career and my life.

Michael Wolyniak  I consider [research] mentoring a central part of my career. I 
feel it is a personal calling that allows me to gain immense satisfaction from helping 
my students to attain their professional and personal goals. In graduate school, I 
considered the work I was doing to be largely a means to an end so that I could 
obtain a position such as the one I now have that focuses on teaching and mentor-
ship. I am certainly expected to be a mentor and a teacher as part of my job descrip-
tion; however, for me it is the favorite part of my job.

Jennifer Jo Thompson  My teaching/mentoring is heavily focused on graduate 
students, with no professional expectation to teach or mentoring undergraduates. I 
do teach one mixed-level course, and often have at least one undergraduate partici-
pating in research in my lab. An exciting twist is that I am part of a team initiating a 
collaboration between The University of Georgia’s Graduate Certificate in 
Sustainable Food Systems and Spelman College’s undergraduate Food Studies pro-
gram. This collaboration should expand my personal mentorship of undergrads, but 
also expand culturally appropriate mentorship and build a pathway for more diverse 
recruitment into our grad programs. From my perspective, all this begins with work-
ing with faculty to support and reward effective and inclusive mentorship.

Matthew T.  Rutter  I value mentoring and teaching undergraduates extremely 
highly, and it is one of my very top priorities. I participate as a personal avocation, 
although it is valued at my institution so it does fulfill expectations.

April Bisner  One of the great pleasures of my job is helping to train and mentor a 
diverse group of students. Our intern component of the UNPAK project allows me 
to work closely with students over the course of a few years and watch them grow 
as scientists and people. I have also kept in contact with some of our alumni and it 
is always nice to hear where their lives have headed and what influence our project 
had on them.

Question  Is student work within UNPAK different from the types of jobs or projects 
and the styles of learning that you experienced during your own undergraduate years? Is 
your work distinctive relative to most of your professional colleagues, either in your 
institution or in your sub-discipline?

Hilary S.  Callahan  UNPAK is so completely different from my undergraduate 
experiences. The vast majority of my learning about biology and genetics was in the 
classroom, or involved solitary reading and problem sets. One exception was field 
trips, which were so important to inspiring me to study ecology. I still value hands-
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on, place-based, and in-person experiences with faculty and students interacting out 
on islands or boats or in forests. With UNPAK, we are not in the field, but we are 
getting data from plants grown in chambers or greenhouses. Students seem to self-
select into this type of work, and at the same time many do yearn to work in more 
natural environments.

Also, UNPAK students certainly have “ownership” of their work, while also see-
ing that sole ownership of a project is rare. In joining UNPAK, students are con-
stantly reminded that they have joined something larger than themselves. My 
students at Barnard always think it is cool to see students on other campuses also 
doing summer internships, research projects in their classes, and so on. At its best, 
UNPAK unites several senses of belonging into one over-arching experience. 
Students who do UNPAK are also quite intentionally choosing to learn about plants, 
which is already distinctive as compared to so many other students who do cellular 
or molecular work, or who work with animal models.15

Courtney J. Murren  UNPAK is distinctive in my research portfolio by not having 
a field component! Also, we have over-arching long-term goals, and we ensure that 
students understand this long-term focus. This matches with others in our biology 
discipline who have long-term goals.

Michael Wolyniak  The work I do in UNPAK has become less distinct because 
CUREs have become more mainstream. For me, the work remains distinct in the 
plant-based focus that I take with UNPAK materials.

Jennifer Jo Thompson  I did not have any experiences like UNPAK as an under-
graduate. Working with UNPAK has given me the skill and confidence to continue 
to collaborate in large-scale, multi-institutional, interdisciplinary research and 
teaching endeavors. Although more and more anthropologists work in teams, it is 
still somewhat unusual to work on ‘big data’ projects like this.

Michael Wolyniak  I think the UNPAK project makes our work, in courses and in 
the lab, integrate thoroughly to draw undergraduates more deeply into authentic 
research experiences. This is important both at our institution and in my own sub-
discipline of genetics. I never worked on a project as an undergraduate that involved 
discovery contributing to a larger project. I do think it is quite distinctive. While I 
certainly had an outstanding scientific education as an undergraduate, there was 
much more separation between teaching and research. UNPAK has shown me how 
to meld those two things together in the class to give my students the best educa-
tional and potential professional development opportunities that they can get.

April Bisner  Work with UNPAK is different from the projects that I worked on in my 
undergraduate years. Students are given the opportunity to design their own research 

15 Also see Snow (this volume), Maenza-Gmelch (this volume) and Rhodes et al. (this volume).
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project with the help of mentors. They also have an influence on additional traits that we 
study in group projects. UNPAK succeeds in being hands-on by having all of the pheno-
typing measured by students. The data is checked by students and then quality-checked 
by professors and myself before uploading it to the database. In many cases, students 
plant and maintain experiments from beginning to end. Students are involved in the 
statistical analyses of results and under certain circumstances the writing of manuscripts 
based on those results.

Question  What are your views on how actively students in UNPAK are analyzing, 
dialoguing or arguing from data and evidence? Do they do this? Is it important to 
the students? How? Why?

Courtney J.  Murren  The final presentations at the last three summer REEUs 
(2019, 2020, 2021) are evidence that students are substantiating their claims with 
data and evidence, and also built from the theory of those who came before us. 
UNPAK students think and work as scientist-learners, as individuals and in teams.

Michael Wolyniak  UNPAK students are certainly actively analyzing and arguing 
the strengths of their predictions and conclusions based on evidence. These are very 
important skills to develop for a successful career in science. With respect to dia-
loguing, UNPAK has been hit-or-miss in terms of encouraging students to collabo-
rate in their research. This is something that I have tried to encourage in my own 
classes, to a limited degree of success. Since collaboration is so important to the 
way modern science is conducted, it is a skill that I continue to try to promote 
among my students.

Hilary S.  Callahan  I think that general critical thinking and learning scientific 
methods are front and center in UNPAK, but I also see UNPAK as part of the new 
trend of “big data research” in which it is also important to recognize that new 
hypotheses and new explanations sometimes emerge from more descriptive data-
exploration and data-mining.16 I personally see big-data biology as a direct descen-
dant of classical botany and natural history, sometimes referred to as digital natural 
history. I like that our focus on phenotyping keeps a bit of old-fashioned observa-
tional natural history in UNPAK. Students spend weeks focusing on a plant that is 
almost uselessly cute. UNPAK requires students to look at plants daily for many 
days in a row, with dedication and Thoreau-like patience. They gain an appreciation 
for more subtle phenotypes of plants, the timing of life-cycle transitions or the dif-
ficult life of a seed. A balance of strong observational skills with critical thinking is 
something I have valued from the very start of UNPAK, and even from my initial 
plunge into academic biology.

16 Leonelli (2019).
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Matthew T. Rutter  My students are actively participating in all of those activities. 
It is more important to some students than others—some students are still adjusting 
to learning to think instead of just learning facts. I do think this involves the devel-
opment of critical thinking, even in a very broad sense of using evidence to build a 
picture of reality, and predicting future realities.

16.5 � UNPAK Supports Access and Persistence 
in STEM Training

Question  Do you think UNPAK is a good pathway for supporting students to per-
severe in completing their degrees, pursuing advanced degrees, or staying within 
STEM fields, especially environmental sciences or sustainability?

Hilary S. Callahan  I situate my thinking and commenting on this issue by remind-
ing myself that Barnard is an expensive private college and it is really hard for stu-
dents to gain admission and financial aid to attend. That being said, we have 
extremely high graduation rates. Having UNPAK in my department ensures that 
there is somewhere for students to go if they want to take a step away from the high-
pressure pathway of preparing for a career in human health.17 In the middle of a 
huge city, it is nice to be able to have a place where topics like agricultural yields or 
weed management are part of our classroom and laboratory and casual discussions, 
and to learn about research opportunities relevant to such questions.

Courtney J. Murren  The social-professional network of the lab environment was 
really essential! It is not the sole path for students with specific STEM goals, but it 
makes a big contribution.

Michael Wolyniak  There is no better way to encourage students to sustain them-
selves in STEM fields than to give them the chance to engage in science at it is actu-
ally done by and with “real scientists”. UNPAK does an outstanding job in providing 
that initial spark necessary to develop a passion for scientific research. It is a critical 
springboard for helping students obtain the confidence and skills necessary to pursue 
an advanced degree in any STEM discipline, but especially in the environmental sci-
ences or sustainability.

Question  In what ways do you think UNPAK is helpful in broadening students’ 
understanding of the potential breadth and diversity of STEM training options and 
STEM career options, especially in environmental sciences or sustainability-
related fields?

17 See also Snow (this volume) and Rhodes et al. (this volume).
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Hilary S. Callahan  I think a lot of students find it refreshing to think about the 
ecology of plants, and crop ecology, mainly because our college has a strong empha-
sis on pre-medical preparation. Being a bit “off beat” may help students to pause to 
think about careers other than being an MD. I have watched some of my UNPAK 
students at Barnard go into STEM teaching, nursing, epidemiology, even law.

Courtney J. Murren  In paper discussions, seminars and workshops with faculty 
from diverse STEM sectors, we are encouraging of students’ personal journeys as 
individual ones. Given my own interests, I often engage in discussing careers in 
environmental or sustainability fields.

Michael Wolyniak  By participating in an UNPAK project, a student is learning 
how science is done. In turn, the student learns how scientists are trained, and what 
is required of them in graduate school. In this way, UNPAK is helping students to 
better understand that there are more options available for life scientists than simply 
medical school.

Jennifer Jo Thompson  Since a lot of students enter biology thinking about careers 
in medicine, opportunities to learn about careers in research and ecology are impor-
tant. UNPAK does this.

Matthew T. Rutter  Many students haven’t thought of the relevance of plants and 
plant biology to STEM careers or to environmental sciences. Many who are inter-
ested in environmental sciences haven’t necessarily thought about the role of genet-
ics and genetic variation in natural populations. UNPAK does help to make 
those links.

Question  Have your initial motivations for joining UNPAK been matched by your 
experiences? Did UNPAK under-deliver or over-deliver? Does this make work with 
UNPAK distinctive in some way?

Michael Wolyniak  My motivations for joining UNPAK were both altruistic and 
selfish. Altruistic in the sense of providing my students with outstanding research 
opportunities for their own development, and selfish in the sense that it would look 
good for my tenure and promotion opportunities. UNPAK has over-delivered in 
every sense as I have been able to accomplish both of these goals as a result of my 
participation.

My UNPAK work started out as distinct because of my lack of training as a plant 
biologist. Over time my UNPAK work has become less distinct, but this is a positive 
reflection on the influence it has had on the way that I treat all of my science courses 
and how they are taught. UNPAK has also profoundly changed my teaching phi-
losophy and showed me the value of authentic research experience as a central part 
of an effective scientific course. Because of UNPAK, I now teach my classes in a 
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more unstructured and research-focused fashion. In short, my other classes came to 
resemble UNPAK rather than the other way around.

Hilary S. Callahan  I thought that UNPAK was an excellent fit for Barnard, histori-
cally and today a college for women, and a college that counters minoritizing 
women in STEM and in many other aspects of the academy and society more 
broadly. For me, as a tenured professor, accomplishing work that was “just mine” 
became less of a priority. Additionally, from an NSF ADVANCE grant at my institu-
tion, I learned that collaboration is an effective pathway toward productivity and 
long-term impact.18 I think UNPAK has done that, and I am optimistic that it will 
continue to do that through the final decade of my career.

Matthew T. Rutter  As one of the UNPAK founders, I was extremely interested in 
its science: the connection between genotype, environment, and phenotype in 
plants. I really had no idea how far UNPAK would go, so I have to say it has 
exceeded my expectations. Although we can always do more, it amazes me to think 
how many students we have taught through the program, and how we have amassed 
hundreds of thousands of data points!

Courtney J. Murren  I agree that UNPAK did over-deliver, but differently than I 
initially imagined! UNPAK involves huge amounts of team work. Other projects 
have smaller groups of scholars. I’ve often in my career been part of bigger projects 
and had other projects with fewer collaborators at the same time.

Jennifer Jo Thompson  I was motivated based on my interest in understanding 
how people engage with science and with scientific knowledge, and my interest in 
expanding access to participation in science. Although my own work has moved 
away from working directly with UNPAK, it has been exciting to watch it develop 
and greatly expand opportunities for faculty and students to participate in research 
over the years. Its reach has expanded far beyond my initial expectations!

In other ways, my work with UNPAK has deeply impacted the inter- and trans-
disciplinary work I continue to do. It was my first experience working on a collab-
orative, cross-disciplinary project, and as a social scientist among a team primarily 
focused on natural science. The other PIs’ respect for, and commitment to support-
ing the social science was deeply affirming for me as a postdoc and it ultimately 
inspired me to continue to work on inter- and transdisciplinary projects.

18 Lee and Bozeman (2005).
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16.6 � UNPAK as a Philosophy and a “Way of Being”

Question  Is UNPAK more “liberal arts” or more “vocational”? What do you think 
about this divide? Is it valid or bogus?

Hilary S. Callahan  I dislike the idea of putting a college education into cause-and-
effect or return-on-investment relationships, especially if that rigidly shapes stu-
dents’ eventual career satisfaction and learning. That being said, employability and 
career satisfaction are important, especially for students coming from less advan-
taged backgrounds. I have worked hard to clarify for myself as a supervisor and for 
my diverse and ambitious students, in UNPAK and elsewhere, that this is a resolv-
able issue. A paid job in research part-time during college or full-time during the 
summer is a way to simultaneously support students tangibly, enhance their learn-
ing, and furnish a credential. What’s more, that research job adds directly to the 
collective knowledge of science. Keeping that complex messaging in mind is impor-
tant, and I know that is part of Barnard’s campus culture, and I hope elsewhere.

Michael Wolyniak  I see UNPAK as more of a liberal arts project. Training stu-
dents to develop the critical thinking skills necessary to adapt to any vocation as 
opposed to providing the training tools for one particular vocation. This does not 
mean that the liberal arts and the vocational training need to be completely separate. 
I like to think of myself as a “practical liberal artist” in the sense that I encourage a 
traditional liberal arts approach to scientific research but with an eye towards poten-
tial career opportunities that can develop from the work. UNPAK is certainly effec-
tive in allowing students to gain this vital critical thinking ability while also 
considering what direct employment opportunities may be available as a result of 
the experiences that they gain from the work.

Matthew T. Rutter  I would say more “liberal arts”. But I am not sure about the 
validity of this divide. I think life, even centered around a vocation or skill, should 
hopefully draw from many areas and be lived like one from the “liberal arts”!

Question  To what extent is UNPAK democratic and creative? Does it offer opportu-
nities for all participants to be included in decision-making, pursuing funding, or 
expanding the network?

Hilary S. Callahan  Every year, students come onto Barnard’s campus in an ever-
more urgent hurry to change the world and solve its problems, but they also are 
there for four years of learning. Whenever I am designing a course or a research 
project like UNPAK, I am trying to thread the needle between those two extremes. 
As faculty, I need to provide some top-down and efficient guidance. I also want to 
avoid extinguishing students’ passion and idealism.
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Also, after four years at Barnard, they have fifty to sixty or even more years for 
a career and the rest of their lives. Recognizing that, I try to have my teaching and 
mentoring be reasonably well-aligned with political principals like participating in 
democratic decision-making, and learning that it is important to understand both 
how and when to lead and how and when to select leadership to follow, or leadership 
to rebel against. I do not think that is explicitly a goal of UNPAK, but it is something 
that percolates through Barnard, and probably through other liberal arts campuses 
in the UNPAK network. Many students that I work with in UNPAK and in other 
projects are working hard on that balance.

Michael Wolyniak  UNPAK has been an awesome force for me in democratizing 
the research process among my students. I recall in my undergraduate years that 
student research was largely reserved for people who had the classroom achieve-
ment or the persistence necessary to attract the attention of an advisor. UNPAK, by 
taking place in the classroom, allows all students to participate in the research 
regardless of their previous background and experience. This is a powerful tool that 
allows me to potentially inspire many more students than I could have before, and 
to attract people who may have slipped through the cracks under the apprenticeship 
model of undergraduate research in developing the sparks necessary to gain a pas-
sion for STEM research. The democratization of the process can even allow stu-
dents to participate in formulating the research questions that we will ultimately 
pursue in a given class

Jennifer Jo Thompson  My thoughts are perhaps somewhat dated, but some of our 
earlier data suggests that there is an ebb and flow in this over the course of the over-
all UNPAK project and over the course of students’ engagement with the project. 
When UNPAK was first beginning, students were helping develop structured proto-
cols and thus had agency, ownership, and input into the project development. Once 
those protocols were (necessarily) codified, students coming into UNPAK no longer 
had that as a major locus for creative input. My impression is that students continue 
to have creative input around the specific questions they explore, within a defined 
set of parameters. This seems like a reasonable balance given the competing 
demands of the project. At the same time, we found that students who remained 
with the project for several years often developed independent projects, which gave 
them greater ownership and agency. Is this the same thing as ‘creativity’ and 
‘democracy’? I am not quite sure.

Matthew T. Rutter  It is semi-democratic. Students, particularly lab and summer 
students, have a chance to shape questions. Students in a single CURE are typically 
learning how to measure plants and work with data and as yet have not had as much 
creative opportunity in my classes—although the approach that we are launching in 
our most recent NSF-IUSE-funded work aims to change this. The democratic ele-
ment is important to me primarily for the more experienced students.
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April Bisner  UNPAK is democratic and creative in that students are encouraged to 
think about other phenotypes they may want to measure outside of the core pheno-
types and decide with their classmates or research group which of those phenotypes 
the class or group will measure. I learn from our student interns and incorporate 
suggestions on how to improve protocols and workflow. I think it is very important 
for students to think outside of the box and make decisions as a group.

Question  Are there other ways that UNPAK has fostered an improved network of 
colleagues or even friendships with colleagues? Examples please!

Hilary S.  Callahan  Long before 2020 and 2021, our UNPAK members were 
“hanging out” using Google tools, and that type of experience is now so ingrained 
in everyone, so it is no longer as special. It is gratifying to see Zoom enabling other 
scholars and educators to do this work, and to communicate better.19

After so many years, when we meet in person at conferences or other events, it is 
similar to picking up with life-long friends from middle school or high school. We 
have many shared experiences. We have celebrated each other’s promotions; some 
of us have seen each other’s children grow up and so forth. This is a huge benefit of 
extending research for more than the usual three-year cycle of funding, and students 
pick up on that. In a meeting this semester with a recent UNPAK student, she 
described UNPAK’s investigators at College of Charleston as “angels” because of 
their patience and genuine concern for all. I do, very much, feel privileged to be 
involved in a project with that much authentic commitment to teaching and mentor-
ing, and to collaborating.

We had a few informal commemorations of UNPAK’s tenth anniversary this 
year, and I do remember Matt Rutter referring to UNPAK as a philosophy and even 
“a way of being” and that really resonated with me, and with this book’s spotlights 
on authenticity in STEM research.

Michael Wolyniak  I cherish the professional and personal relationships that have 
developed as a result of my affiliation with UNPAK. I still associate with the major-
ity of my colleagues from the beginning of UNPAK to this very day I am still able 
to send my students to exciting summer research opportunities that are affiliated 
with UNPAK. Taken together, UNPAK has been one of the most important parts of 
my professional development. Thank you to the UNPAK PIs for always welcoming 
me into your labs and groups. I treasure my professional and personal relationships 
with each of you and they have really shaped my expectations for collaboration. 
Thank you!

19 Also see Patterson et al. (this volume).
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Matthew T. Rutter  Perhaps it is from being in UNPAK since the beginning, but I 
have literally dozens of new professional colleagues and absolutely count many of 
them as my friends. Frankly, at the start I knew my local colleagues well and our 
other collaborators ranged from new acquaintances (Mike Wolyniak, Jenn 
Thompson) to a collaborator I knew but would get to know much more through 
UNPAK (Hilary Callahan). Now any of them would be instant buddies that I would 
insist come out for a good drink and a meal if I were so lucky as to encounter them 
at a meeting or a visit. As UNPAK has expanded, I can sincerely say that each per-
son I have met has been so impressive and fantastic in their line of work—all are the 
epitome of teacher-scholars. Some we manage to get to Charleston periodically, 
some I am just starting to get to know, some I feel like I know very well despite 
never having been in the same room. I enjoy every minute of it.

16.7 � Coda

Hilary S. Callahan  Among myriad ways to wrap this wide-ranging conversation, 
one is to pause to reflect on the shifting context within which UNPAK has continued 
into a second decade. In hurricane-prone Charleston as well as throughout the U.S., 
storms and floods impacted many UNPAK campuses, even as UNPAK campuses in 
California and Seattle experienced wildfires as common climate-related events. On 
and near several UNPAK campuses, shocking violence and loss of life have drawn 
media coverage, grief, and rage. Campuses are spotlighted as homes for both ongo-
ing protest of and healing from violence and loss of life, even as they persevere as 
places for learning and thinking with data and scientific evidence, including the 
tools for tracing the connections of the sustainability crisis to structural racism, to 
oppression and injustice.

All of this makes it notable to reflect on turns in this conversation that probed 
activism or politics.20 All of us acknowledge, and some even emphasize, that 
UNPAK is inherently intertwined with broader cultural and political currents. 
Indeed, the grant that initiated the project in April 2011 was delayed for four months 
because of a debt ceiling crisis and the failure of a polarized Congress to approve a 
Federal budget. Fast-forwarding past additional shutdowns and impasses during the 
Obama administration, we arrive in January and April 2017. UNPAK scientists and 
students watched or participated in prominent public marches to highlight the role 
of women and science in society more broadly. Then, in January of 2021, we 
watched Washington D.C. struggle through massive chaos to resume the hard work 
of democracy.

The many months of the Covid-19 pandemic forced UNPAK and many others to 
rely heavily on virtual tools to conduct research, teach and learn together. Amidst 

20 See Pfirman and Winckler (this volume, Chap. 19).

H. S. Callahan et al.



301

frustration and fatigue, some have drawn inspiration from the potential benefits of 
these tools. For UNPAK, this led to a proposal and new award based at the College 
of Charleston from the National Science Foundation. The next phase of UNPAK—
D-CURE, for Digital-CURE—is premised on virtual work as not just productive, 
but potentially accessible to more students and campuses, and to more diverse stu-
dents. Optimistic about this next project, UNPAK is proud of its long journey and 
prospects for continuing along its ever-adaptable and widening path, learning and 
training in STEM in solidarity.

Acknowledgements  Across its initial and subsequent phases, UNPAK has received funding sup-
port from the National Science Foundation (IOS-1052262, IOS-1354771, DUE 212145), an AFRI-
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Chapter 17
Teaching About Climate Change 
from an Astronomical Perspective

Laura Kay and Kassandra Fuiten

Kassandra  I am here with Professor Laura Kay, Professor of Physics and 
Astronomy at Barnard College and author of 21st Century Astronomy.1 Professor 
Kay, you teach an introductory astronomy course called Life in the Universe. Can 
you give me a brief description of this course?

Laura  This course explores how scientists think about life in the universe. 
Currently, we do not have data on life anywhere other than on Earth, so this class is 
more about how scientists approach the question of “life in the universe” than about 
what is actually out there. Right now, we just do not know. The class is interdisci-
plinary: it uses astronomy, physics, Earth science, chemistry, and biology to look at 
both how scientists are working together on this problem and how they are thinking 
about this question. But there’s no clear answer, and I tell that to my students on the 
first day. We do not know if there’s any life out there. Life in the Universe is a class 
that’s about the process of how scientists approach this question.

Kassandra  I understand that you also talk to your students about climate change 
within this course. How do you fit discussions about climate change into a course 
that, while interdisciplinary, does fall within the Astronomy department?

Laura  When students come into my classroom, they have already heard a lot about 
climate change. Some students have studied it in high school, and all of them have 

1 Kay et al. (2019).
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heard about it on the news or within a political context. I started including it in this 
course because climate change is an essential part of the story of why human life 
evolved on Earth instead of elsewhere in our Solar System. But, because climate 
change is such a politicized and familiar topic to my students, I aim to approach it 
from a different angle. Instead of focusing solely on the current state of climate 
change on Earth, I emphasize to my students that climate change is not just about 
planet Earth and not just about our current time. Earth has evolved and changed as 
a planet, as have the other planets in our Solar System.

Kassandra  How do you expand your student’s understanding of climate change 
beyond our current Earth context?

Laura  I discuss with my students the history of the discovery of contemporary 
climate change on Earth. This includes looking back to the beginnings of the indus-
trial revolution when people first discovered that carbon dioxide emissions could 
change the atmosphere. Some of the earliest work was done in the mid-1800s by 
Eunice Foote and John Tydon, who thought about how atmospheres can block radi-
ation. In the 1890s, the Swedish physical chemist Svante Arrhenius calculated how 
carbon dioxide emissions could lead to global warming. He won the Nobel Prize for 
his work in 1903. The point is, the idea that carbon dioxide and other greenhouse 
gases affect our atmosphere is not a new concept.

Beyond Earth, astronomers have studied climate on other planets, specifically 
Mars and Venus. Studies of these planets have greatly informed our understanding 
of climate on Earth, making climate change discussions incredibly relevant to an 
astronomy course curriculum.

Kassandra  How could studies of Mars and Venus, planets which differ so dramati-
cally from Earth, provide insight into climate change on our planet?

Laura  Mars and Venus are the two planets closest in distance to the Earth, and they 
give us examples of large-scale global cooling and global warming, respectively. 
Studies of Mars allowed astronomers to witness global cooling in real-time. Mars 
has intense dust storms that occur periodically, which astronomers have observed 
through telescopes for 200  years. When NASA missions began sending space 
probes to Mars in the 1960s, scientists could, for the first time, measure Mars’s 
temperature during these dust storms. They found that, as dust quickly covered 
Mars, the planet’s temperature decreased.

Mars’s global cooling scenario led to two strong scientific theories about the 
climate on Earth. The first of these theories concerns the death of the dinosaurs. 
Scientists now think their extinctions were caused by the impact of a huge asteroid, 
or possibly a volcanic eruption (or a combination of the two), either of which would 
have sent enormous amounts of dust into Earth’s atmosphere. Similar to the dust 
storms on Mars, Earth’s temperature would have decreased as dust blocked the sun-
light. This sudden decrease in temperature would have killed off the food chain; 
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plants would have died, small animals would have died, and then the dinosaurs, 
which required large amounts of food to support their massive bodies, would have 
eventually starved. The second theory to result from the studies of Mars, nuclear 
winter, also became popular in the 1980s. The theory of nuclear winter proposed 
that if a nuclear war were to occur, the excess of fire and smoke would block the 
sunlight and lower the temperature on Earth.

On the other hand, studies of Venus provided insight into global warming. The 
Soviet Union, which focused its space exploration on Venus, began sending space 
probes to Venus in the 1960s. Prior to these missions, many people had considered 
Venus a possible ‘sister planet’ to Earth. Venus is both the closest planet to Earth 
and the most similar to Earth in size, and science fiction of the time was filled with 
fantasies about humans or other life there. These fantasies ended as Soviet missions 
reported that temperatures on Venus were around nine hundred degrees Fahrenheit. 
(The missions ended quickly because the probes burned up.) At first, Venus’ high 
temperatures puzzled astronomers. Venus is closer to the Sun than Earth, but not 
close enough to explain the vast difference between Earth’s liveable temperatures 
and the incredible heat of Venus. Researchers in the early 1970s came up with a 
possible explanation: the Runaway Greenhouse Effect. The Runaway Greenhouse 
Effect proposed that the abundant carbon dioxide in Venus’s atmosphere trapped 
radiation from the Sun, causing the temperature of the planet to increase. Any water 
that may have been on Venus’s surface eventually evaporated. Then, the water mol-
ecules would have been split by ultraviolet radiation from the sun, with the hydro-
gen escaping to space.

In the 1970s, astronomers at NASA started building computer models to under-
stand what happened on Venus, and they then applied the basics of these models to 
Earth’s climate. These `general circulation models’ or GCMs are used to reproduce 
or explain climate trends we’ve seen in the past, what is seen now, and possibly 
predict what will happen in the future. When similar models were applied to Earth, 
with increased carbon dioxide levels beginning during industrialization in the 
1800s, they found that these models could explain the changing temperatures on 
Earth. Over the years, models of Earth’s global warming have become increasingly 
sophisticated, but the earlier models originated through the study of Venus.

Kassandra  If carbon dioxide in Venus’s atmosphere caused such a dramatic 
increase in temperatures, why didn’t Earth also experience this runaway green-
house effect?

Laura  In the past, Mars, Venus, and Earth had liquid water on their surfaces, and 
they all started out with a primarily carbon dioxide atmosphere. But all three planets 
evolved. Venus is closer to the Sun than Earth, so it was always warmer. On Earth, 
life dramatically impacted the evolution of Earth’s atmosphere and climate. 
Photosynthesis, first by bacteria and later by plants, fundamentally altered Earth’s 
atmosphere by producing oxygen which, over time, gave us the oxygen atmosphere 
that we have now. The existence of an oxygen atmosphere then allowed more com-
plex life to form. Life changed Earth’s atmosphere, and Earth’s atmosphere changed 
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life. Mars and Venus have 95% carbon dioxide atmospheres, whereas Earth’s atmo-
sphere is 78% nitrogen, 21% oxygen, and only 0.04% carbon dioxide. In addition, 
the atmosphere of Venus is about 100 times thicker than Earth’s (Mars’ atmosphere 
is 100 times thinner), so the greenhouse effect is much more substantial on Venus.

Kassandra  How did early climate change on Earth differ from the current climate 
changes that we see?

Laura  When we look at historical records of carbon dioxide levels, which we can 
obtain by studying tree rings and ice cores (See Baxi et al., this volume, chapter 25), 
we see that carbon dioxide levels have varied over time. By studying ice cores in 
Antarctica, scientists can measure the amount of carbon dioxide going back 
800,000 years. By looking at different chemicals and isotopes, they can see that 
temperature and carbon dioxide levels have fluctuated together. When the tempera-
ture was higher, the carbon dioxide was higher, and when the temperature was 
lower, the carbon dioxide was lower. Multiple factors contribute to these changing 
levels, including Milankovitch Cycles, which are the cyclical changes in Earth’s 
axial tilt and orbit. These changes in tilt, orbital ellipticity, and precession occur 
over tens of thousands of years and appear to align fairly well with Earth Ice Ages 
and the periods in between the Ice Ages.

The ice core measurements, which Al Gore’s film, An Inconvenient Truth 
(Paramount Picture Corporation 2006), made famous, shocked many people in the 
1990s. They saw that the cycles of changing temperature and carbon dioxide levels 
go together naturally, but over tens of thousands of years, resulting in slow environ-
mental changes. The changes we are seeing on Earth now are over the last 
150–200 years since Industrialization. Scientists are nervous about our current rate 
of climate change because Earth does not have time to respond to these faster 
changes naturally.

Kassandra  Do other planets offer a possible refuge from climate change and envi-
ronmental destruction on Earth?

Laura  Well, I say no. In Life in the Universe, I emphasize that humans have 
evolved on Earth for Earth’s specific environment, and Earth has evolved with us. 
Humans cannot pack up and go to Venus; for example, it is nine hundred degrees 
Fahrenheit there. While we may no longer have fantasies about going to Venus, 
there are still plans to build bases on the Moon, which has no atmosphere, has light 
gravity, and requires humans to bring all supplies with them. And, there are still 
fantasies about humans escaping Earth and colonizing Mars. On Mars, the Sun 
would be very dim, and it is quite cold. The atmosphere is very thin and is not 
breathable, so you would have to wear spacesuits the whole time or live in a pres-
surized dome. It is unknown if food could be grown under Mars’s weak sunlight, 
which means we do not know whether Mars could sustain humans. The gravity on 
Mars is somewhat stronger than on the Moon, yet still only forty percent the strength 
of Earth’s gravity, meaning that living on Mars would cause human muscles to 
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weaken dramatically. Even if Mars was somehow able to provide a sustainable envi-
ronment for humans, it’s doubtful that humans would be able to readapt to the 
higher gravity back on Earth. I do think some people will make short visits to Mars, 
and maybe small numbers will live there, but I doubt that millions (or billions) of 
people will relocate from Earth. And, of course, there would be serious questions 
about who gets to escape Earth to live on the Moon or Mars.

Outside of our Solar System, since 1995, astronomers have found thousands of 
planets orbiting other stars in our Galaxy. However, we have not collected enough 
data yet to know if any have the kind of oxygen atmosphere free from poisonous 
gases that human life requires. Many of these planets are likely balls of gas like 
Jupiter or Saturn, but some are solid like Earth. Most of these planets are not at a 
distance from their star that suggests they could have temperatures that permit liq-
uid water on their surface, and Earth life needs water. Upcoming space telescopes 
may identify distant planets with temperatures and atmospheres that are more Earth-
like, but at present, we have no technology that will let us travel to them.

As an aside, I will add that culturally, science fiction has influenced many peo-
ple’s perceptions of other planets. Many blockbuster science fiction movies, televi-
sion shows, and books show people going from planet to planet, where each planet 
has Earth-like gravity and temperatures and a breathable atmosphere (and everyone 
speaks English). These media make it seem as though there are a plethora of planets 
for humans to choose from; so that if Earth ‘goes bad,’ we can just go somewhere 
else. As far as astronomers can tell, realistically, that’s not what we actually see out 
there, at least not yet.

Kassandra  What do you hope to accomplish by expanding your students’ under-
standings of climate change beyond Earth and beyond our current time period?

Laura  Well, professors always aim to get students to think beyond the present 
moment and think about history. So I do want students to understand that Earth’s 
climate has indeed changed throughout history. We have all seen the ‘Ice Age’ mov-
ies, but the contemporary climate changes are also different in many important 
ways. Additionally, I hope to get students to think about scientific methodology 
rather than political frameworks. For example, we talk in class about how we can 
measure the temperatures of planets in our solar system and make estimates of the 
temperatures of planets in systems across the Galaxy. Some climate change doubt-
ers argue that it is difficult to measure temperatures on Earth, but if we can measure 
temperatures on Mars, of course, we can measure the temperature of Earth.

I also hope to make my students think about climate change in a universal con-
text rather than getting bogged down in bickering about the details of whether it is 
real or what to do about it  (see  Pfirman & Winckler, this volume, chapter 19). 
Instead, I want them to think about how there are many planets out in space, but it 
is not known if any of them are suitable for us, given how life has evolved on Earth. 
On the one hand, studying other planets lets us see the processes that lead to changes 
in atmospheres, so we can help understand how they happen on Earth. On the other 
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hand, studies of other planets show that there is not a place to relocate to. We need 
to care about what is happening on Earth.

Kassandra  Do you see teaching climate change as a justice issue?

Laura  It is certainly an environmental justice issue to keep Earth habitable for 
humans! There is no way we can relocate everyone to another planet in the 
foreseeable future. You may have heard the activist slogan, `There is no Planet B.’ I 
don’t spend much time in class debating the merits of taxing carbon emissions or 
carbon capture like an economist might. Instead, I focus on my area: how astrono-
mers think about planets, which extends to how astronomers think about a planet 
like Earth. General education science classes are possibly the only science class that 
a college student will take, and Life in the Universe may be a student’s only oppor-
tunity to hear about climate change from a scientific perspective. Climate change 
discussions should be included in any general science class when possible, and 
professors of the sciences at Barnard try to put in the most relevant angle to their 
department. Climate change is a multidisciplinary problem. It needs an interdisci-
plinary approach, and the more people thinking about the problem, the better.

References

Baxi, et al. (this volume). Perspectives on teaching climate change: Two decades of evolving 
approaches. In M. S. Rivera Maulucci, S. Pfirman, & H. S. Callahan (Eds.), Education for 
sustainability: Discourses on authenticity, inclusion, and justice. Springer

Kay, L., Palen, S., & Blumenthal, G. (2019). 21st century astronomy (6 ed.). WW Norton.
Paramount Pictures Corporation. (2006). An inconvenient truth. Paramount.
Pfirman, S., & Winckler, G. (this volume). Perspectives on teaching climate change: Two decades 

of evolving approaches. In M. S. Rivera Maulucci, S. Pfirman, & H. S. Callahan (Eds.), 
Education for sustainability: Discourses on authenticity, inclusion, and justice. Springer

Laura Kay  has been a Professor of Physics and Astronomy at 
Barnard College, since 1991. As a graduate student she spent 
13  months at the Amundsen-Scott station at the South Pole in 
Antarctica. She studies active galactic nuclei. She has taught 
courses in astronomy, astrobiology, women and science, and 
polar exploration. 

L. Kay and K. Fuiten



313

Kassandra Fuiten  graduated from Barnard College in 2016 
where she studied Elementary Education and Psychology with a 
special interest in Attention Deficit Hyperactivity Disorder and 
Autism. Post-graduation, Kassandra earned CELTA certification 
to teach English as a foreign language and currently works with 
elementary English language learner students in Madrid, Spain.

Open Access  This chapter is licensed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter’s Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.

17  Teaching About Climate Change from an Astronomical Perspective

http://creativecommons.org/licenses/by/4.0/


315© The Author(s) 2023
M. S. Rivera Maulucci et al. (eds.), Transforming Education for Sustainability, 
Environmental Discourses in Science Education 7, 
https://doi.org/10.1007/978-3-031-13536-1_18

Chapter 18
Volcanoes, Climate Change, 
and Sustainability

Sedelia Rodriguez and Kassandra Fuiten

18.1 � Introduction to the Participants

I (Sedelia) was originally trained as a geologist. I study rocks that solidified from 
magma or lava to decipher how these formed. I think that teaching students about 
the natural world is especially important because hopefully as they look more at 
their environment, they will appreciate it more and want to preserve it. Knowing 
what happens naturally helps plan for a sustainable community. We cannot control 
everything. What are some things we cannot change? What do we need to work 
around? When you do not understand the natural world, it is harder to fight for it. 
Knowledge about the environment becomes a vehicle for activism.

I (Kassandra) am a student. I interviewed Professor Rodriguez about how she 
integrates her interest in volcanoes into her teaching in a way that is inclusive.

Kassandra  What courses do you teach where you talk about volcanoes?

Sedelia  Today, I will focus on my teaching of a First-Year Seminar, but I try to 
integrate volcanoes into all of my teaching, including Introduction to Environmental 
Science. The First-Year Seminar is not a science course, the focus is on writing and 
speaking. We want students to gain their voice and speak confidently. So I had to 
think about how to introduce science in this type of setting when students do not 
have a strong scientific background or potentially even a scientific interest. Some of 
the ways I do this is by getting them to relate to some aspect of a volcanic erup-
tion—how volcanoes affect climate and agriculture (and therefore societies), tour-
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ism, etc. After that, I talk about hazards and volcanic eruptions, and now they are 
interested because they know the information is relevant. Pop culture helps to make 
volcanoes relatable and I use that as a tool for student engagement. Also, I do not 
start lecturing about the science of volcanoes, but rather introduce it slowly 
throughout the semester. The whole point is to get students interested and for them 
to see the information as relevant to their own lives.

Kassandra  In your experience, students do not initially see volcanoes as relevant 
to their own lives?

Sedelia  Most of my students do not live near volcanoes and, therefore, do not real-
ize the effects that volcanoes can have upon their lives. I had a student come up to 
me at the beginning of the semester and insist that, because she was not a science 
major nor did she have any connection to volcanoes, the course was not relevant or 
interesting to her. I try to show students why they should care. I talk about the 
effects that volcanoes may have on their lives and the lives of others, in an inclusive 
way. In some cases, people who live around volcanoes are Indigenous farming pop-
ulations. I also discuss how air travel disruptions may affect students while traveling 
even if they do not live near a volcano. I talk about how ash erupted during a volca-
nic eruption can have health effects on those living near volcanoes, especially those 
with respiratory problems. And if a Supervolcano were to erupt, such as Yellowstone 
in the United States, ash could be distributed all over the country, affecting those 
who live far away from a volcano. We also discuss how crops can be affected by 
eruptions; nowadays we get fruits and vegetables from all over the world, so an 
eruption can affect the production of different foods and items. By getting students 
to connect volcanoes to their own lives, I hope to engage and interest them in a topic 
they may never have thought about before.

Other students have grown up near areas of volcanic activity; for example, last 
year I taught students from Ecuador, Mexico, Seattle, and Northern California. The 
student from Ecuador shared her experiences seeing smoke and ash fall over her city 
and having to wear a mask to protect against the ash. She also mentioned that people 
in lower-income areas had fewer resources and were therefore affected more by the 
eruption. In some cases, stores and businesses were closed for weeks, which directly 
affected this population. She was able to see the socioeconomic discrepancies and 
injustices in her country when a natural disaster occurred. Her stories fascinated 
other students and made them more interested in volcanoes.

I also noticed that the students from volcanic areas developed an authentic eager-
ness to further investigate their local volcanic activity. I had my students research a 
volcanic area, and the students who grew up near volcanoes researched their local 
areas. The student from Mexico had grown up hearing stories about the volcano 
near her home. After learning more about volcanoes, she wanted to hear all of the 
old stories from her grandmother and became excited to research her local history. 
The student from Seattle researched the possible dangers of Mount Rainier and 
learned about evacuation plans. And, the student from Northern California 
researched an area near her home where geothermal research was occurring. She 
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had been there before but had never known about the research happening. She was 
so excited to learn about geothermal energy and vowed to visit the area again when 
she visits home.

Kassandra  We have seen a lot of destruction by volcanoes in the news, with erup-
tions from Kilauea in Hawaii, beginning in April 2018, and the eruption of Volcán 
de Fuego in Guatemala on June 3, 2018. How significant of a threat do volcanoes 
pose to humans?

Sedelia  For those who live in the vicinity of a volcano, the destructive impact can 
be significant. Strato or composite volcanoes such as Volcano del Fuego tend to be 
very destructive due to the high silica content of the magma, which affects the vis-
cosity, temperature, and amount of dissolved gases. Higher viscosity, lower tem-
peratures, and more gases result in more explosive eruptions. After a large eruption, 
like the one in Guatemala, a wave of heat, ash, and wind explodes from the volcano 
with hurricane strength. This is a pyroclastic flow, the most destructive aspect of a 
volcano, and, if one is near the explosion, there is no way to outrun it. Lahars, which 
are mudflows generated by a volcano, come very suddenly after an eruption and 
have buried entire towns without warning. Earthquakes also often accompany an 
eruption, although they sometimes serve only as precursors, providing warning 
signs of rising magma. Ash flow, a mixture of gas and fine-grained rock fragments 
ejected from the volcano, can cause health problems, especially for those with 
asthma or other breathing difficulties. Volcano ash can also shut down air traffic, 
leaving people stranded while traveling and causing economic consequences.

For example, in 2010, after the eruption of Eyjafjallajokull in Iceland, there was 
an air traffic shut down in parts of Europe between April 15 and May 16. It affected 
areas as far away as the United Kingdom, France, and some of Germany. Lava flows 
typically cause very few fatalities because they move so slowly, but they can cause 
great destruction to crops and buildings. The eruption of Volcán de Fuego spewing 
ash and lava resulted in 200 deaths. In the case of Volcán de Fuego, the eruption 
came very suddenly, and the public insists that they were not urged to evacuate, 
although government officials say otherwise. The eruption destroyed corn, bean, 
and coffee crops, a total of 21,000 acres of crops.1 This obviously has a negative 
effect on the nearby population, both as their food resources are destroyed, but also 
an economic one because they cannot sell their crops. The infrastructure, roads, 
bridges, etc. were also destroyed, leaving many stranded.

When Kilauea erupted in Hawaii, many people lost their homes and the island 
suffered significant damage to infrastructure. However, no deaths were reported in 
Hawaii because residents had adequate time for evacuation. The Hawaiian volca-
noes have less explosive eruptions due to their chemistry. Scientists have warning 
systems that track precursors to eruptions, such as earthquakes. Although it can be 
difficult to predict the precise day or even month of an eruption, when they notice 
an increase in earthquakes for example, they put up a warnings and begin evacuations.

1 Fecht 2018.
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Sometimes, even when the warning to evacuate does come, people refuse to 
leave. Some cultures carry beliefs about the godlike nature of volcanoes, believing 
that eruptions serve as a form of divine retribution. In certain islands of Indonesia, 
people refused to leave their homes during times of increased volcanic activity, 
believing that if they prayed and gave offerings, they would be saved. The unwill-
ingness to leave one’s home is logical to an extent. To evacuate means to abandon 
everything they have ever known and often one’s livelihood, which can seem too 
large a price when volcanic eruption predictions are often inaccurate. Even in 
Hawaii, some residents did not want to leave their homes and were skeptical of the 
danger. It is necessary that we learn to coexist with volcanoes and continue to 
improve methods of eruption prediction because, despite the danger and destruc-
tion, volcanoes provide tremendously beneficial services for the environment and 
for humans that live around them.

Volcanic-rich soils allow for crops to flourish, which is one of the reasons why 
people live close to volcanoes.2 For example, many crops are grown near the base of 
Vesuvius in Naples, Italy. Farmers in the area attest to the unique flavor of their 
grapes, tomatoes, and wine due to the rich volcanic soil. Volcanoes also form new 
land; the recent eruptions in Hawaii formed an entire mile of new land. Volcanoes 
provided beneficial gases early in Earth’s history to create a greenhouse effect, 
which warmed the planet Kay & Fuiten (this volume) and added amino acids to the 
Earth’s surface. The release of these gases allowed for life to develop. We need a 
greenhouse effect to stop too much solar radiation from coming down to the surface 
of the Earth. This is just one way that volcanism is related to climate change.

Kassandra  Do you think students are interested in climate change?

Sedelia  Oh definitely, my own son was already being taught about climate change 
in the first grade. I think that students nowadays are so aware of it—they might not 
look into it too much, but they know enough to be concerned. They are also aware 
that certain areas, for example, low-income neighborhoods are affected more by the 
changes in climate and pollution.

Kassandra  What effect do volcanoes currently have on Earth’s climate?

Sedelia  Historic eruptions by stratovolcanoes have had short-term effects on 
Earth’s climate with effects waning within a few years. These volcanoes typically 
cause cooling effects. For example, in 1991, the eruption of Pinatubo in the 
Philippines lowered global temperatures by about one degree Fahrenheit. Within 
2 years, the temperature returned to normal. Most volcanic eruptions do not affect 
the global climate significantly. Generally, an eruption has to be very large to have 
a global impact. Additional factors contribute to climatic changes, these include, the 
volcano’s location on Earth, where equatorial eruptions have been known to travel 
across the globe, and plume material has to reach the Earth’s stratosphere to effec-

2 Delmelle et al. 2015.
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tively disperse sulfur aerosols globally. Most volcanoes do not have any effect on 
climate, even in the short term.3

Kassandra  Do volcanoes play any role in climate change? In other words, how 
valid is the argument that volcanoes contribute as much or more to climate change 
than human activities like burning fossil fuels or deforestation?

Sedelia  Some people will say that volcanoes emit greenhouse gases (CO2, meth-
ane) that could affect our climate. However, the amount of gases emitted by volca-
noes on a yearly basis is not nearly enough to cause the climate change that has 
already happened in recent decades on Earth. Volcanoes that have been monitored 
recently and in the near past have not shown any levels that would contribute to 
global warming. Airplanes have more carbon dioxide emissions than volcanoes do 
today. Prehistoric eruptions, such as flood basalts, on the other hand, have been 
linked to mass extinction events. During these events, global climate has been 
affected significantly, many times leading to warming periods. In addition, we have 
seen ocean acidification conditions and tremendous loss of both flora and fauna.

Kassandra  What’s the big difference between the volcanic eruptions that occurred 
early in Earth’s history and had such a strong impact on climate versus the more 
recent volcanic eruptions that have little effect on climate?

Sedelia  As I mentioned earlier, in the Earth’s past, it has had large igneous prov-
inces or flood basalts eruptions, which are large eruptions of lava in relatively short 
periods of time, most of which formed large plateaus over much more extensive 
areas of land as compared to much more localized impacts of contemporary active 
volcanoes. A great example of these is the Siberian Traps.4 This continental flood 
basalt eruption was the largest eruption event in the history of the Earth. 
Approximately 4 million cubic kilometers of lava erupted within a million years, a 
short period of time, geologically speaking. Other researchers and I are looking into 
the effects of the Siberian Traps because, coincidentally, one of the largest extinc-
tion events that we’ve seen occurred around the same time. We haven’t seen this 
type of massive eruption for about 17  million years, since the Columbia River 
Basalts erupted. This eruption covered parts of Washington, Oregon, Idaho, and 
Nevada. It would take one of these huge eruptions to significantly impact climate on 
a global scale. In other words, we can’t blame volcanoes for our current global crisis 
but we can learn about their effects in order to mitigate future disasters.

Kassandra  How can volcanoes help cool the climate?

3 Robock and Mao 1995.
4 Rampino et al. 2017.
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Sedelia  When volcanoes erupt, they emit plumes of gases, ash, and rock. These 
gases, if erupted high enough into the stratosphere, can react to form aerosols. 
Sulfur dioxide (SO2) in particular can form aerosols that can block some sunlight 
from reaching the Earth’s surface. This creates a cooling effect. Some scientists 
have proposed monitoring the next volcanic eruption closely to see what happens to 
SO2 in the atmosphere before and after it mixes with water vapor to form aerosols. 
They also have proposed artificially injecting the atmosphere with such gases or 
other materials that reflect sunlight in order to slow down global warming.5 But, the 
idea is very experimental. Most scientists disagree with these methods of geoengi-
neering because we do not know what the side effects would be of doing this.

Kassandra  How does this process work, more specifically?

Sedelia  What they would do is fly a plane up to the stratosphere and release differ-
ent particles that can reflect sunlight, just like sulfur aerosols do. These particles 
would theoretically block sunlight, allowing the Earth to cool. It would obviously 
have to be a very large area to have a significant impact on the Earth’s temperature. 
This is known as solar geoengineering.6

Kassandra  What are the ethical considerations concerning solar geoengineering?

Sedelia  The big concern is that we don’t know what the unintended consequences 
of releasing these particles would be. Could there be chemical reactions in the atmo-
sphere that we did not anticipate? How would this affect people, animals, and veg-
etation around the world? Would there be changes in weather patterns, decreased 
rainfall, or would this process destroy the ozone layer (SO2 aerosols) and warm the 
stratosphere? In addition, there could be an unexpected “runaway” effect Kay & 
Fuiten (this volume) if the process could not be stopped. Even if scientists are care-
ful and conduct small-scale experiments, they cannot account for the long-term, 
large-scale side effects that could have world-wide consequences. Finally, this pro-
cess does not reduce CO2 emissions and some scientists worry that some govern-
ments would focus on this method instead of continuing to reduce CO2 emissions. 
There are just too many uncertainties at this time.

Kassandra  You mentioned in an earlier conversation that you talk about geoengi-
neering with students in your seminar. How can asking students to debate the costs 
and benefits of geoengineering allow them to connect more deeply with the course 
material?

Sedelia  Geoengineering is something that could definitely affect them since this 
would be a global event. The students in my class were already concerned about 

5 Gibbs 2019.
6 Kumar and Karmakar 2020.
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climate change, therefore contemplating the effects of such an endeavor made them 
think “wow, this could affect me or my family or my home directly.” They were very 
animated and opinionated about this, and most of their opinions about geoengineer-
ing were negative.

Kassandra  Since you’re teaching a First-Year Seminar, do you ever hear about 
students using what they learned in later classes or in their communities?

Sedelia  The connections that students make between their own experiences and 
their coursework can have a profound impact, both on the students and their local 
environments. One particular student, after studying geology, found out that the 
area where she went camping as a child, has rocks that are ideal for carbon seques-
tration (Baxi et al., this volume). She went back and studied these particular rocks 
for her senior thesis project and looked into the possibility of doing some carbon 
sequestration in that area. After graduating, she moved back to her hometown and is 
now teaching about the geology of the rocks among other topics at an elementary 
school in the area. This student’s experience and interests prompted her to explore 
intellectually and do something beneficial for her environment and community. 
That is the power of tying students’ learning to their lived experiences.7 I want my 
students to learn for the sake of learning and possess an authentic curiosity about the 
world, but I also hope that they take this knowledge and do something beneficial 
with it, especially considering current environmental issues.

Kassandra  Why do you think it is important for your students to draw a connec-
tion between sustainability, climate change, and volcanoes?

Sedelia  In order to truly understand climate change, one needs to understand the 
Earth. A multitude of factors influences climate change: ocean circulation, solar 
heat, sun spots, arctic winds, tectonic plate movement, and volcanoes. Some of 
these factors influence short-term climate change, such as volcanoes, whereas oth-
ers, such as tectonic plate movement, influence long-term change over millions of 
years. All of these factors interact with one another in complex ways and the effects 
of each can be difficult to separate from one another. These complex interactions 
make it incredibly difficult to create accurate models; when any of the factors fluc-
tuate unexpectedly, it can throw off the model. And, because there are so many natu-
ral factors, climate change skeptics can easily blame the influence of natural factors 
on our current accelerated climate change. A thorough understanding of the Earth 
provides one with the power to respond to skeptics and recognize the difference 
between natural and man-made climate influencers. In order to understand the 
Earth—and how to live sustainably with it—one needs to understand the science 
and its history, and volcanoes can provide much of that information.

7 Price 2018.
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Chapter 19
Perspectives on Teaching Climate Change: 
Two Decades of Evolving Approaches

Stephanie Pfirman and Gisela Winckler

19.1 � Setting the Stage

Since 1996, Columbia University and Barnard College have required that all under-
graduate environmental majors take a course called “Earth’s Environmental 
Systems: Climate.” (EES: Climate). Over time, the EES: Climate course content has 
changed, reflecting changes in the science as well as shifting perspectives of both 
faculty and students on critical aspects of climate systems. As one of the longest, 
continuously running, required higher education courses on climate, mapping these 
changes within the larger context of the evolving climate change issues is valuable. 
To set the stage for understanding our changing perspectives we first step back to 
take a broader look at the climate change issue.

Over the past two decades there has been a major shift in the academic commu-
nity’s approach to teaching about climate. At first, since most scholars working on 
climate came from the physical and earth sciences, we focused on the Earth’s natu-
ral energy balance, then increasingly we addressed how human activities are alter-
ing that balance  (See Fig.  19.1). From there the academic community began to 
explore the impacts of climate change, which raised questions of justice: emissions 
are primarily from developed countries, but developing countries will face major 
impacts without resources to manage them (i.e., Rosenzweig & Parry, 1994). That 
analysis naturally leads into actions that could be taken to reduce warming. Actions 
imply behavior change, on the part of individuals, governments, businesses, etc. 
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Fig. 19.1  Evolution of the perspective of the academic community on climate change, as reflected 
in the assessment reports of the Intergovernmental Panel on Climate Change (IPCC); modified and 
updated from Tariq. (Banuri et al., 2001)

Each of these changes in framing required broadening of the disciplines involved, 
for example, biology is needed to understand impacts, and the social sciences and 
humanities are required to consider the values that are behind the choices that lead 
to decision-making and action. Because all of the people who taught the EES: 
Climate class were trained in the natural sciences, we had to decide what was 
authentic to us in terms of presenting and discussing material beyond our profes-
sional training (see also Chap. 6 Rivera Maulucci, Pathways).

At the same time that perspectives in the scientific community were changing, so 
were public perspectives, but in a different way: towards politicization of the issue. 
In the mid 1990’s when we first started teaching the class, surveys indicate that 
about 40–50% of those surveyed thought that scientists believed that global warm-
ing was occurring (Fig. 19.2). While there was a divide along party lines even then, 
this polarization has grown over time to 87% of Democrats and only 44% of 
Republicans now thinking that global warming is occurring (Gallup, 2021). Over 
time, expressing concern about the climate issue effectively became seen as express-
ing a Democratic political view (Dunlap & McCright, 2008; McCright & Dunlap, 
2011). “… [P]articularly in 1997 when the United States signed (but did not ratify) 
the Kyoto Protocol on reducing carbon dioxide emissions, conservatives began to 
critique not only the proposals for reducing carbon emissions but also the evidence 
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Fig. 19.2  Percent of the public that thinks scientists believe that global warming is occurring. 
Note increasing consensus until 2008 after which politicization takes place and the curves separate 
along party lines. Gallup data reproduced with permission (10/29/2021)

for global warming itself” (Dunlap & McCright, 2008, p. 1). Furthermore, Lawrence 
Hamilton (2008) found “… that ideology can be a powerful filter. More educated 
people have greater confidence that they understand climate change science, and 
that this science supports their political predispositions.” (p. 677).

This politicization and polarization is felt by teachers in classrooms at all levels, 
from primary and secondary schools through colleges and universities. Responding 
to an online poll by the National Science Teachers Association, 82% of science 
educators answered that they had faced skepticism about climate change and cli-
mate change education from a student (NSTA, 2011).

It is a longstanding norm that scientists avoid advocacy in both research and 
teaching. Edwin Seligman et  al. (1915), in the Report of the Committee on the 
American Association of University Professors on Academic Freedom and Tenure, 
stated that

The teacher should be especially on his guard against taking unfair advantage of the stu-
dent’s immaturity by indoctrinating him with the teacher’s own opinions before the student 
has an opportunity to fairly examine other opinions upon the matters in question. (p. 117)

For many of us teaching about climate change, starting around 2007, we realized 
that we needed to change from explaining how and what we understand about what 
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is happening, to addressing what we can do about it. We were hearing from students 
that they wanted to know more about actions, and we were asked to provide action-
able advice related to our research as well. While most of us did not realize it at the 
time, this represented a shift from our scholar role to a scholar-practitioner role. For 
example, a report on the legacy of the 2007–2009 International Polar Year 
(IPY), stated,

While the community survey run by this committee revealed concerns when there is a ‘mix-
ing of advocacy with science’ there is a growing sense in the polar research and education 
community that IPY has made ‘knowledge to action’ a proper domain for scientists—in the 
past it was often disregarded as ‘activism.’ (National Research Council, 2012, p. 102)

However, as seen in these quotes, while ‘knowledge to action’ and practice grew in 
community acceptance, advocacy and activism still raise concerns.

Beyond the individual, activism is an issue of concern for the entire scholarly 
community. Government funding agencies, such as the National Science Foundation, 
are prohibited from using federal funds for lobbying. However, during the study 
period back in 2012, according to Brett M.  Baker, the NSF Assistant Inspector 
General for Audit, who analyzed potential advocacy in climate education proposals,

there are no such restrictions pertaining to the use of federal funds for public policy advo-
cacy that falls short of affirmative efforts aimed at influencing legislation. As discussed 
below, NSF does not have any Foundation-wide restrictions pertaining to public policy 
advocacy. (p. 1)

Thus, Baker (2012) found “a lack of policy, guidance and criteria on this issue” 
(p. 1). Furthermore, concerning the specific topic of climate education, Baker noted, 
“it is not clear how one would know the difference between delving into advocacy 
for a particular response and presenting evidence so that an informed decision can 
be made” (p. 2). Thus, at the time, the climate education and research community 
was left without clear-cut guidance for the difference between knowledge for action, 
informed decision-making, and advocacy.

While scientists teaching about evolution have long had to face these issues, the 
rest of the scientific community was largely distanced from being confronted with 
questions about their opinions or positions versus facts or a scientific consensus. For 
those teaching about climate, this was an unusual and sometimes uncomfortable 
situation. We realized that an inclusive classroom entails openness to diverse per-
spectives and values, which means that we would have to engage in negotiating 
conflict, if not within the classroom, then with respect to the larger politized context 
for the issue. As articulated by Jonathan Haidt (in Sara Wanous, 2019), people on 
the political left value issues such as intergenerational equity and are concerned 
about the vulnerability of the global poor, while those on the right resonate more 
with stewardship and patriotism. Those of us working on climate change needed to 
learn how to address these differences with authenticity—congruent with who we 
are and our own values—both in the classroom and beyond. Here we explore how 
faculty who taught EES: Climate over the years responded to this shifting landscape 
of both external context and internal responses.
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19.2 � History of Earth’s Environmental Systems: Climate

In 1994, Columbia University faculty from the Department of Earth and 
Environmental Sciences joined with faculty from Barnard College’s Department of 
Environmental Science to create three new integrated Earth System introductory 
courses: EES: Climate, EES: Solid Earth, and EES: Life. With support from a grant 
from the National Science Foundation and the Columbia Vice Provost at the time, 
Michael Crow (now President of Arizona State University), a team of faculty brain-
stormed ideas for the content and approach for the three classes. This process 
included adapting an online global data access tool, originally developed for 
research (Hays et al. 1998, 2000), to form the backbone of the corequisite 3 hour labs.

All Columbia and Barnard environmental majors are required to take these 
classes and the labs. In addition to majors, some students take the classes to fulfill 
the minor concentration, their general education requirements, or for personal inter-
est. Enrollment increased gradually in 2006–08, and more dramatically in 2009, 
from about 35–50 to more than 80 students per year (Fig. 19.3). While we are not 
exactly sure what caused this increase, in 2004, Columbia University introduced a 
new core requirement called “Frontiers of Science.” Part of this one-semester class 
addressed the issue of climate change, and all students were required to take an 
additional science class as well. Once students were introduced to the subject of 
climate change through Frontiers, they may have chosen to fulfill the second part of 

Fig. 19.3  Annual enrollment in Columbia/Barnard’s Earth’s Environmental Systems: Climate 
course from initiation to 2018
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their science requirement through the EES: Climate class. Other factors that might 
have contributed are the 2006 release of Al Gore’s “An Inconvenient Truth” and the 
dramatic Arctic sea ice decline in summer 2007, as well as the awarding of the 2007 
Nobel Peace Prize to the Intergovernmental Panel on Climate Change, which caught 
the attention of scientists and students on our campuses and elsewhere.

The goals of the class are to provide the fundamentals needed for understanding 
the Earth’s climate and the climate change issue. We focus on providing physical 
explanations rather than mathematical derivations of the climate system laws. There 
is a three-part structure to the class, where first students explore the role of the atmo-
sphere, then they explore the role of the ocean, and then in the last section, they 
develop an integrated understanding of climate with a focus on climate change 
(Fig. 19.4). It is this third part, the last section, which has experienced the most 
change over time. In 1997, the last 2 weeks of the course started with teaching about 
greenhouse gases and ended with modeled projections of the impacts of future cli-
mate change. By 2011, these topics doubled to 4 weeks, including impacts on food 
and health and mitigation as well as adaptation. As of spring 2018, these issues were 
covered over 5 weeks, representing 38% of the course (Fig. 19.4).

The increasing emphasis in this third section of the course on future projections 
and adaptation, as well as choices regarding mitigation, reflects what is felt to be 
important by the climate community (Fig. 19.1). Also, there was pressure from stu-
dents to connect the class more with actions. For example, a student responding to 
a spring 2006 course evaluation noted:

Fig. 19.4  Evolution of Earth’s Environmental Systems: Climate syllabus over time
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It would be nice if the atmosphere and ocean portions of the class include[d] a bit more 
information on what type of legislation and what is being done to protect these systems to 
keep them working in the future.

As we discuss below, and as the NSF Inspector General noted above, because these 
topics connect with choices through policies and actions, they have the potential to 
be perceived as political advocacy or activist.

19.3 � Student Perspectives

From the students’ perspective, this class has stood the test of time. During senior 
exit interviews, when we ask our undergraduate environmental majors, “what was 
the most valuable class you took as a major?” EES: Climate is consistently the 
course that comes to mind. When asked why it was the most valuable class, students 
state that it has a good balance of breadth and depth and lays a strong foundation for 
their future studies.

Analysis of 845 student evaluations from the 28 semesters spanning Spring 
1999–2017 (data are missing for nine semesters) indicates similarly positive student 
experiences. From the early days of the class up to 2017, they note in course evalu-
ations that they appreciate applying what they learned in this class both to their 
other coursework and to their daily lives. For example, a student wrote, “I loved 
applying principles of science to the real world, and learning all about the climate.” 
(Fall 1998, Casey, pseudonyms used for students throughout). Another student 
explained:

In this course, I was able to learn a lot about how Earth’s Climate System works, and how 
there are many factors and phenomena that play into effect. I was also able to become very 
familiar with basic physics and chemistry concepts for me to better understand the class. I 
am now able to tell others and teach others about why we experience different climatic 
events and weather patterns. (Spring 2016, Blair)

Both of these responses show how students were making connections between the 
course content, the real world, and their daily lives, even to the point of teaching 
others about “climatic events and weather patterns.”

For students, the last section of the course on climate change, global warming, 
impacts, and mitigation seems to have the most relevance. For example, many stu-
dents noted that the best part of the class was “the last third—greenhouse gas miti-
gation and climate change” (Spring 2006, Sidney). One student explained that they 
appreciated “The more discussion-oriented lectures at the end of the course [and] 
the subjects that applied to human impacts and future predictions” (Fall 2007, 
Adan). Part of the interest and relevance for students was that this section of the 
course focused more specifically on real-world issues. In addition, students appreci-
ated learning about “how and why” actions on climate change were important:
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I learned a lot about how and why climate change is important as well as the different 
mechanisms which go into climate change. I gained the insight into how and why it is 
important to mitigate carbon emissions and protect the atmosphere and ocean. (Fall 
2015, Lee)

Beginning in Spring 2006 and continuing, we see a few comments (8 out of 845) 
from students asking for more information about actions. Surprisingly, there were 
only two student comments regarding politicization or a lack of inclusiveness. Both 
of these comments were from the 2007 to 2008 transition period described above, 
where politics began to be increasingly associated with the issue of climate change.

One thing that I thought of throughout the semester was that … [the] lectures treat climate 
change global warming as something that will most definitely happen and … [don’t] give a 
lot of time to explain the positions of reputable scientists including people who participated 
in the IPCC who have different ideas about what the future world will look like. I do not 
think that … gives a balanced perspective on the topic of climate change. I personally 
believe that climate change is real but I’m not as alarmist as the IPCC. In … explanations 
we are made to believe that the IPCC is the sole authority on projecting climate change and 
that their reports present the definitive idea of what the world will look like in the future. 
However, there are many other reports by institutions and individual scientists who have 
different perspectives about climate change. The IPCC itself has a lot of institutional prob-
lems that we never discussed, which could have a profound impact on the reports that it 
issues. … never gave much credence to alternative opinions about climate change and I 
think that … [they] should because like all other important matters today there is not only 
one perspective on this issue. I’m not saying that … [they have] to endorse them—only 
that … [they] should mention that there are lots of people out there who do not fully agree 
with what the IPCC is saying or who do not agree with the way that the IPCC has worked 
to publish its reports—including several scientists who have become so frustrated with the 
single-mindedness of the IPCC that they have quit. All I ask is that … lectures [present] 
information that is not solely based on the IPCC reports. I understand that they are impor-
tant documents and present really important information about science but I think it is 
unfair and unwise to base so much of the information we learn in this class on the results of 
a single reporting group. (Spring 2007, Riley)

Regarding our use of the Intergovernmental Panel on Climate Change report as a 
teaching foundation, while the Third Assessment Report (2001) largely addressed 
climate change impacts and adaptations, the Fourth Assessment Report of (2007) 
was associated with taking action to mitigate climate change for development and 
sustainability (Fig. 19.1). Mitigation is always more politically charged than adapta-
tion as it requires being proactive rather than reactive. Another factor is that because 
of the long-standing media emphasis on balance (Boykoff & Boykoff 2007), what 
students were hearing outside of the classroom distorted the extent of disagreement 
among scientists, leading many to believe that there was stronger scientific evidence 
against projected warming than there actually was. As Boykoff & Boykoff 
(2007) stated:

However, one underconsidered factor—the very norms that guide journalistic decision-
making—plays a crucial role in the failure of the central messages in the generally-agreed-
upon scientific discourse to transmit successfully into US-backed international policy to 
combat global warming. (p. 12–13)
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The same student (Riley, Spring 2007) continued:

I also think that it is inappropriate to bring up recent political events such as Al Gore’s 
movie without presenting the other side of the argument or presenting the opposition that 
many scientists have had to both his science and his tactics. Whenever politics was men-
tioned in this class it was quite obvious that the professor[s] felt a certain way and wished 
to inform the class about that viewpoint alone. Just because most of the class may happen 
to agree with you doesn’t mean that you can only sing the praises of Al Gore and his per-
sonal environmental crusade. Something that I think would be much more memorable, 
effective and relevant to students’ lives would be to analyze the science he presented and 
then discuss from there without indicating agreement or disagreement with anything that he 
says. I know that this is a politically charged issue, and it’s an issue that is important to bring 
up but I think that the way it was done this semester was inappropriate because the other 
side was never presented or given a chance to speak. (Spring 2007, Riley)

Similarly, Jesse Spring 2008, noted:

The only thing I didn’t like … is that … lectures are consistently politically charged and … 
clearly pushing … [their] own agenda in the class rather than focusing on the actual science. 
(Spring 2008, Jesse)

These two students were clearly uncomfortable with what they saw as politics enter-
ing the classroom. At the time, we—the professors—did not see Al Gore’s film as 
political, but rather as a high-profile attempt to engage the public with the science. 
Through its inclusion, we thought we were making the class more relevant to the 
students. This input from students led to discussions and reconsiderations among 
the EES: Climate faculty about how to handle issues such as the perceived credibil-
ity of sources and different perspectives held by different scientists—including 
us!—as well as our students.

By 2011, the following comment from a student recognizes that the faculty have 
opinions, and the student does not feel that they are inappropriate to represent but 
rather wants to convey that we should consider how time in class is used.

Sometimes … [they] really inserted a lot of … [their] own opinions on the lectures, but not 
in jarring ways. (Spring 2011, Cody)

The only other comments regarding political aspects of the course that we saw in 
our review of the 845 student evaluations were in 2016, and they also refer to bal-
ance. But this student says that we can move on from making the argument that 
humans are causing climate change:

I also felt that the balance of lecture topics was a little off. We spent the entire second half 
of the course on showing that anthropogenic climate change is happening and that it is 
caused by humans—while I appreciated the detail, I don’t think anyone in the class was in 
any doubt that climate change is real, and I would have preferred to go into more depth 
about other climate topics. (Spring 2016, Taylor)

This comment from the same semester is noteworthy in that the student is more 
interested in the fundamental science, where we started with the class back in 1996, 
rather than the projected impacts and potential actions that we focused on increas-
ingly over the years.
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“The second half of the course is extremely dry. The very fundamental understanding of the 
climate system we acquire in the first half does not allow for a smooth translation into the 
largely policy- and forecast-based lectures we had in the second half. The material in this 
class is obviously hugely important and could inform students’ major declarations—and 
while I understand this kind of policy maneuvering and forecasting is what climate scien-
tists spend a lot of time doing, I would suggest deemphasizing the bureaucratic image. It’s 
a tiresome introduction to a vital subject. (Spring 2016, Shawn)

19.4 � Professor Perspectives

Originally Earth’s Environmental Systems: Climate was taught by 3–4 professors, 
with periodic rotation in and out of co-teachers. Thus, as of spring 2018, a total of 
32 different professors had co-taught the class. The course is now co-taught in the 
fall and the spring semesters by two professors each semester. From 1996 to 2008, 
Stephanie Pfirman taught the critical third part of the syllabus. In 2009, Gisela 
Winckler took over teaching it and continued through the spring 2018 study period.

19.4.1 � Pfirman Perspectives

I (Stephanie) came to this class with a background in climate science through my 
Arctic research and my experience with public-oriented climate change education. 
I was co-PI of the first major (>$1 million) National Science Foundation climate 
education grant, in 1991, for an exhibition on climate change: “Global Warming: 
Understanding the Forecast” jointly produced by the American Museum of Natural 
History and the Environmental Defense Fund. The exhibition largely followed the 
first report of the Intergovernmental Panel on Climate Change (IPCC 1990) and 
dealt with historic climate change, causes, and impacts of climate change, ending 
with a section called “What Can be Done.” Both Al Gore and Charlton Heston 
spoke at the exhibition’s opening in 1992, reflecting the lack of politics around this 
issue at the time (Fig. 19.5).

After the exhibition opened, I moved to Barnard and Columbia. One of the first 
things that I did was to work with Jim Hays at Columbia to develop the three Earth’s 
Environmental Systems courses as a foundation for environmental majors (Hays 
et al., 1998, 2000). As the leader of the spring EES: Climate class, when the IPCC 
reports began to emphasize future scenarios, as well as adaptation and mitigation, 
we expanded their scope in the course (Fig. 19.4).

I also remember students increasingly asking about actions. I have a vivid mem-
ory of teaching about projected climate impacts and saying something along the 
lines that “For the first time in human history, we have a pretty good idea of how our 
future will play out.” Students were completely quiet—and then asked me directly, 
“What are you doing about it?” My response was to get back into public educa-
tion—trying to change the public discourse towards action. This public outreach 
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Fig. 19.5  Charlton Heston and Stephanie Pfirman at the opening of “Global Warming: 
Understanding the Forecast,” American Museum of Natural History, New York, New York, 1992

coincided with the 2007 Arctic sea ice loss. My research is on Arctic sea ice, and 
when I saw that the September minimum was 23% below the average, I thought to 
myself, “Oh no! It’s going.” With such dramatic ice loss, I knew that the Arctic sea 
ice was likely to be more vulnerable to future warming and that the whole region 
was in danger much sooner than we had thought it would be.

I recall being shocked to see the two student comments in 2007 and 2008 course 
evaluations (quoted above) that criticized the political content of the course. As the 
lead professor, I was responsible for the overall student experience. The co-teachers 
had agreed that the course needed to address reducing warming through actions, 
such as switching to non-fossil fuel energy sources. This content must have been 
what the students referred to as pushing a political agenda. The comments from 
students really had a defining impact on me as a teacher and made me think about 
the difference between informing decisions versus advocating. At the same time, I 
was upset that a co-teacher, when asked what should be done about global warming, 
said that they were not a politician and so they would leave it up to politicians to 
make that decision. It felt to me that this stance was abdicating our responsibility as 
scientists (See also Chap. 6 Rivera Maulucci, Pathways, this volume). Would an 
infectious disease researcher who was asked what should be done in the midst of the 
COVID-19 pandemic not talk about vaccines?

When I moved on to teach other classes, these mixed feelings stayed with me. I 
felt that it was wrong to be political in the classroom, and I wanted to be inclusive, 
acknowledging diversity in student perspectives. At one point, I had a student in 
another class who came from a very conservative, fundamentalist religious back-
ground. I found myself choosing my words and becoming tense and vigilant not to 
sound political. I watched all the students carefully to see their reactions. At the 
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same time, to be authentic and true to the science, I felt that I needed to be strong 
about articulating actions that would reduce impacts.

Reading back through the EES: Climate evaluations in writing this chapter, I was 
surprised to see that in the entire history of teaching the class, these two comments 
in 2007 and 2008 were the only ones of the total of 845 responses regarding politi-
cization and lack of inclusiveness. This fact made me wonder if the comments were 
representative of the changing public discourse or because of the way the class was 
taught? The comments came just after the release of Inconvenient Truth (May 
2006), and when public opinions about climate change also became more politi-
cized (Fig. 19.2). The reference to Gore in the 2007 comment is perhaps the key. 
This reference was made right during that transition when concern for the climate 
was just beginning to be thought of as synonymous with being a Democrat. Some 
students may have thought that expressing the need to mitigate warming was the 
same as advocating for the Democratic agenda. Perhaps students taking the class 
after this time of transition accepted a political framing for the issue. Also, given the 
growing evidence regarding warming, they may have expected when they enrolled 
in a class about climate to encounter professors referring to the scientific consensus 
on the issue coupled with the need to take action.

19.4.2 � Winckler Perspectives

I started teaching Climate System in the spring of 2009. I had no prior experience 
teaching undergraduate students other than occasional guest lectures. Like many of 
my co-teachers in the class, I have a background in science (physics in my case) and 
no formal education in public climate change education or policy.

When I started teaching the class, the main challenge was introducing a robust 
and thorough understanding of the climate system and climate change, with mini-
mal math, as the class is open to non-science majors. Though initially challenging, 
I quickly started to embrace that concept and appreciate how this very idea of a 
systems class opens up the dialogue within the class and between the students and 
the professors.

Over the years, we have increasingly tried to incorporate modules in the lectures 
and lab that encourage exchange and discussion between the students. For instance, 
I have the class do a homework exercise based on the Princeton Carbon Mitigation 
Initiative: Stabilization Wedges (Princeton University, 2021). Students pick their 
high-priority strategies to mitigate climate change and write about the motivation 
behind their strategies. I compile the data from their responses and use a graphical 
illustration of their choices to trigger discussions in the ‘Climate Mitigation and 
Adaptation’ class. This graphical representation leads to lively and inspiring discus-
sions in the classroom that often extend after the end of class. It also translates the 
material to the students as relevant. I find these discussions the most interesting part 
of teaching the class. In the words of one of the students, “I especially enjoyed 
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Gisela’s lectures on mitigation strategies and global health impacts. She effectively 
got the class to participate in a discussion of different techniques and made this 
course all the more applicable to the real world.”

Reading back through the evaluations, I realize that my perspective has changed. 
An increasing number of students express interest and demand information beyond 
‘just’ learning about the scientific basics of the physical climate system. They regard 
climate change as a given and are more interested in comprehending potential solu-
tions concerning policymaking and technological options. This demand has led me 
to define my teaching role to improve basic scientific literacy and a deeper general 
understanding of the challenges related to sustainability and potential solutions. It is 
also my realization (or hope) that while not every student taking EES: Climate may 
opt to major in Earth or Environmental Science (and in fact, most do not), those who 
do not may be inspired to turn their attention towards developing decision-making 
and/or technologies required to mitigate the societal impacts of a rapidly changing 
climate.

19.5 � Other EES: Climate Professor and Teaching 
Assistant Perspectives

To expand beyond our own experiences as professors in the Climate class, we con-
ducted a Survey Monkey poll in spring 2018 of all professors who taught the class 
(besides ourselves), plus six Teaching Assistants (TAs), for a total of 36 invitations. 
We received 20 responses representing a 56% response rate. We asked six content-
based questions, and due to several non-answers to specific questions, we received 
112 responses. We found a surprisingly wide range of perspectives on what people 
thought was appropriate to teach in this introductory class. To represent this range, 
we selected responses categorized on three themes: integration of so-called climate 
“deniers” perspectives, consideration of issues relating to justice, and how to handle 
teaching about actions. We present the selected responses followed by a section that 
summarizes our views about their responses.

19.5.1 � Integration of “Denier” Perspectives

Regarding the issue of whether or not to tackle climate “denier” perspectives head-
on, some professors and TAs decided to focus on the science, while others addressed 
this through a consideration of varying values. Most of the comments below are in 
response to the question, “Is there anything that you would like to share with us 
about teaching climate change related to the issue of inclusion—for example, refer-
ence to “denier” perspectives?”
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19.5.1.1 � Focus on the Science

•	 It is worthwhile to discuss why the deniers’ claims are unfounded when they are 
and what issues they raise that are worth investigating.

•	 I will, where relevant, bring up common denier talking points and explain why 
they are incorrect or incomplete. The students really like this, I think because 
they feel ready to engage with friends and family who do have this 
perspective.

•	 Every year I conduct a poll (by using clickers) to probe the students’ views on 
climate change before the class. There are always some who are unconvinced 
that climate change is an issue and that it belongs as a topic in an Earth Science 
degree. They tend to have a more informed view by the end of the class and enjoy 
learning about the topic.

•	 I didn’t want to suggest that scientists were “split” on the climate issue like some 
anti-climate-change advocates try to claim. So I wasn’t worried about being too 
political because it was important for me to show that the science is robust 
regardless of what is said by politicians.

19.5.1.2 � Consideration of Values

•	 The opposition of the deniers is rarely rooted in a scientific disagreement, but 
more so in their basic value system—that is where I try to lead the discussion. 
With respect to deniers who may speak up in a group, I try to discover whether 
their stance is based on mistrust of information vs. ideology. If it is mistrust of 
modeling, for example, I encourage them to skip modeling altogether, and just 
review the historical data in order to draw their own conclusions. If it’s ideology, 
I try (briefly) to see if there’s a possibility to find common ground based on val-
ues. If it doesn’t look like it, I’ll note that such a stance has more place in a policy 
discussion and move on.

19.5.2 � Considering Justice

With respect to justice, again, there was a range of responses, with some professors 
feeling that this was outside of their area of expertise or outside of the appropriate 
scope of the class. In contrast, others addressed the social justice aspects of impacts 
and responses, and still others addressed the complexity of the issue. Most of the 
comments below are in response to the question, “Is there anything that you would 
like to share with us about teaching climate change related to the issue of justice—
for example, differential impacts on vulnerable populations?”
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19.5.2.1 � Outside class scope or personal expertise

•	 No, in my day we did not deal with this in the climate class. We just hoped to 
help the students understand the natural climate system and the possible impacts 
man could have on it.

•	 I don’t really discuss this much. Most of my classes focus on the scientific issues 
since that is my area of expertise.

•	 Important topic, but not one I would consider myself to be an expert in.

19.5.2.2 � Social Justice of Impacts and Responses

•	 I think that quantifying the impacts of global climate change is the most impor-
tant thing for the issue of justice—for example, quantifying the people who will 
die from flooding or famine, etc. can put the social impacts into better 
perspective.

•	 I mentioned disparate impacts as a social justice issue, but beyond that tried to 
stay away from anything political.

•	 That never came up in my part of the course. Certainly, the idea of differential 
impacts of climate change on vulnerable populations is an important one. But it 
is only fair to also recognize that responses to climate change will also have dif-
ferential impacts on different populations, and I think this is one reason for some 
of the resistance to doing anything about the problem. I’d like to think we can 
design climate mitigation policies to account for the different degrees of hard-
ship such policies will impose on different segments of the population. But I 
don’t have much confidence that our and other governments will actually take 
such things into account.

•	 Engineering fixes might be good for some regions, bad for others. Countries that 
can control the climate might do so for their own good, not the good of the whole 
planet. This is a great challenge.

•	 Should have more weight in the class. I addressed this more explicitly in [an 
upper-level class].

19.5.2.3 � Cultural/Intergenerational Complexity

•	 …justice is a complex concept that is maybe one that goes beyond this class. Just 
think of justice in a country, between generations, or globally between regions of 
different development. And the issue of justice also has adaptation and mitiga-
tion dimensions...

•	 I think it’s important not to generalize. All regions, countries, and cultures have 
different values and combinations of factors that matter with respect to environ-
mental stress, security, and justice. Climate change can be a very personal 
issue, I feel.
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•	 I’m not teaching in a formal classroom setting now, but when I talk to groups of 
students, I try to make the issue relatable on a more personal level through a 
discussion of financial resources. I invite them to think about impacts they’ve 
heard about—“slow-motion” (like a drought) vs. catastrophic (like a heavy rain-
fall event and flooding). How do people caught up in the impact cope, and what 
is the personal cost? What should people be expected to handle on their own, and 
when is there a line crossed to where community and/or government help is 
required? Because it’s a discussion, people have the chance to share their opin-
ions, and perhaps think through their stances more with additional input from 
their colleagues.

19.5.3 � Teaching about Actions

We also asked professors and TAs about the degree to which they incorporated 
actions in their teaching. Most mentioned that while they initially focused on sci-
ence, increasingly, they taught students to understand actions. One noted that “some 
students like to talk after class about climate change issues and how we can respond 
to that.” As the issue is developing into a crisis, many have now moved on to also 
recommending actions. Most people teaching the class are also climate researchers 
and perceive the issue as important to address. Milman et al.’s (2017) survey of the 
motivations of interdisciplinary climate change (IDCC) scholars found that 
“Respondents’ decisions to conduct IDCC research are driven by personal motiva-
tions, including personal interest, the importance of IDCC research to society, and 
enjoyment of interdisciplinary collaborations” (no p. #). In fact, “92% conduct 
IDCC research to address issues of societal importance” (no p. #). Most of the com-
ments below are in response to the questions:

•	 Has your approach to talking about actions changed since when you first started 
teaching about climate change in general, not just in this class?”

•	 In teaching the EES: Climate class, did you encounter any issues regarding 
teaching about mitigation actions? Did you feel that it was appropriate or inap-
propriate for you to discuss actions? For example, did you have concerns about 
being “political” or being perceived as an advocate? Did you consider being 
inclusive to different perspectives on climate action?”

•	 Is there anything else that you would like to share with us about teaching climate 
change in general?”

19.5.3.1 � Focus on Understanding Climate Science

•	 I began my quest to understand the climate system because I found it interesting. 
Now it’s obvious that it is critical in developing a sustainable environment. This 
makes the understanding an urgent matter...
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•	 When I taught this subject in [another class] I got positive feedback from the 
students for making it all about the science and leaving out the politics.

•	 No [teaching has not changed], but this may be because I still feel like a bit of an 
outsider to the field, so I wouldn’t feel comfortable promoting actions as an 
“expert”.

•	 I would not say that I have concerns about being “political” or perceived as an 
advocate. I would instead say that it is my strong preference not to use the posi-
tion of instructor to try to shape political views in a class about science. In my 
section of the class, I repeatedly emphasize my belief that the students can form 
and hold whatever opinion they prefer on the decisions that our government and 
society should make, but that their opinions about climate should be grounded in 
scientific understanding.

19.5.3.2 � Understanding the Science of Actions

•	 If one sticks to the natural science facts (which this class should) there is enor-
mous consensus as articulated by the IPCC process. If one talks about adaptation 
and mitigation measures one can show the natural science dimension of these ... 
again not so controversial. But when going into recommendations for political 
actions I would think one should be more inclusive ...

•	 Yes. I have been dismayed at how the perception of the science of climate change 
has been contaminated by people’s views about whether something should be 
done about it. I try to separate the science from the possible policy response. And 
for the latter, although I strongly favor action, I am willing to accept the view of 
others that they may be the losers in any action that is taken to mitigate climate 
change, as long as they are willing to consider the possible ramifications of not 
doing anything and to realize that uncertainty about the magnitude of climate 
change goes in both the “not as bad as predicted” and “worse than predicted” 
directions.

•	 I found that the students were very interested in the discussion of future climate 
change and adaptation vs. mitigation, to the point that some of them expressed 
the wish that I’d spent more time on that topic. I tried to steer clear of political 
discussions, and instead relied on information … to allow the students to come 
to their own conclusions about what the effects of continued increasing CO2 
emissions might be. I was also careful to note that there is a difference between 
what we can do to adapt/mitigate climate change, and what communities decide 
to do, based on risk assessments, financial abilities, other social priorities—
where there is certainly plenty of room for discussion.

•	 Certainly, the specific agreements that I discuss have changed. For example, 
Paris accords didn’t exist. Also, the landscape for renewables (wind and solar) 
has changed significantly over the years, and my teaching has reflected this.
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•	 Yes, my approach has evolved to focus much more strongly on mitigation and 
resilience rather than on prevention.

•	 Yes, I would now much more deeply consider avoiding direct advocacy. Talking 
about advocacy is something I would consider but I would stop short of advocat-
ing for my position.

19.5.3.3 � Recommending Action

•	 I believe the response side should be (more) prominent...maybe by now, it is...
•	 I feel it is appropriate to discuss mitigation. I presented a range of proposed 

ideas, including those I didn’t agree with. I did try to be cautious about present-
ing my own opinion but did express my opinion when asked.

•	 I think of myself as welcoming towards all perspectives on climate *action* and 
I consider the science to be very clear about the consequences of *inaction*. I no 
longer think of things as political on that level.

•	 The impact of anthropogenic climate change is of increasing concern. We have 
to do something.

•	 Yes—my focus has certainly shifted somewhat towards solutions, and I don’t 
hesitate to provide my viewpoint after discussing the various aspects of a poten-
tial remedy.

•	 Yes, I had a paper published that got a lot of attention and forced me to more 
prominently voice my opinions, and this affected my approach.

19.6 � Outlook

We found that Columbia and Barnard professors have a wide range of perspectives 
on teaching about climate change. They are thoughtful in crafting their classroom 
strategies to navigate a commitment to students and society on this critical issue. We 
also found that students—mostly—accept this range of engagement and approaches 
from professors. Why might this be the case? Potential explanations are (1) that the 
political values of the students largely align with those of the professors or fellow 
students, (2) students respect the authority and/or authenticity of the professors, and 
(3) the facilitation style of the professors. Regarding political alignment, April 
Kelly-Woessneor and Matthew Woessner (2006) found that almost 90% of students 
believe that they know their professors’ political leanings. As the climate became 
politicized over the years, students who do not align with the largely Democratic 
association with the issue may not become environmental majors. As noted by 
Diana Hess (2018), “… my students suggested ... [t]hey had conservative friends 
who simply avoided courses with an environmental or climate-related theme. ... 
some also did not want to be in courses that they perceived to have a liberal agenda.”
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The facilitation style of the EES: Climate professors varied widely, ranging from 
intentional integration of controversial material to avoidance. Several of the Climate 
class professors were explicit about leaving politics and political action out of the 
class. One professor considered varied student responses as a normal part of being 
a professor, noting, “I receive mixed reviews every year about every aspect of my 
teaching, including how students feel about these issues.” Hess and Paula McAvoy 
(2009), in their study of high school teachers and students, similarly found a con-
tinuum of disclosure of opinions on controversial subjects on the part of teachers, 
ranging from pure neutrality to sharing views when asked, to explicit disclosures. 
Alan McCully’s (2006) study of community educators reported that such disclo-
sures could come from a desire for authenticity and avoid risking their students’ trust.

Several professors commented that they felt that issues like climate justice and 
recommendations for action were outside their areas of expertise. However, many 
respondents described an evolving approach to teaching about climate. Sometimes, 
they learned from experiences gained through their research, other classes, or public 
speaking that they could handle conflicting responses and become more comfort-
able talking about other aspects of this issue. As Sabine Roeser (2010) observed, 
leaving out ethical issues leads to “complexity neglect.” Roeser (2012, p. 4) argues 
that to motivate action, educators and communicators should incorporate “appeals 
to emotions such as feelings of justice and sympathy for victims of climate change, 
in the present and future generations.”

In 2020, many colleges and universities provided forums to address systemic 
racism. Workshops and other professional development helped train people to deal 
with conflict, emotions, and discomfort and improve classroom discussions on val-
ues and justice. Perhaps climate educators can learn from these experiences and 
push themselves and their colleagues to move beyond their comfort zones. If we do 
not grapple more directly with teaching the complexities of the climate issue, who 
will? In the words of the EES: Climate course professors:

The issue became more urgent.
… the science more definite.
… the need for action became more pressing.
… we have to do something.
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Chapter 20
Building a Circular Campus: 
Consumption, Net Zero Emissions, 
and Environmental Justice at Barnard 
College

Sandra Goldmark, Leslie Raucher, and Ana Cardenas

20.1 � Welcome to Your First Year Seminar: Please 
Wear Gloves

In the spring of 2018, a group of students gathered around a table in a small class-
room tucked behind a stairwell in Milbank Hall. A blue tarp was spread out on the 
table, and three bags of garbage were spilled out onto the tarp. Many of the students, 
all first-years, were still close enough to their high school selves that they indulged 
in exclamations like “eew, gross!” Equipped with gloves and safety goggles, how-
ever, even the most squeamish eventually got to work methodically sorting and 
weighing the contents of the bags, which had been destined for landfill. They deter-
mined that 50% of the contents of the 67 pounds of waste could have been recycled, 
and 21% could have been composted. Many students seemed dismayed at the lack 
of basic waste sorting. One pulled a Poland Spring water bottle out of a mound of 
trash and exclaimed, “but this is, like, recycling 101!”

This waste audit was part of a first-year seminar called “Things and Stuff,” an 
examination of the origins and impacts of modern American patterns of consumption. 
The structure of the waste audit had been adapted from a Waste Management course 
taught for many years by Professor Peter Bower in Barnard’s Environmental Science 
department. Professor Bower’s course examined waste systems on campus and in 
New York City, and involved, quite literally, digging deep into the trash at Barnard. 
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The results reported by Professor Bower’s students corroborated the slightly more 
creative interpretations of the first-year seminar students, putting specific numbers to 
what can be casually observed with a glance in almost any waste receptacle on cam-
pus: it is a poor showing, with the basic tenets of recycling 101 regularly ignored. 
Monthly reports from our waste hauler confirm; our average diversion rate hovers at 
around 21%. By comparison, zero-waste plans typically aim for a 90% diversion rate.1

Why were our diversion rates at Barnard so consistently low? Why were our trash 
cans filled with compostable food and recyclable plastics, despite a campaign to rede-
sign signs, waste-sorting tutorials offered to students, faculty, and staff, and compost 
bins placed in every academic building and hand-delivered to 26 offices and 3 dorms? 
Why did our students consistently observe members of the community walk casually 
up to a waste sorting station and dump an entire tray full of food, plates, and service 
items, unsorted, into the trash? And, as one student noted, if we can’t even recycle 
properly at this point in the game, what hope do we have of ever coming together to 
form a collective, coherent response to the full range of climate challenges?

While waste is a common entry point into sustainability learning and planning, it 
is also often just that – a starting point. As the students enrolled in “Things and 
Stuff” learned, and as demonstrated by Barnard alumna Annie Leonard in The Story 
of Stuff, once you start to really look at your trash you wind up pulling on a thread 
that quickly becomes a web – an interconnected nexus of consumption that will 
snare you in questions of human rights, global manufacturing, product design, 
human psychology, global inequality, and modern economics. As the first-year sem-
inar students learned, our trash can speak. The students, in addition to picking 
through banana peels and name tag lanyards, read A History of the World in 100 
Objects, in which Neil MacGregor argues that the objects that surround us tell an 
eloquent story of “the world for which they were made,” a story that is especially 
important because histories told only in words and texts are inherently less equita-
ble, inevitably privileging literate societies (MacGregor, 2011, pp. xv–xvi). Even in 
the highly literate and often over-sharing world of a college campus, we can find 
truths in the trash that would otherwise go unsaid. When our students started exam-
ining the objects in our garbage bags, they opened a conversation not only about 
what we toss, but what we buy, what we allow ourselves to see and what we hide, 
and ultimately, what we value. As another of their seminar readings pointed out, 
trash provides “potent, unique clues about the inner workings of society and country 
that could be found nowhere else” (Humes, 2012, p.  155). For, as the students 
quickly saw, the problem in our trash wasn’t just a failure of “recycling 101.” Yes, 
we should all stop and recycle properly – but it’s not what we need to focus on. As 
Leonard argues, “Recycling is easy: it can be done without ever raising questions 
about the inherent problems with current systems of production and consumption, 
about the long-term sustainability of a growth-obsessed economic model, or about 

1 “Since the mid 1990’s, international and US organizations have used 90% or more diversion from 
incineration and landfill as the equivalent of Zero Waste. This is considered Zero Waste even if 
some materials – 10% or less – would still be wasted; even as the Zero Waste concept includes a 
no burn no bury epithet” (Zero Waste International Alliance, n.d.).
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equitable distribution of the planet’s resources.” (Leonard, 2010, p.  233). Good 
design, reuse, and repair are all steps to not just better sort our waste, but to avoid 
creating it, and the associated emissions, in the first place. But the first step is to 
understand how the objects we toss – or don’t toss – connect us to each other and to 
the rest of the world.

When we pull on the threads in our waste, we quickly see how our consumption 
ties us together across the city and the globe. If we truly strive to build a campus that 
champions diversity and inclusion, we cannot ignore the impacts of consumption, 
large and small. To cite just three examples of how consumption intersects with 
equity and inclusion, both near and far: In a 2017 community meeting, Barnard 
Facilities staff reported their frustration at how people thoughtlessly tossed full 
plastic cups of iced coffee in the trash – the bags would often break, spilling liquid 
all over their feet and ankles, and creating additional work; New York City’s waste 
transfer stations are disproportionately located in low-income communities2 – the 
more waste we create on campus, the more the impacts of sorting that waste falls on 
neighboring communities; the low prices American consumers, including on our 
campus, have come to expect are made possible by low wages paid in manufactur-
ing communities around the world, largely women and people of color in the 
Global South.3

These intersecting impacts and inequities are revealed by our trash, and both in 
the first-year seminar and in our sustainability programming on campus, we strive 
to look for an intersectional response, one that will lead to better recycling rates, 
yes, but that will also support a healthy ecosystem, support our students’ access to 
affordable supplies, save the college money, share resources with our neighbors 
here in New York City, and reduce emissions of greenhouse gases. For when we 
look at the source of all that trash on the blue tarp, we find that the actions and 
behavior patterns they represent are a significant source of Barnard’s overall emis-
sions. One Poland Spring bottle is not that big a deal. But the indirect emissions 
from our food, our travel, our purchases, and our waste, collectively referred to as 
Scope 3 emissions (as distinct from Scope 1, emissions from fuel combusted on 
campus or Scope 2, emissions from purchased electricity), represent as much as 
two-thirds of Barnard’s total emissions, as we will discuss in more detail in a later 
section. The charts in Fig. 20.1 illustrate how significant Scope 3 emissions can be 

2 Several communities in New York City (most notably North Brooklyn, the South Bronx, Sunset 
Park and Southeast Queens) have become saturated with privately owned and operated waste trans-
fer stations where waste is shifted from collection vehicles to long haul trucks, bringing thousands 
of heavy diesel trucks through these communities each day, communities with some of the highest 
asthma rates in the country. Since the closing of the Fresh Kills landfill (which re-routed most of 
NYC’s residential waste to these same communities), over 75% of the City’s entire solid waste 
stream is now processed in a handful of communities throughout New York City (New York City 
Environmental Justice Alliance, n.d.).
3 For an example from just one industry, the fashion industry, which generated $2.5  trillion in 
global annual revenues before the pandemic (Amed et al., 2021), employs about 75 million people, 
80% of whom are women (Fashion Revolution, n.d.). The people who make our clothes usually 
earn less than a third of what they need to meet their basic needs (Labour Behind The Label, n.d.).
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Fig. 20.1  Barnard Emission Sources, 2005–2020, with an estimated contribution of Scope 3 emis-
sions at right

on a college campus. At left are the emissions as reported in a typical protocol, for 
example to the Mayor’s Carbon Challenge in New York City, where Barnard has 
reported for several years. Emissions from waste are the only Scope 3 category 
included. At right are Barnard’s total emissions with a much more comprehensive 
estimate of Scope 3 emissions, including travel, food, and purchased goods. These 
estimates are being developed with consultants from Energy Strategies, as part of 
Barnard’s overall pathway to net zero emissions. The Scope 3 emissions are clearly 
significant; more importantly, the behaviors associated with them are at the core of 
how we live as a community, how we spend our money, and what we value.

Given the significant impact, both local and global, of Scope 3 emissions and the 
social ramifications of addressing the associated behaviors, the questions posed by 
the garbage spilled over our seminar classroom table pointed us to a response based 
on principles of justice and circularity. This chapter will explore Barnard’s efforts to 
build a circular campus, an effort spearheaded by the Office of Sustainability and 
Climate Action in collaboration with multiple campus partners, including student 
groups, the Office of Diversity, Equity and Inclusion, the Office of Community 
Engagement and Inclusion, Access Barnard, Finance, Academic departments, 
Facilities, and students. It will also discuss our work with external partners like 
Bloxhub, a Danish innovation hub specializing in urban sustainability, the Ellen 
MacArthur Foundation, a world leader in circularity, and Rheaply, a circularity 
startup. With these partners, Barnard has developed a Circular Campus framework 
with five main areas of focus:

	1.	 Reuse and Sustainable Purchasing
	2.	 Design, Construction, and Deconstruction
	3.	 Waste
	4.	 Food and Dining
	5.	 Green Spaces

This chapter will discuss the reasoning behind our approach, share specific case 
studies from our campus and from other institutions, and make the case for circular-
ity as a dual strategy to reduce environmental impact and support environmental and 
social justice by increasing equity, affordability, and access for students and neigh-
boring communities. It should be noted that, at Barnard, we are just starting out on 
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our journey towards a circular campus. We do not have all the answers on how to 
achieve our vision. Our goal in writing this chapter is to share our progress so far 
and to help other institutions realize their own goals. As such, we describe our pro-
cess and provide as much “how-to” information as we can, so that others can iterate 
and build upon our work. At the same time, we write to learn as much as to teach. 
Circularity, by definition, benefits from diverse inputs, resource sharing, and 
community.

20.2 � Why Circularity?

Barnard’s Circular Campus is a holistic, systems-based framework designed to 
reduce emissions, waste, and costs, transform consumption patterns on campus, 
increase access and affordability for students, and support the transition to a just, 
sustainable economy. This framework is helpful in connecting the dots between 
hundreds of seemingly disparate to-do items in a sustainability action plan, from 
improving diversion rates to creating healthy green spaces to supporting sustainable 
and ethical procurement. The framework can be integrated into and support a 
broader pathway to net zero emissions or carbon neutrality. It’s a way to bring 
together stakeholders who may operate in separate silos but whose work, in fact, is 
interconnected and interdependent, especially when trying to move sustainable 
changes through an organization. On a deeper level, building a circular campus is an 
opportunity to ask ourselves what we really value, and then build a pattern of con-
sumption that reflects those values.

A circular campus is one where, yes, waste is properly sorted  – and greatly 
reduced. But it is also a campus where resources – from textbooks to food to green 
spaces – are shared, within the campus and with local neighbors. It is a campus 
where access to those resources is as evenly distributed as possible, by leveraging 
social interconnectedness. It is a campus where we feel the threads that connect us, 
through our objects and our actions. It is a system where resources and benefits flow 
easily to where they are needed, and where “recycling 101” is no longer disre-
garded, or better yet no longer needed, because habits, norms, and cultural patterns 
support and reinforce sustainable and ethical purchasing, sharing, reuse, repair, and 
renewal.

Beyond the campus, circularity has been identified as a critical component of a 
global climate response. As defined by the Ellen MacArthur Foundation (EMF), a 
circular economy is a systemic approach “that tackles global challenges like climate 
change, biodiversity loss, waste, and pollution. It is based on three principles, driven 
by design: eliminate waste and pollution, circulate products and materials (at their 
highest value), and regenerate nature.” In contrast to the “take-make-waste” linear 
model, a circular economy is regenerative by design and aims to gradually decouple 
growth from the consumption of finite resources (EMF, n.d.-a).

The problems circularity strives to address are clear: natural resource extraction 
and processing make up approximately 50% of total global greenhouse gas 
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emissions (United Nations Environmental Programme (UNEP), 2020). Household 
consumption accounts for between 50% and 80% of total land, material, and water 
use (Ivanova et al., 2016). And yet consumption continues to grow, especially in the 
United States, home to 5% of the world population and responsible for 25% of 
global consumption (Scientific American, 2012). Globally, since 1970, the popula-
tion has doubled while the use of resources has tripled, and it could double again by 
2050 if business continues as usual (UNEP, 2020). This pattern of production and 
consumption not only creates carbon emissions, but it also contributes to habitat 
loss and reduced biodiversity. As the 2021 Biodiversity and Climate Change 
Workshop Report co-sponsored by the Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services (IPBES) and the Intergovernmental Panel 
on Climate Change (IPCC) argues, the problems of climate, biodiversity, and human 
behavior – i.e., consumption – cannot be separated and must be tackled holistically:

Only by considering climate and biodiversity as parts of the same complex problem, which 
also includes the actions and motivations and aspirations of people, can solutions be devel-
oped that avoid maladaptation and maximize the beneficial outcomes. (IPBES and 
IPCC, 2021)

Faced with these intertwined challenges, the EMF report “Completing the Picture” 
argues that circularity offers intertwined benefits, both reducing emissions and 
“meeting other goals such as creating more liveable cities, distributing value more 
widely in the economy, and spurring innovation” (EMF and Material 
Economics, 2019).

This concept of multi-layered, shared benefits can be deepened by an explicit and 
conscious utilization of an environmental justice lens as indispensable to any circu-
lar approach. Some critics have argued that the circular economy, especially as con-
ceptualized by the global business community, has not done enough to consider 
inclusivity, social justice, and antiracism. Raz Godelnik, Professor of Strategic 
Design and Management at Parsons School of Design – The New School, writes:

In the past this deficiency could be dismissed with arguments like ‘the circular economy 
would improve air quality and reduce water contamination, therefore it has an implicit 
social value’, but not anymore. In 2020, implicit intentions are not enough anymore – if you 
believe in something you need to be explicit about it on every level, from design to execu-
tion. (Godelnik, 2020)

This important critique invites us to remember that circular principles are nothing 
new, and can be found far beyond business models, policy think tanks, and econo-
mists’ conceptions of growth; nature has practiced circularity for thousands of 
years, as have human beings around the world.

In nature, waste does not really exist. Material by-products from one system are 
raw materials for another, creating mutually adaptive and regenerative systems that 
have proven successful for thousands of years. The water cycle is a large-scale 
example of circularity in nature: in the hydrologic cycle, the sun evaporates the 
water from the surface of the earth, which then rises as vapor. As the vapor contin-
ues to rise in the air, it gets cold and changes back into liquid, forming clouds, which 
then falls down to earth as precipitation, and is stored in oceans, lakes, glaciers, 
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snow caps, rivers, and below the ground in aquifers. The hydrologic cycle is a con-
tinuous cycle that has no beginning or end; it allows the planet’s ecosystems to 
thrive and can serve as a model for human-built systems including water or resource 
management. On a smaller scale, biomimicry can also offer circular solutions for 
product design, from waterproof clothing to aerodynamics to packaging. Whether 
taking inspiration from the water cycle for urban planning to creating food packag-
ing inspired by silkworms,4 nature can point us to circular, innovative, and collab-
orative solutions in the design of both products and systems.

We can also learn from cultures that have historically proven to be good stewards 
of nature. Robin Wall Kimmerer, professor and enrolled member of the Citizen 
Potawatomi Nation, writes of the power of reciprocity and exchange in “The Gift of 
Strawberries,” demonstrating that a culture of exchange not only helps to distribute 
resources and share abundance but also creates and strengthens networks and rela-
tionships (Kimmerer, 2013). Based on these principles, building a circular campus 
becomes about more than recycling, waste, or even greenhouse gas emissions; it is 
about creating a more equitable and just community.

The need for this type of equitable approach is just as clear as the need for global 
emissions reduction. The links between environmental harm, social inequity, and 
extractive, linear systems have been well documented. Lisa Woynarksi (2020, 
p. 56), citing Theresa J. May, writes of the “lockstep between systemic social injus-
tice and environmental lunacy. The so-called natural disaster has exposed the unnat-
ural systems of domination buried under decades of business as usual, unearthing a 
white supremacist patriarchy through which racism, poverty, and environmental 
degradation are inseparably institutionalized.” But, just as the harms of environmen-
tal degradation are linked with inequity, so can the solutions be linked with justice:

For the greater part of human history, and in places in the world today, common resources 
were the rule…The market economy story has spread like wildfire, with uneven results for 
human well-being and devastation for the natural world. But it is just a story we have told 
ourselves and we are free to tell another, to reclaim the old one… When all the world is a 
gift in motion, how wealthy we become. (Kimmerer, 2013, p. 31)

The principles of circularity, in very concrete ways, can help distribute benefits and 
resources more equitably. Garry Cooper, the founder of Rheaply, a reuse platform 
that Barnard recently adopted, writes that “aside from its environmental benefits, 
the circular economy promotes resource sharing that will make it easier (and 
cheaper) for people of all socioeconomic groups to obtain necessary items” (Cooper, 
2020). From very different vantage points, Kimmerer and Cooper identify circular-
ity and sharing as a way to distribute resources where they are most needed, one 
tangible path towards a more equitable and just pattern of consumption.

4 Mori, a Boston-based technology company, develops a protective silk coating product that extends 
the shelf life of perishable foods to prevent food waste (Mori, n.d.). The edible silk-based coating 
was developed by MIT Assistant Professor Benedetto Marelli (Apte, 2020).
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20.3 � Why Higher Education?

According to the Ellen MacArthur Foundation, “if US higher education expendi-
ture were a country, it would be the 21st largest economy in the world” (EMF, 
2020); an industry-wide transition to circular systems would have a significant 
impact in and of itself. But a single campus is much smaller – and a contained 
economy can also be incredibly valuable as a type of petri dish. A campus is in 
many ways a microcosm of the larger world, with formal and informal systems for 
work, living, dining, purchasing, green spaces, waste, and decision making. But 
unlike larger communities, colleges and universities have significant capacity to 
influence behaviors through teaching, research, management, and purchasing 
power. In addition, research and educational institutions have the capacity to exper-
iment, including a built-in corps of people interested in pushing the boundaries of 
knowledge. This type of small-scale testing ground is well suited to supporting a 
larger transition, as the circular economy still has plenty of room to grow: the 2021 
Circularity Gap Report notes that “100 billion tonnes of materials enter the global 
economy every year and only 8.6% is cycled back into the economy” (Circle 
Economy, 2021). Figures like this make Barnard’s 24% diversion rate look less 
discouraging.

In addition to their capacity to develop and test circular approaches as part of 
sustainability management, college campuses over the previous decades have been 
a testing ground and incubator of policies designed to support diversity, equity, and 
inclusion. Taffye Benson Clayton, inaugural VP and Associate Provost for Inclusion 
and Diversity at Auburn University, writes that “addressing educational inequities 
has been the focus of institutional diversity, equity, and inclusion (DEI) operations 
for years. However, the recent triple crisis – the COVID-19 pandemic, the systemic 
racism in this country, and racial inequities in higher education – has prompted a 
clarion call for more effective strategies that will result in more equitable outcomes 
for underrepresented populations by placing DEI at the core of our institutional 
practice” (Clayton, 2021). The climate crisis presents challenges that are equally 
daunting and intimately linked with those cited by Clayton. As such, campuses are 
well positioned to link their work on DEI and climate action. The synergies of cli-
mate action and DEI, plus the capacity to pilot innovative educational and opera-
tional models make campuses an ideal testing ground for circular systems rooted in 
justice and inclusion.

20.4 � Why Barnard?

So, who were those first-year students picking through the trash, and how might the 
particularities of the college they chose support or inhibit a circular model? 
Circularity as a theoretical framework may be very appealing, but as in nature, the 
specifics of the actual ecosystem will determine real needs and outcomes.
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Barnard College is a private women’s liberal arts college located on the Upper 
West Side of Manhattan between 116th and 120th Streets along the west side of 
Broadway, beside the Hudson River and a few blocks from Central Park, on the 
traditional land of the Lenape people. Barnard has a total undergraduate enrollment 
of approximately 2700; nearly 95% of students live on campus (pre-pandemic). The 
College consists of 16 buildings totaling approximately 1.4 million square feet on 
four acres, with 251 faculty and 639 staff. Barnard is a self-sustaining entity under 
the Columbia University umbrella; Barnard is one of the University’s four colleges, 
but it is largely autonomous, with its own leadership, finances, and administration, 
and its own distinctive approach to historically women’s education. Barnard stu-
dents can take classes, play sports and join organizations at Columbia just across the 
street, and Columbia students have the same opportunities at Barnard.

Within the context of American higher education, Barnard’s location and history 
make the college a strong candidate for taking a leading role in addressing Scope 3 
emissions – the “everything else” after fuel combustion and electricity – and adopt-
ing a circular approach. As an urban campus, Barnard has close ties with Columbia 
University and dozens of other institutions, from near neighbors like Union 
Theological Seminary, Jewish Theological Seminary, and Manhattan School of 
Music to those slightly farther afield, like Fordham, the New School, NYU, Brooklyn 
College, FIT, the CUNY system, plus many more organizations, from public schools 
to museums to community organizations. This type of rich network is ideal for 
building robust circular patterns – as in a thriving ecosystem, abundant resources 
can be moved through the urban system.

In addition, Barnard’s location in New York in some ways limits the College’s 
capacity to creatively and aggressively address Scope 1 and 2 emissions; Barnard is 
tackling these sources, but the College is not in a position to, for example, erect a 
large solar array on campus. Along with our neighbors, our path to electrification 
and net zero will be closely tied to developments in city and state energy policies. 
This does not mean that we will not put resources into tackling Scopes 1 and 2 emis-
sions, but it does mean that we can be most creative and impactful, both in terms of 
our own emissions and in terms of advancing research and shared knowledge, by 
taking an innovative and aggressive approach to Scope 3 emissions and circularity.

Finally, Barnard’s history as a women’s college may provide a special logic for 
pursuing the historically undercounted and too often overlooked data behind Scope 
3 emissions. Since the history of emissions reporting lies in many ways with cities, 
it is understandable that sources related to the built environment, like electricity and 
fuel, might be counted first. But this approach may have been misleading when we 
consider a community more comprehensively; carbon footprint analyses undertaken 
at Barnard indicate that Scope 3 emissions account for as much as two-thirds of our 
total footprint (see Fig.  20.1).  This significant source of emissions is rooted in 
consumption-related behaviors – food, purchasing, travel, and other lifestyle-related 
activities – that are often associated with the “feminine” sphere. These emissions 
are, perhaps not coincidentally, often dismissed as less important in terms of climate 
action, despite representing a significant contribution to overall emissions. Feminist 
activists have criticized overly narrow climate responses as inadequate to the 
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complexity of the problem. Bianca Pitt, the co-founder of She Changes Climate, 
called explicitly for more balanced gender representation at the recent COP26 con-
ference: “Agriculture, land use, fashion and carbon removal are not on the COP 
agenda… If you are going to work internationally to find climate change solutions 
and to pressure countries for better NDCs [Nationally Determined Contributions], 
it’s so important that women are there to provide more lateral thinking” (Palese, 2021).

The intertwined and complex nature of Scope 3 emissions has led to a perception 
that solutions are difficult to undertake. Indeed, as Barnard’s case demonstrates, 
simply measuring these emissions and associated behaviors is challenging. 
Addressing these complex Scope 3 emissions and associated behaviors necessarily 
involve both technological solutions and collaborative, community-based 
approaches. As a women’s college with a strong emphasis on STEM and the human-
ities, Barnard is well-suited to deal with the complexity of the interplay between 
technological and social solutions to issues of climate, emissions, and circularity. 
An intersectional and complex problem rooted in the daily behaviors of an entire 
community cannot be solved with a top-down technocratic solution. Technology 
will play a role, but policies and solutions must also address behavioral and culture 
change. It might be possible, for example, to address Scope 1 and 2 emissions 
almost entirely “behind the scenes” at Barnard; the administration could theoreti-
cally change out all of our boilers, switch to renewable energy, and replace all of our 
light bulbs with LEDs, and most of the students and faculty would not even notice. 
A consistent and effective approach to questions of dining, purchasing, and travel, 
however, will require a blend of technological and policy-based solutions and a 
coordinated and socially inclusive process. A school like Barnard, with strong sci-
ence and design programs, a strong commitment to social justice, and a tight-knit 
community, is well suited to build a comprehensive and inclusive approach to tack-
ling Scope 3 emissions – and building the circular systems to do so.

Increasingly, campus climate action leaders are undertaking a more thorough 
approach to Scope 3 emissions. For example, to date, Columbia has reported only 
selected Scope 3 emissions. However, the University’s recently released Plan 2030 
commits to a much more comprehensive assessment and reduction of Scope 3 emis-
sions: “It is Columbia’s intention to set targets for all material sources of Scope 3 
emissions that are in line with the science-based concepts and targets described 
above for Scope 1 and Scope 2 targets” (Columbia University, n.d.). With the cli-
mate change clock ticking loudly, we no longer have the option of undercounting a 
whole range of behaviors and associated emissions.

20.5 � What, Exactly, Is a Circular Campus?

Given the specific ecosystem that is Barnard, located in New York City, what would 
the circular campus “holistic framework” actually look and feel like? How might it 
work? What will a healthy, just, and equitable circular campus be like 5 or 10 years 
from now?
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In some ways, to imagine a circular campus, we do not have to look very far, nor 
do we have to imagine something entirely new. Instead, we can look to existing 
circular systems and imagine scaling and expanding them. The longest-standing and 
most familiar example is, of course, a cornerstone of educational institutions: the 
library. A library represents the original campus circular economy. Valuable 
resources are carefully stewarded and equitably shared with all members of the 
community. Inputs into the system (new books and tools) are regular and carefully 
chosen to diversify the total resource pool and enrich the intellectual life of the com-
munity. Books and equipment are repaired and maintained; Barnard repairs approx-
imately 100 books in-house every year, and regularly services AV equipment and 
technology. Outputs are also made thoughtfully – in Barnard’s case, used books are 
sent to Better World Books or recycled whenever possible.

In addition to these existing and already largely sustainable practices, in an ideal 
circular campus library of the future, all inputs of new books and equipment would 
be sustainably and ethically sourced, and outputs carefully tracked for re-homing 
with local communities, repairing, or other means of maintaining value. These prin-
ciples, already familiar in the case of the library, might be expanded to include 
construction and renovation projects which use existing materials from elsewhere 
on campus or nearby community projects, energy systems that create renewable 
energy and send surplus back to the grid, dining halls that produce zero waste and 
where no students go hungry, grounds and buildings designed to capture storm 
water, even recapturing human waste for energy or fertilizer in green spaces filled 
with plants that support pollinators. Technology is shared, repaired, and when even-
tually obsolete, sent back into a remanufacturing process. Resources are shared 
among students, employees, and community neighbors, including supplies, access 
to green spaces, and food. A circular campus in the future is one where students, 
faculty, and staff are taking active climate action, and sustainability, circularity, and 
justice are built into courses across the curriculum and the college’s systems and 
operations.

One salient characteristic might be things that are not there: perhaps a circular 
campus simply does not have the trash cans that dot our current campuses at every 
entry point, every lobby, every hallway. Waste haulers are no longer paid to remove 
a loosely differentiated mass of materials by the ton. Instead, outside vendors are 
contracted to redistribute a much smaller amount of materials and goods – only 
those that can no longer be used and reused within the campus. Purchases of new 
goods are extremely rare, and when undertaken, are carefully thought through in 
terms of sustainability and ethical production. Reuse and repair are the status quo, 
supported by a rich range of logistical and economic systems. Perhaps the Barnard 
Store no longer sells new teddy bears and mugs, but the Barnard Reuse and Repair 
Center restores teddy bears or resells gently used mugs for each generation of stu-
dents. The vision might seem too utopian, but the models already exist all around 
us, in natural systems, in human social systems; we will discuss several specific 
campus examples later in the chapter. These circular systems do not need to be 
invented – they need to be seen, named, resourced, and scaled. As with our current 
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libraries, the defining characteristic of a circular campus is based on stewarding 
abundant resources and distributing them widely and equitably.

20.6 � Barnard’s Circular Campus Framework: Beyond 
the Trash

In some ways, our circular journey started in the trash, with our students. It was 
greatly accelerated by two studies indicating that as much as two-thirds of our total 
campus emissions came from Scope 3-related behaviors. Through student surveys, 
we knew that students were struggling to get access to materials for their classes and 
even dropping out of their majors for not being able to afford specific materials. And 
every day, the newspapers told us about the inequitable impacts of consumption and 
climate change on women and people of color around the world. We had seen the 
importance of grass-roots circular systems in addressing student needs or opera-
tional challenges and began to take steps to formalize those systems and expand our 
understanding of the potential areas of impact.

In 2021, we partnered with Bloxhub, a Danish urban sustainability hub, to fur-
ther develop the circular principles we had been working on since 2017. Bloxhub 
members (usually design or architecture firms) and Barnard faculty and staff came 
together in a series of workshops to identify the challenges, opportunities, and guid-
ing principles for our circular campus, defined as having five main areas of focus: 
Reuse and Sustainable Purchasing; Design, Construction, and Deconstruction; 
Waste; Food and Dining; and Green Spaces. The workshops focused on the first 
three main areas and identified a series of guiding principles and next steps for each 
area. Creating these principles allowed us to think through, articulate, and discuss 
internally our current priorities and how the college can achieve them. It allowed us 
to identify our pain points and translate them into feasible initiatives that foster 
circularity, equity, and access.

As we zoomed in and out of these areas of focus, we became more aware of the 
connections and cycles that emerge from these systems. We started to look for what 
Donella Meadows (1999) calls leverage points or “places within a complex system 
where a small shift in one thing can produce big changes in everything.” For exam-
ple, centralizing the college’s purchases, which Barnard did many years ago, 
emerged as one potential strategy for supporting sustainable and ethical purchasing. 
The transition to Workday will streamline purchasing and expense reports, and 
workshop participants felt that, alongside this new management system, returning 
to a more centralized process would allow the College to steer users to preferred 
vendors, like BIPOC-owned local businesses, or reuse on a platform called Rheaply, 
a partnership we’ll discuss in depth later in the chapter. In addition, consolidating 
purchases significantly reduces costs, waste, and emissions. Other ideas that 
emerged from the Bloxhub/Barnard workshops also pointed towards supporting 
more thoughtful end-to-end decision-making, from providing contractors with 
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sustainability guidelines before projects begin, to starting plants for the grounds 
from seeds grown in our greenhouse, rather than purchasing seedlings from an 
external nursery. Over and over again, workshop participants sought to find ways to 
curb the flow of unnecessary consumption on campus and create systems that would 
support a more equitable and circular culture of decision-making. A series of three 
case studies illustrate the intersections between circularity, emissions reduction, 
and equity.

20.7 � Three Barnard Case Studies: Reuse, Renovation, 
and Reallocation

Like many institutions, Barnard has long had an informal circular economy for 
office supplies, furniture, textbooks, mini-fridges, and all the various accoutrements 
of college life. From cardboard boxes in the hall labeled “free books” to a lively 
student marketplace on Facebook to a FLIP library dedicated to supporting low-
income students, sharing was everywhere – but still somehow invisible. The years-
long efforts of a determined staff member in the purchasing office to “rehome” 
furniture probably saved the College thousands of dollars and thousands of pounds 
of emissions. But this type of work was neither accounted for, nor resourced. To 
elevate and support this invisible ecosystem, in 2020 Barnard began piloting with 
Rheaply, a digital peer-to-peer internal reuse platform, and officially launched on 
campus in the fall of 2021.

The Sustainability Office, established in 2017, had been advocating for adopting 
the Rheaply platform for years with little success (see barriers section below). In the 
spring of 2019, a student conducted a survey that indicated that access to affordable 
supplies was a significant barrier to entry for many students considering majors in 
the arts and architecture. At the same time, many arts departments on campus were 
concerned about the environmental impacts of materials commonly used in the stu-
dio classes. This coincidence of environmental and social concerns helped over-
come the hesitance to adopt Rheaply, and, in 2020 the Office of Diversity, Equity, 
and Inclusion, Access Barnard, and Barnard Sustainability launched a pilot pro-
gram. Rheaply provides a means for faculty, students, and staff to exchange supplies 
and materials, and allows the College to track metrics on these exchanges, making 
the invisible circular ecosystem more measurable. In addition, the reuse platform 
helps address some of the physical barriers of circularity by obviating the need for 
centralized storage; users simply hold on to an item until it is claimed. A report 
published by the EMF stated that for the Massachusetts Institute of Technology 
(MIT), “using Rheaply for just 6 months resulted in nearly 500 items being shared 
across campus laboratories and departments, and saved $50,000 in avoided purchas-
ing costs” (EMF, 2020). In the first month of Rheaply’s campus platform in the fall 
semester of 2021, the number of users has increased sixfold, from 100 initial users 
onboarded during the pilot period to over 600. In the first 8 weeks of the 2021 fall 
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semester, Barnard’s Rheaply site hosted over 300 exchanges between community 
members; the total value of these exchanges was $15,631, and 1.1 tons of waste 
were diverted from landfills.

The value of these exchanges extends beyond dollars and pounds; sharing builds 
a harder-to-quantify but equally important element – community. Robust systems of 
sharing and mutual support have been shown to increase community connections, 
connections which are a key driver of resilience in the face of natural disasters and 
social upheaval. The argument becomes circular (pun intended): circularity prac-
tices are effective in fighting climate change, and are also effective in building the 
resilience communities will need in order to cope with climate change.

By leveraging all the knowledge, power and influence we have to push forward on these 
priorities we can build a circular economy. It will take deep collaboration between business, 
government and civil society, but the rewards will be well worth it; a stronger ecosystem 
that will be resilient for the decades to come, and a world where people and nature can live 
together in harmony. (Ishii & van Houten, 2020)

These benefits are relevant not only within the campus but in neighboring communi-
ties as well. Again, it’s a feedback loop; circular systems work better with a rich 
network of engaged users. Rich engagement supports community connections, 
builds resilience, and fosters yet more mutual support. Cognizant of these extended 
benefits, Barnard and Rheaply are actively working to extend the Barnard exchange 
ecosystem to include our neighbors, including Columbia University, local commu-
nity organizations, and local arts organizations.

The benefits of circularity extend beyond trash, or even course supplies, to some 
of the largest “objects” on a campus. ​​In 2020–2021, Barnard launched a $150 mil-
lion renovation of Altschul Hall, Barnard’s 126,000 square-foot science building. 
Constructed in 1969, the building as it currently stands is a significant energy hog 
and therefore presents strong potential for electrification: the building is currently 
served by a dual-fuel system of oil and natural gas that not only heats and cools the 
building itself but also serves other buildings on campus. Redesigning the Altschul 
plant will be a significant step towards decarbonizing campus energy systems and is 
a necessary step towards net zero emissions. However, in addition to the Scope 1 
and 2 emissions reduction potential of the building redesign, a circular approach 
will also significantly reduce the impact of the renovation itself. First and foremost, 
the decision to renovate and add to the building, rather than tear it down and build 
from scratch is a strong starting point: according to the Institute for Market 
Transformation, retrofitting can save up to 75% of a construction project’s embod-
ied carbon (Duncan, 2019). A project the scale of Altschul, built with all-new mate-
rials, could represent as much as 52,000 tons of carbon consumption (Heath, 2020).

Given the scale of the project and the potential savings across all three Scopes, 
Barnard developed a set of “Design, Construction, and Deconstruction Guiding 
Principles” to serve as a sustainability guideline for the project. Key principles 
include prioritizing reclaimed materials, designing for repair, longevity, mainte-
nance, and upgrade, and providing documentation of circular and sustainable design 
and material choices. For example, metrics required of architects and project 
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managers include tracking the percentage of used or reclaimed materials vs. new 
materials, percentage of certified sustainably and ethically produced new materials, 
and percentage of demolition materials recycled or rehomed.

Altschul Hall represents a large-scale example of the power of a circular approach 
in reducing emissions from a construction project. A much smaller case study, from 
Barnard’s Department of Theatre, illustrates how this decision-making framework, 
in addition to addressing emissions and material impacts, can also support greater 
equity. A 2017 study commissioned by the Barnard College Department of Theatre 
demonstrates that simply by increasing the amount of reclaimed materials used in 
design and construction, a given production can significantly reduce emissions:

One show built with roughly 50% used materials, with a $7,000 materials budget, was 
responsible for the equivalent of emissions from one American home for 6 months. Building 
the show entirely out of used materials would cut emissions by as much as 75%, and build-
ing ‘all new’ would have doubled emissions. (Gotham 360, 2017)

Following this study, the department designed and implemented policies to track 
and incentivize reuse, including a new budget structure, publicizing reuse statistics 
in programs, and introducing sustainability and circular goals during the hiring pro-
cess for guest directors and designers. As the department began increasing the per-
centage of reused materials over time (from about 50% in 2016 to 68% in 2019), the 
intersections between environmental benefits and questions of human sustainability 
and equity became tangible: when Barnard Theatre began spending less on new 
materials, the department reallocated that money to more fairly compensate those 
undertaking the labor needed to source used items. Barnard was able to spend this 
newfound money on local artisans skilled in sourcing, refinishing, and refining used 
items. Since 2016 the department has raised design fees by 58% and prop artisan 
compensation by about 70%. The reallocation of funds formerly spent on new mate-
rials constituted 60% of the increase. Once the production team began ‘spending 
money on people, not stuff,’ advocating for increased fees and prioritizing the artists 
involved in circular practices, it became easier to reallocate departmental funding 
for artist compensation, a major equity issue in the American theatre (Goldmark & 
Purdum, 2021).

These three examples – reuse with Rheaply, the Altschul Hall renovation, and the 
reallocation of material budgets towards artist fees in theatre – represent circularity 
in different arenas and at different scales. Together, they illustrate how a circular 
framework can be a powerful tool for reducing waste and emissions, and for address-
ing issues of community, equity, and justice.

It is important to acknowledge that other higher education institutions across the 
globe are working on developing and implementing their own circular frameworks. 
For example, MIT has taken “a complex, multi-solution approach” to waste and 
circularity that includes analyzing “inflows,” “stock,” and “outputs” across campus, 
promoting reuse, creating better signs, introducing centralized sorting stations and 
food collection, and community engagement programs (EMF, 2020). The MIT case 
study underscores the need for a complex strategy that blends technological and 
social approaches, a theme that applies to circularity programs designed to address 
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a range of issues. The University of Manchester created a Living Campus Plan 
which includes high-quality, greenspace with room to learn, think and connect with 
people; preventative and restorative health benefits; natural resilience to climate 
change; support for biodiversity; and space, habitats, and corridors for wildlife (The 
University of Manchester, n.d.). The University of Portsmouth is doing numerous 
things at a campus level to reduce waste and embed circular practices. Examples 
include composting of all food waste at the university; the reuse of glass milk bot-
tles for any event catering; cooking oil (a vegetable oil) turned into biofuel by a 
charity organization (Yateley), which is then bought back by the university to power 
its catering vans; and the re-use of broken slates that had been removed as part of 
refurbishment from the university’s roof and turned into trays to be used for catering 
events (EMF, n.d.-b). Falmouth University includes activities such as sustainable 
printing, campus tree planting, and vegan and vegetarian catering. Falmouth’s wild-
flower areas on campus have increased by 60% (4.5 acres), supporting native flora 
and fauna regeneration. In addition, they provide discounts on food and drink when 
students bring their own reusable containers to campus outlets, plastic bottles are no 
longer offered in vending machines, and food prepared on-site is packaged in bio-
degradable and compostable packaging (EMF, n.d.-c). As part of Stellenbosch 
University’s ecological sustainability strategy, the South African institution aims to 
rehabilitate 90% of eroded areas by increasing local, endemic species by 20% and 
increasing the living microorganisms in the soil of garden areas (EMF, n.d.-d).

One common characteristic in many of these plans, including Barnard’s, is a 
multi-faceted approach to circularity solutions. Some strategies might be top-down, 
like replacing a boiler or instituting a purchasing policy. Some require technology, 
like Rheaply. Some solutions are more bottom-up, like cultivating a culture shift 
towards reuse. By leveraging the power of both toolsets in tandem – the technologi-
cal and the social – we can plan for and ensure a circular, equitable campus future.

20.8 � Challenges to Circularity

Barnard’s location in New York may make our campus an ideal testing ground for 
circular systems, but the city also complicates certain aspects of college life, per-
haps best exemplified in the annual high-drama spectacle that is move-out. This 
springtime ritual represents an opportunity to actively support equity and circularity 
and also exemplifies many of the challenges typical to making the transition to new 
patterns of behavior and operations.

Barnard does not store any student belongings over the summer, so each May 
births a chaotic, frenzied swirl of students packing up clothes, books, bedding, 
cookware, mini-fridges, electronics, and all the other accoutrements of dorm life, 
piling them high into wheeled hampers and wobbling down the sidewalks while 
coordinating pickups with harried parents, who are themselves battling the unsa-
vory realities of New York City traffic and parking rules. This massive displacement 
of students and their “stuff” results in an enormous amount of discarded goods 
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common to American residential colleges. Campuses all over the country have 
developed versions of what Barnard and Columbia call “Give and Go Green.” In our 
case, until 2017, students would “drop off” (a better word might be dump) unneeded 
items in various lounges or other spaces in the residential buildings. Other students 
often combed through the piles, taking whatever they needed. Of the large quantities 
of goods that remained, the majority was donated to Goodwill or similar partner 
organizations. A very small fraction was stored – usually in a small departmental 
storage space managed by a friendly administrator – and sold in the fall at a Green 
Sale. Originally managed entirely by students, in 2017 the program was in danger 
of being canceled due to general mess, stress on the facilities team, and an incident 
of a student’s property getting erroneously absorbed into the “Give and Go” vortex 
and disappearing. Give and Go Green was an attempt to address a larger problem: 
an enormous overflow of goods, a grotesque amount of waste, and the pressure to 
compress the move-out process for 2700 students into a very short period of time. 
But the program was quickly on its way to being perceived as the problem.

A number of campus partners, led by the Sustainability team and Student 
Government representatives, began trying to find a way to salvage and hopefully 
improve the program. Our goals were to better manage the flow of goods so that the 
Facilities team was not overwhelmed with mounds of abandoned items, create a 
more orderly system for dropoff, and find a way to store a much larger number of 
items over the summer so that students did not have to buy as much new stuff in the 
fall. We had some successes, some failures, and many ongoing challenges. We 
moved the program out of the dorms, though it was always difficult to secure space 
since move-out happens right around commencement when large spaces are often 
used for events. We secured offsite storage for the summer so that we could sell 
more used goods on campus, as opposed to donating to already overwhelmed 
second-hand partner organizations. In doing so, we increased the revenues from the 
Green Sale from $600 to $6000. We reserved hours for Barnard staff members to 
select items to take home; most of the staff who came to “shop” work in Facilities 
and Dining Service, two of the lowest paid departments on campus. By increasing 
student staffing, limiting donation hours, and communicating more clearly with the 
student body, we began to find ways to operate the program that worked better, for 
students, facilities, residential life, and events management.5

Despite these successes, the program remained challenging on many fronts. First 
and foremost, it’s important to remember that Give and Go Green is, at best, a nec-
essarily limited response to a much bigger problem: a system related to on-campus 
factors like the tight move-out schedule as well as global realities like the low price 
of new goods, all of which encourage fast consumption and disposal of material 
goods. Nonetheless, the challenges that besieged our Give and Go Green program 
are emblematic of the barriers endemic to making sustainability changes, and espe-
cially building circular systems. These include (but are certainly not limited to):

5 The Covid-19 pandemic, of course, put this process on hold. We’re still not sure how the program 
will look post-pandemic.
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–– Space: Our urban campus is limited in the amount of space available to host large 
events, store items for the summer, or set up a workshop to repair items for reuse.

–– Funding: Give and Go Green, when managed by the students, was run entirely by 
volunteers, who were given meals and a housing extension. The Office of 
Sustainability is committed to paying student workers a fair wage, so when the 
program became administered by staff, we worked to provide monetary compen-
sation as well. This meant using our limited budget, securing grants, and increas-
ing the revenues from the sale – while keeping prices low enough to be accessible 
to students.

–– Bandwidth: For all involved, Give and Go Green comes at a challenging time of 
year. Students are finishing finals and rushing to pack up, staff are preparing for 
commencement, the Facilities team is clearing out the dorms, and everyone is 
stretched thin.

–– Inertia: This type of program requires collaboration with several other depart-
ments who are often very supportive of the idea but understandably hesitant to 
commit to learning and implementing new systems when they are already 
stretched to capacity. Habitual patterns are easy to repeat, especially when under 
pressure.

–– Low prioritization: The Give and Go Green program coincides with the high-
profile commencement ceremonies, and the fall Green Sale is just one event in a 
week jam-packed with new student orientation activities. These busy times of 
year leave little extra capacity for initiatives that are not necessarily perceived as 
high priorities.

–– Cost (or perception of cost): As a relatively resource-strapped college, the poten-
tial cost of expanding or building new programs is of course a factor. However, 
the savings from reuse are rarely factored into decision-making, sometimes leav-
ing cost discussions imbalanced.

–– Buy-in: The benefits of a circular economy model are not always immediately 
obvious to all campus partners. To some, these events are messy and more work 
than they are worth.

–– Inclusion: Many students need similar items, but not all of them have the same 
opportunities to obtain them. What started as an environmentally-friendly initia-
tive expanded into an attempt to provide necessary items to as many students as 
possible. This can sometimes create tensions, for example between the need to 
pay student workers fairly and the need to keep prices low for students.

–– Distributed Accountability: Reducing emissions and changing ingrained patterns 
cuts across operational and disciplinary divisions; assigning accountability for 
College-wide goals to the appropriate departments can be challenging, espe-
cially when accountability is shared.

These challenges are not unique to Give and Go Green, or to Barnard. The University 
of Manchester identifies similar barriers, and translates them to the organiza-
tional scale:

Lack of awareness and understanding of the CE (Circular Economy) concept, principles, 
benefits and applicability to the university context; suitable analytical frameworks, data 
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gathering systems and KPI’s [key performance indicators] to identify, evaluate, prioritise, 
implement, monitor and manage CE solutions; and leadership teams, allocation of respon-
sibilities, stakeholder engagement and effective policies targeting CE as an instrumental 
strategy for a long-term sustainability. (Mendoza et al., 2019, p. 838)

These barriers to circularity are similar to many typical barriers to sustainability 
management – often with the added dimension that partners may not perceive the 
connections between circularity, climate action, and environmental justice.

However, when you begin to think not only about reducing waste and making 
move-out less of a colossal headache but begin to consciously consider inclusion 
and justice as well, some of the ways we think about these common challenges can 
shift. For example, one core principle of environmental justice is that environmental 
burdens and benefits should be fairly distributed. With a student body with a wide 
range of socioeconomic backgrounds, the incredible waste of move-out starts to 
look even more grotesque. Some students are able to abandon room furnishings, 
duvet sets, and winter coats, while other students struggle to pay for dorm supplies.

In the context of these economic differences in our community, move-out and 
green sale programs become an opportunity to redistribute high-quality supplies. 
For several years, Barnard has partnered with Grad Bag, a local non-profit, to col-
lect bedding, rugs, and other supplies. Barnard has hosted Let’s Get Ready’s annual 
Transition Day program, where Grad Bag distributed cleaned and nicely packaged 
bedding to more than 250 first-generation and low-income (FLI) college students 
from around New York City. Similarly, we reserve a portion of dorm supplies for 
Barnard’s FLI students. Our goal, of course, would be that eventually, all students 
would use repurposed dorm supplies every fall and that none of the annual mounds 
of puffy vests, colanders, rugs, fans, lamps, mini-fridges would go to landfill. No 
longer would the college pay for buses to go down to Bed Bath and Beyond on 
shopping trips; those resources would be deployed to better manage the flow and 
redistribution of gently used supplies. Students with the highest need are given first 
access to supplies, and reuse becomes the default for all.

This process demands the participation of many stakeholders, most importantly 
the FLI students who might benefit most from a Green Sale. A core principle of 
environmental justice is the importance of including affected communities in build-
ing programming. Accordingly, we have worked hard at Barnard to create initiatives 
in response to student needs and desires, rather than making assumptions. For 
example, a 2020 student summer cohort at the Digital Humanities Center (DHC) 
conducted a study “Examining Sustainability at Barnard” that explored concepts of 
circularity. The project makes clear recommendations, like a laptop lending library 
and revising the 4-year “expiration” timeline that leads to new computer purchases 
for faculty and staff. The DHC students underlined the links between circular prac-
tices and inclusion, pointing out that “many aspects of the core principles of circular 
economy and other popular sustainability initiatives have a lot in common with 
Indigenous sustainability practices,” (Burton et  al., n.d.) and that naming and 
acknowledging these similarities must be central to Barnard’s approach.

Another instance where students were able to shape programming occurred as 
the result of a 2020 course called “Change and Climate Change.” A student 
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created a project exploring sustainability and access, examining ways that Barnard 
might ensure that sustainability initiatives are inclusive and shaped by the com-
munities they impact. Regarding reuse, for example, the class discussed how some 
of them came from communities where reuse was seen as something to move away 
from as a family income increased, rather than something to embrace. The stu-
dents themselves were largely supportive of reuse but were careful to note that 
programming needed to take into account a range of attitudes and backgrounds. 
The project, and the class discussions that ensued, led directly to a Campus 
Conversation on Sustainability and Access the following year, where students, 
faculty, and staff made recommendations on policy and programming. This pro-
cess of engaging the community in defining priorities and policies is one key strat-
egy for overcoming some of the all-too-familiar roadblocks on the way to a 
circular, sustainable campus.

20.9 � Pathways to Circularity: Starting Small, Thinking Big

In 2018, faced with piles of trash on a tarp, a campus-wide holistic response felt 
very distant. And it’s still true – we have a long way to go. But we have made prog-
ress, and, despite the many challenges, that progress is thanks to a few key strategies 
that can be implemented on any campus:

	1.	 Build on what already exists
	2.	 Find your allies
	3.	 Link to other goals
	4.	 Address inertia and psychological safety
	5.	 Measure progress

At Barnard, we began building a circular campus by expanding or adapting systems 
that already existed. Our students, faculty, and staff, without using the term circular 
economy, had been championing the practices for years. “Barnard Buy Sell Trade” 
is a student Facebook group where students can exchange or sell everything from 
clothing to textbooks to kitchen supplies. Students led the Give and Go Green pro-
cess. Faculty members placed used textbooks outside their office with paper signs 
saying “free books.” Business Services staff tried to find new homes for office fur-
niture, on-campus and off. Public safety regularly donated their “lost and found” 
items to local charities. The Art, Architecture, and Theatre departments, along with 
Barnard’s Design Center, maintained (usually informal) inventories of free shared 
supplies and tools. Of course, the libraries hummed along as they always had, the 
original circular campus. And when the Sustainability Office was formed, the fac-
ulty and staff leadership team happened to have a passion for reuse, thrift, and 
repair. These formal and informal activities across campus, from sharing art sup-
plies to working with waste haulers to signing food contracts, are found on many 
campuses, and when united, measured, and scaled under one ambitious umbrella, 
can have a significant impact.
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Moving beyond the informal, adaptive networks of Facebook groups and card-
board boxes in the hall towards a campus-wide system and culture, however, 
requires conscious strategizing, including finding early allies, and linking initia-
tives to other core value programming. Most of the informal systems described 
above are maintained or supported by individual stakeholders on campus, either out 
of personal conviction or because the systems serve a real but otherwise unan-
swered need. For example, as noted above Barnard’s Purchasing department under-
takes a significant amount of “furniture rehoming,” due to a desire to save money 
and reduce waste. These efforts are significant but largely voluntary and often 
under-resourced. Finding these champions, celebrating their work, and inviting 
them to join the process of naming and resourcing these informal systems is a nec-
essary first step. For other campus partners, it may be more effective and is just as 
necessary to link the work of circularity to other core value initiatives. For example, 
at Barnard, adopting the Rheaply pilot was seen as a way to reduce waste and also 
to support FLI students.

Despite the many supporters of sustainable and circular new policies, and despite 
the perceived benefits for students, moving change through any organization is a 
significant challenge. The University of Manchester recommends creating “mixed 
teams of senior managers and operational staff” (Mendoza et al., 2019, p. 841) to 
ensure successful implementation. At Barnard, we have found that including faculty 
and students as well as staff of all levels is indeed critical, as is linking the work of 
circularity to other campus-wide goals and initiatives.

We have identified a number of practices designed to situate our approach to 
circularity within a larger net zero pathway and overarching social justice goals, and 
to involve many members of the community. First, the Office of Sustainability regu-
larly convenes stakeholders to discuss challenges and identify goals. The Office was 
launched in 2017–2018 with a year-long Campus Conversation series, open to stu-
dents, faculty, and staff. Students are active participants (and often a driving force) 
on the Sustainable Practices Committee. Partnerships with the Center for Engaged 
Pedagogy in 2020 and 2021 provided a forum for faculty from a range of disciplines 
to discuss climate in the curriculum. And in 2020, the Office of Sustainability hosted 
a Citizens’ Assembly and Campus Conversation series. These regular convenings, 
plus many other related events, help to keep our community engaged and invested.

The at times creative chaos of this engagement strategy is balanced by a con-
scious process of specific goal setting, supported by outside consultants, and linked 
to global science-based targets. The 2017–2018 Campus Conversation series fed 
directly into the College’s first comprehensive published Climate Action Vision in 
2019, encompassing goals in Academics, Finance & Governance, and Campus 
Culture & Operations. Three key goals in the 2019 Vision highlight areas where 
circularity intersects with overall climate strategy:

	1.	 Barnard achieves emissions reductions across all three scopes, in line with or 
exceeding the ambitious New York state and city standards.

	2.	 Barnard’s environmentally sound and socially ethical system of consumption on 
campus serves as a model for circular economy solutions.
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	3.	 Campus initiatives on sustainability, diversity and inclusion, wellness, and other 
mission-driven values are integrated and mutually supportive.

Circularity provides a tool kit for working at the micro and macro scale, toggling 
between the mounds of duvets and abandoned mini-fridges at Give and Go Green, 
and the big picture visions and goals. A key part of keeping the small and large-scale 
components moving in the right direction is figuring out how to measure progress.

20.10 � How to Measure

As we have seen, many of the behaviors and associated emissions that fall under the 
main components of our circular campus framework fall under “Scope 3.” This 
category of emissions is notoriously hard to measure, and is often, as a result, under-
addressed. Conscious of this common gap in emissions accounting, in 2015 Barnard 
commissioned a small study from Gotham 360 to create a comprehensive carbon 
footprint. This may sound like an oxymoron – a small study for a comprehensive 
footprint? The College had been participating in the NYC Mayor’s Carbon Challenge 
for several years, which required only very limited reporting on Scope 3 emissions, 
largely in terms of waste tonnage. No other Scope 3 emissions were being mea-
sured. In 2015, the Sustainable Practices Committee secured a small amount of 
funding for a study that would look more carefully at the whole emissions picture. 
We worked with consultants from Gotham 360 (including several Barnard alumnae) 
to create what we called a “hazy, but complete” snapshot of our emissions, as 
opposed to the more granular but incomplete data we were familiar with from the 
Mayor’s Carbon Challenge. We felt it was more important to get an overview analy-
sis of all our major sources of emissions than to worry about total precision. We 
didn’t need to know the exact numbers to start making changes where the impact 
would be the greatest, and we were not satisfied with the more typical practice of 
only reviewing very limited and selective Scope 3 data. The results of the Gotham 
study, shown in Fig. 20.2, indicated that, indeed, Scope 3 emissions were a signifi-
cant portion of our total emissions – as much as two-thirds.

This initial measurement provided a clear rationale for pursuing a strong Scope 
3 emissions reduction strategy. Now, 6 years later, we are able to launch a more in-
depth study as part of our larger pathway to net zero, which includes analysis of and 
strategies pertaining to all three Scopes (see Fig. 20.1). This roadmap to net zero, 
under development with the help of consultants from Energy Strategies, will assess 
our current Scope 1 and 2 emissions, and outline strategies and potential costs for 
reduction, from electrification to renewable energy procurement. In addition, this 
roadmap includes a 3-step approach to Scope 3 emissions:

	1.	 Create a detailed inventory of Barnard’s Scope 3 emissions, using global green-
house gas protocols.

	2.	 Determine focus categories for reductions in line with science-based global tar-
gets, including a weighted system for choosing areas of focus based on a number 
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Fig. 20.2  Barnard Emission Sources, 2015

of factors, such as perceived importance to the College community or our ability 
to impact results.

	3.	 Translate these goals into an operational language that meshes with Barnard’s 
operational systems, e.g., by framing goals in terms of our existing chart of 
accounts, budgeting protocols, and business management systems.

The initial assessment tool will then be able to be used for internal tracking year 
over year. The College is also in the process of transitioning to a new enterprise 
management system called Workday, and we are working with that team to make 
collecting data on Scope 3 related expenditures much easier. For example, our cur-
rent system includes airfare, hotel stays, and food under one label of “domestic or 
international travel.” By coordinating with the Workday transition team, we will in 
the future be able to separate these elements, making data collection simpler and 
emissions calculations more accurate.

As a holistic framework, of course, a circular campus requires tracking more 
than greenhouse gas emissions. Measuring progress on a circular campus involves 
monitoring waste, diversion, purchases, reuse, food, and emissions associated with 
all of these activities. And, as a college campus, measuring success also requires 
tracking related courses and research. Since that first Gotham 360 carbon footprint, 
and including those waste audits on tarps in classrooms, gathering data has been a 
challenge, though we have made significant progress.

Outside of the NYC Mayor’s Challenge reporting, the first circular campus data 
we ever collected was through those classroom waste audits. Students went out back 
to the dumpsters and started weighing bags while others sorted through samples. 
Our waste hauler did not provide us with monthly tonnage, so these student audits 
were the best source of data for our diversion rates. It wasn’t much, but we had 
enough to convince our facilities team to let us create new signs, reposition waste 
collection stations, and implement limited organics collection. Even then, it wasn’t 
until a new building was built with room for compactors to be installed that we 
could begin getting consistent and accurate data on waste. Other informal methods 
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of collecting initial data included student surveys, and conversations with campus 
partners, like the Purchasing office, or individual departments with circular prac-
tices in place, like Architecture. Our student work-study team also spends a great 
deal of time collecting data manually when it is available, but not easily accessible. 
This includes combing through course catalogs using keywords to determine 
courses related to climate or sustainability, searching faculty profiles to determine 
areas of research, and creating inventories of waste stations on campus. It is not 
efficient, but it is a way to start the process, demonstrate need, and generate the buy-
in necessary for building more robust and centralized tracking mechanisms.

Compiling the first round of data eventually brought us to the point where we felt 
we could participate in the Advancing Sustainability in Higher Education’s (AASHE) 
Sustainability, Tracking, Assessment & Rating System (STARS). STARS is a holis-
tic self-study that when completed, acts as a full baseline for all of the sustainability 
metrics the College reported. Before we started, we got permission from the 
President’s office for this year-long undertaking that required sending surveys to the 
community and working with 25+ offices and individuals across campus. Working 
with so many offices gave us the opportunity to start discussions about sustainabil-
ity with many of our colleagues and build a replicable process for ongoing tracking 
of metrics related to circularity.

Barnard’s internal efforts to measure circularity are tailored to our organization 
and will evolve over time. For our campus, and for others, there is a range of external 
tools and frameworks to reference. For example, Circulytics, a measurement tool 
launched by the EMF, was created to support companies in the transition “towards 
the circular economy, regardless of industry, complexity, and size” (EMF, n.d.-e). 
This free, award-winning tool can identify what aspects of a company’s operation 
enable circularity and what outcomes the company can accomplish by transitioning 
to a circular economy. Another tool to measure circularity is the Circular Transition 
Indicators (CTI) framework created by the World Business Council for Sustainable 
Development (WBCSD). This quantitative framework provides companies with a 
common language for internal decision-making and communication to key stake-
holders (WBCSD, n.d.). Besides looking at processes or materials in which circular-
ity is already present, this tool helps understand the company’s material consumption 
and its relationship with successful business more widely; however, it does not mea-
sure wider environmental or social impacts (Lehtinen et al., 2020). Such tools sup-
port companies and institutions in making the decision to adopt the circular economy 
in their activities, measure progress, and increase the transparency of circular activi-
ties. Largely useful as references at this point, these tools might in the future be 
adapted to serve institutions of higher education.

20.11 � Teaching and Research

Circularity is rooted in community engagement and radical collaboration, and 
therefore research, diversity of thought, and both theoretical and empirical experi-
ence are needed to become circular. To create innovative circular systems and make 
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sustainable decisions we need research in the sciences, advances in design and tech-
nology, and a deep understanding of the historical, social, and political implications 
of any changes. We also need diversity of intellectual disciplines in order to develop 
new approaches, revive powerful practices from the past, or identify and resource 
existing but often unseen successful strategies. These requirements place teaching 
and research at the heart of any movement towards an inclusive and just 
circularity.

Barnard does not yet have a clearly identified body of courses and research aimed 
specifically at circularity. We have, however, identified 198 courses as “sustainability-
related” or “sustainability-focused.” These courses are taught across 64.4% of 
departments, including Architecture, Economics, Environmental Science, Theatre, 
and Women’s Gender and Sexuality Studies. 45 faculty in 29 departments engage in 
sustainability or climate-related research. A number of these courses (and some 
research) include modules related to circularity, though we do not have an accurate 
count at this time.

In addition, teaching and research do not only happen in a physical classroom or 
a lab. Barnard students have been involved in every step of the climate action and 
circular campus planning, from serving on committees to participating in our 2019 
Citizen Assembly to attending events like “Women, Clothing, and Climate,” a 2018 
used clothing sale, repair workshop, and panel discussion. In addition, Barnard’s 
Climate Action Grant program allows students and staff to apply for funding for 
campus projects, and a significant portion of the initial cohort of grantees proposed 
initiatives related to circularity. Classroom projects, like our waste audits, and 
student-led initiatives help fuel lasting operational changes. For example, students 
at Barnard’s Athena Center developed an internal carbon tax prototype that helped 
engage our Finance department in thinking through strategies to more accurately 
measure carbon-heavy activities like travel and purchasing, and eventually helped 
lead to the Workday partnership on gathering sustainability metrics. Most impor-
tantly, in the classroom and in the “campus as lab,” the circular campus framework 
aims to provide students with skills and knowledge to empower them to address 
society’s future challenges and make a positive impact in the world.

Many global peer institutions are expanding circularity in their curricula, per-
forming research related to the subject, and creating outstanding initiatives to help 
us shift from a linear model to a circular one. The Interdisciplinary Circular 
Economy Centre for Circular Metal at Brunel University will explore how the reuse 
of metals can benefit the environment and the UK economy and will develop an 
understanding of how the country can best shift towards a carbon-neutral, circular 
economy by 2050. Over the next decade, this could generate more than £100 billion 
for the UK economy (The Interdisciplinary Centre for Circular Metals, n.d.). The 
Laurea University of Applied Sciences has a project called Purater, which provides 
information about the usability and safety of demolition materials reuse and analy-
sis of suitable policy instruments (EMF, n.d.-f). Another example is the Campus 
Nature demo (2019–2020), a joint project of B2N Research Group, the University 
Properties of Finland Ltd., and Tampere University in which novel green areas 
around the city center campus were created together with students to enhance 
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biodiversity and recreational opportunities (EMF, n.d.-g). Scientists at the University 
of Portsmouth have successfully developed a naturally occurring enzyme that can 
digest some of the most commonly polluting plastics (EMF, n.d.-b). Falmouth 
University is implementing a number of initiatives at the campus level, such as pro-
moting free public transport and Edible Pathways’ initiative in development, which 
will, in addition to planting new edible fruit trees and plants around campus, pro-
vide signage for areas of biodiversity and edible food plants (EMF, n.d.-c). African 
Leadership University’s students have started circular economy ventures, such as 
Wastezon, an e-waste recycling company (EMF, n.d.-h). The Fashion Institute of 
Technology (FIT) has created a Natural Dye Garden as part of a student project. The 
plants – including sunflowers, coreopsis, and marigolds – can provide nontoxic fab-
ric dyes used in campus textile research. Incorporating composting, the Dye Garden 
promotes more circular and eco-friendly dyeing practices and related research 
(EMF, n.d.-i). New York University (NYU) has an Urban Food lab, an aquaponic 
vertical farming class in which students learn about sustainability and farming by 
running their own projects connecting their fields to the farm (EMF, n.d.-j). These 
examples, and many more, demonstrate the power of an approach that utilizes the 
classroom and the lab to develop and test pathways to a just and sustainable circu-
lar campus.

20.12 � Conclusion: Connecting the Dots Between Circularity, 
Net Zero, and Diversity, Equity, and Inclusion

Circularity is a key strategy in any global approach to climate change and environ-
mental degradation. Similarly, Barnard’s circular campus approach is a core compo-
nent of our overall approach to sustainability and climate action, including our 
pathway to net zero emissions and our commitment to environmental justice and 
diversity, equity, and inclusion  (DEI). As we have seen, Scope 3 emissions have 
historically been significantly undercounted on our campus, as has been the case for 
many other schools and organizations. The circular campus framework creates spe-
cific pathways for tackling those emissions, and the behaviors that fuel them; circu-
lar systems provide opportunities to link the College’s emissions reductions work 
with the everyday life of our community. While addressing Scope 1 and 2 emissions 
is critical to our net zero roadmap, many of the necessary changes to address them 
can be made without significant participation from the majority of our students, 
faculty, and staff. But addressing patterns around purchasing, food, waste, green 
spaces, and course supplies by definition demands participation from everyone on 
campus. And, in building behavioral and cultural changes, the College has an oppor-
tunity and a responsibility to directly link our emissions reduction work with our 
commitment to social and environmental justice. Circularity can be a framework to 
reduce our environmental impact; it is an equally powerful tool for distributing 
resources more widely, both within our campus and with our neighbors. This simple 
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act of sharing resources – and building the administrative and operational systems 
to do so purposefully and at scale – is a tangible and measurable way to support a 
more equitable and less environmentally destructive pattern of living.
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Chapter 21
Sustaining Curricula: Multidisciplinary 
Faculty Dialogues for Ecological 
and Pedagogical Renewal

Jennifer Rosales

21.1 � Sustaining Curricula 2021

Sustaining Curricula 2021 was a series of four interdisciplinary faculty panels at 
Barnard College that took place virtually in the Spring 2021 semester. Barnard’s 
Center for Engaged Pedagogy (CEP) planned this series with the Office of 
Sustainability and Climate Action and faculty to encourage professors to integrate 
climate action, sustainability, and the environment into their courses in authentic, 
inclusive, and justice-oriented ways and to cultivate a culture of interdisciplinary 
pedagogical exchange and collaboration.

To involve multidisciplinary faculty, the planning committee chose four themes 
that could be researched and taught from different and intersecting disciplines: 
Theorizing the Environment, Climate Change and the Anthropocene, Environmental 
Justice, and Design Decarbonization. Each panel consisted of three to four faculty 
who spoke to how they interpreted the theme and integrated it into their courses. We 
asked each panel a set of questions, including: How have you changed your course 
design? How do you teach sustainability within your subject and field? How does 
sustainability connect to your research and work outside of the classroom? Although 
the questions remained fairly standardized, the conversations varied based on the 
panelists and theme. Faculty members in the audience contributed questions as well 
as their own perspectives and expertise.

We aimed to cast a wide net of participants to attract faculty who might be drawn 
to one or two themes as well as faculty who were eager to contribute to every con-
versation. For faculty who were only able to join us for one panel, we hoped to spark 
interest and motivation to relate the themes, ideas and practices discussed to their 
own teaching. For the faculty who attended repeatedly, we hoped to foster 
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connections not only to the material but to one another by building a community 
around interdisciplinary pedagogical approaches that center the environment. We 
invited faculty attendees to stay after the panel for a workshop session that enabled 
them to brainstorm with colleagues how to overcome challenges and concerns for 
incorporating the environment into their courses and how to collaborate with one 
another across disciplines and curriculum. We invited students to attend the panel 
portion of the event to listen and ask questions about the inclusion of the environ-
ment in their curriculum. Students also moderated each of the panels. The student 
moderators came from the CEP and the Student Government Association’s (SGA) 
Sustainability Representatives and Committee. Since many of our students have 
grown up with the effects of climate change and will inherit the world we leave 
behind, their voices were crucial to the conversation.

This series was a response to Barnard’s Climate Action Vision (2019) which was 
the result of a campus-wide effort from 2016–2018 that outlined the college’s 
360-degree approach to climate leadership in academics, finance and governance, 
and campus culture and operations while prioritizing the role of women, people of 
color and low-income communities. The academic vision laid out in this document 
states two goals: (1) “All students graduating from Barnard engage with climate and 
sustainability from multiple perspectives in coursework and research across the cur-
riculum; and (2) Barnard’s interdisciplinary approach to climate and sustainability 
supports innovative research, fosters civic engagement, and builds practical solu-
tions.” This series was also a response to the recommendations that came out of 
Barnard’s 2020 Citizen’s Assembly. Barnard faculty, staff, students, and alumnae 
came together to create a set of recommendations to advance the goals articulated in 
Barnard’s Climate Action Vision. It specifically addressed the recommendation that 
Barnard create pedagogical support for faculty to create new courses or adapt exist-
ing ones in order that sustainability encompass all disciplines, with the “goal of 
100% of the College’s students engaging with climate and sustainability before they 
graduate, in courses across the curriculum.”1

In order to achieve this vision and carry out the recommendations, the CEP along 
with the Office of Sustainability and Climate Action created the series to inspire and 
foster the development of more classes and curricular pathways for students to 
engage with the environment. This aligned with the CEP’s mission to strengthen 
Barnard’s deep academic engagement and support for student and community well-
being by creating diverse learning contexts, developing and sharing scholarship, 
building and sustaining relationships, and providing tools and resources. This series 
combined all of the CEP’s strategies for the dual purpose of supporting the integra-
tion of the environment into more courses and creating the space for faculty to 
partner, collaborate and build community in interdisciplinary ways.

Last year, the CEP partnered with the Office of Sustainability to create two com-
munities of practice made up of faculty from different disciplines with a common 
interest in integrating sustainability, climate change, and the environment into their 

1 https://barnard.edu/sites/default/files/inline-files/ClimateActionVision-2019-final-5.pdf
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courses. Some of the faculty in these groups already had whole courses dedicated to 
studying the environment in fields like Environmental Science and Ecology, while 
others were intrigued to integrate it into their courses in English, Psychology, 
Education, History or deepening/broadening the focus of the environment in their 
courses within Urban Studies, Theater, and Anthropology. The exchange of scholar-
ship, ideas, and pedagogical approaches that occurred in these two communities 
was matched by the community and relationship building that was taking place 
among colleagues from different departments. Faculty were guest lecturing and 
guest critiquing, sharing source recommendations, and helping construct learning 
activities in one another’s courses. As multidisciplinary communities, they helped 
review and conceptualize the Environmental Humanities Minor/Concentration pro-
posal to create a new curricular pathway for students. These communities made 
practical changes to their own courses, those of their colleagues, and the curriculum 
at large while also pushing the bounds of their disciplinary understandings and 
approaches to the environment.

This year, we wanted to build on last year’s work by shifting from learning com-
munities of a few committed participants to a series open to all Barnard faculty and 
students. The faculty panels, each of which included at least one member of last 
year’s learning communities, showcased the critical inquiry and creativity that took 
place in those communities of practice and inspired further thinking and innovating 
for the subsequent workshops. During the workshop sessions, faculty discussed 
how to integrate climate, environment, and sustainability into course content and 
requirements; generated different forms of faculty synergies; offered possible inter-
ventions for challenges that arise when integrating the environment into a course or 
trying to design collaborative teaching practices; and acknowledged the emotional 
intelligence and responsibility that is required for teaching these topics and teaching 
them well.

Before we introduced each panel, Yuval Dinoor (’21), CEP student worker and 
advisory member, read a land acknowledgment that she wrote especially for the 
series. The following statement she created recognizes Indigenous people and their 
land rights and reinforces the importance of land pedagogy and Indigenous knowl-
edge in conversations about sustainability and climate action.

We may all be joining from various locations, but we would like to acknowledge that our 
university campus exists as a result of violent territorial displacement. In the making and 
expansion of our campus, Barnard College is occupying Lenapehoking, unceded land stew-
arded by the Lenni Lenape people, and gentrifying Harlem, a historically Black and Latinx 
neighborhood. As we discuss sustainability at Barnard during these sessions, we must also 
take seriously the responsibilities that come with taking institutional accountability for the 
ongoing violence we perpetuate in these communities, including redistributing institutional 
resources to Indigenous organizations, hiring and fairly compensating BIPOC workers for 
their labor, advocating for holistic community safety practices that decenter policing, and 
using Barnard’s academic spaces to reflect honestly on the devastating impacts of 
colonization.
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This land acknowledgment she created signifies some of the intersecting themes 
that were addressed in the panel discussions, specifically colonization and environ-
mental justice and, more broadly, the relationship between land and people.

I would like to thank the Center for Engaged Pedagogy team including Alex 
Pittman, Joscelyn Jurich, Annebelle Tseng, and Hana Rivers in partnership with 
Sandra Goldmark and Leslie Raucher from the Office of Sustainability and Climate 
Action and Maria Rivera Maulucci, Professor of Education and Severin Fowles, 
Associate Professor of Anthropology for conceptualizing, implementing and shar-
ing the series with the Barnard Community.

The following sections provide brief summaries of the four panels, which feature 
faculty from History, Spanish and Latin American Cultures, Biology, Chemistry, 
Education, Sociology, Environmental Science, American Studies, Theater, and 
Architecture.

21.2 � Theorizing the Environment

“I am convinced that climate change and the environmental crisis is not something 
that is only practical. It is also ideological,” says Orlando Bentacor, panelist in the 
session “Theorizing the Environment” (Chap. 22). The theme for this session came 
from the conversations we had in the communities of practice from the previous 
year, in which we discussed the ideological implications of the current climate crisis 
from multidisciplinary perspectives. It is further explored in the panel conversation 
between students, Yuval Dinoor and Rachel Elkis and faculty panelists, Orlando 
Bentancor, Associate Professor of Spanish and Latin American Cultures, Hilary 
Callahan, Professor of Biology, and Carl Wennerlind, Professor of History.

The panelists critique the dominant Western imperial and capitalist ways of con-
ceptualizing the environment and the practical ramifications of these ideologies on 
human interactions with nature. Wennerlind and Bentancor both explore how hege-
monic capitalist and imperial ideologies have impacted assumptions about nature 
and the ways people have engaged with it for centuries. Wennerlind argues that 
dominant ways of historical economic thinking that presume human desires and 
nature are infinite and expandable are partially responsible for our current climate 
crisis and lack of policies for present and future sustainability.

As an ecologist, Callahan adds that while she uses a cross-scale approach to teach-
ing ecology from different spatial and temporal circumstances and vantage points, she 
includes some focus on sociopolitical ideology throughout her courses because she 
understands the implications that ecology has on law and policy and wants students to 
understand the relationship between ecology and the social, health and political 
spheres. She does not teach science as ideology-free or pure, because that was not 
how she was trained, and because she engages with scholarship outside of the white-
male-dominated canon of historical texts from the United States and the United 
Kingdom. She seeks out ecologist publications from authors with different identities 
to provide a more inclusive and diversified learning experience and approach to 
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studying ecology. Engaging with works from diverse authors and talking to colleagues 
outside of her discipline like Bentancor and Wennerlind help her become more aware 
of the hegemonic economic language that has been adopted by ecologists, such as 
“abundance,” “scarcity,” and “tradeoffs;” this work has also inspired her to seek out 
diverse voices and varied conceptual understandings of the field.

The panelists also demonstrate how their own thinking and theorizing about the 
environment has evolved over time as they continue to research the relationship 
between humans and the environment. Bentancor explains how his original post-
structuralist theorizing of the environment blamed technology for the climate crisis. 
However, after reading a few different texts, named by Bentacor in the subsequent 
discussion, he shifted blame to capitalism for the climate crisis. Betancor’s research 
and teaching connect to Wennerlind’s because they both critically examine histori-
cal narratives of power, expansion, and economics, which have led to devastating 
material ramifications, as exemplified in Bentancor’s focus on the mining industry 
in South America.

In the discussion, the panelists emphasized the value of critically examining the 
dominant ways of theorizing the environment for the last 500 years and the detri-
mental practical implications of this thinking so that educators and students can 
change the narrative and transform how they think about and engage with the 
environment.

21.3 � Climate Change and the Anthropocene

“How we define the problem is going to define where we look for solutions to the 
problem. If climate change isn’t happening, then there is nothing we should be 
doing differently. If humans are not responsible, then there is nothing we really can 
do to fix it,” warns Maria Rivera Maulucci, one of the panelists in “Climate Change 
and the Anthropocene” (Chap. 23). She then defines the Anthropocene for partici-
pants as the current geological age during which human activity is most responsible 
for climate and the environmental conditions and explains its significance in under-
standing the climate crisis and human responsibility. 

This panel focuses on different pedagogical approaches to teaching about humans 
and the environment. Maria Rivera Maulucci, Professor of Education, is joined by 
Anthony Cagliotti, Assistant Professor of History, Andrew Crowther, Assistant 
Professor of Chemistry, and Jon Snow, Associate Professor of Biology and students, 
Aastha Jain and Yuval Dinoor.

The panelists summarize how their teaching and research connect to the theme. 
Snow, who teaches cell and molecular biology, acknowledges that most students 
come to this subject with an interest in human health and that he has slowly shifted 
the focus from human health to the health of other organisms, specifically pollina-
tors. During the Anthropocene period, pollinators such as bees, which are important 
to the agricultural and natural ecosystems, are suffering and Snow’s hope is that 
while students may continue on their path into the medical and health fields, they 
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will have a better understanding of ecological issues connected to human activity. 
Cagliotti acknowledges that history may not be the most obvious discipline to turn 
to when confronting the current climate crisis and future sustainability efforts 
because, like molecular and cell biology, people tend to think of history as human-
centered and focused on the past. However, for Cagliotti, the focus on the 
Anthropocene, the part of history that connects human activity to climate change, 
must be understood in order to describe the devastating consequences of industrial-
ization and farming on the environment as well as to contextualize scientific con-
cepts like “climate.” Crowther teaches the physical chemistry and mechanisms that 
cause global warming, revealing inefficiencies in power plants and other modes of 
human-generated energy. He addresses climate change as a physical chemist with a 
very specialized and precise area of expertise, while Rivera Maulucci addresses 
climate change and environmental sustainability in courses on teaching science 
more broadly. She relies on standards for education for sustainability that can be 
used for K-12 curriculum development, offering her college students multiple path-
ways to create lessons on sustainability.

Though approaches and disciplinary knowledge differ between the panelists, all 
of them create authentic opportunities for students to actively engage in the learning 
process with meaningful real-world applications or connections. As Rivera Maulucci 
emphasizes, it’s important for students to do the work. She has students teach the 
lesson plans they create in her course in the K-12 classrooms. On the first day of 
class, Snow takes students outside to meet bees and assigns students their own inde-
pendent projects at the end of term. Crowther applies concepts students learned in 
foundational courses to more specific cases like how solar cells and batteries work, 
how power plants waste energy, and how specific mechanisms cause global warm-
ing in his physical chemistry course. Cagliotti partnered with the Computing 
Science Center to offer a student data visualization workshop on how scientists 
visualize climate change in maps and graphs to emphasize the importance of model-
ing in understanding and predicting climate change as well as comprehending how 
knowledge is produced based on these visualizations.

The panelists also connect the theme to issues of justice and inclusion. Cagliotti 
builds on Rivera Maulucci’s discussion on how the concept of the Anthropocene has 
been contested by climate deniers and those who do not believe humans are to blame 
for the current climate crisis. According to him, the concept has also been consid-
ered controversial by those who argue that it conceals which humans, societies, and 
countries have predominantly contributed to global warming and the intersection of 
human inequities and environmental concerns. Similarly, Snow’s research on bees 
has led him to consider the connection between pollinators and food justice because 
bees are pivotal to the agricultural systems that reinforce uneven food distribution. 
Rivera Maulucci uses culturally sustaining pedagogy (CSP) as an umbrella approach 
to sustaining “rather than eradicating” the environment and culture of marginalized 
communities experiencing oppression. The Anthropocene becomes an important 
way to frame the relationship between humans and their diverse environments. At 
the same time, the panelists acknowledge that there are disparities in power dynam-
ics between humans that impact how they engage with those environments.
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In the discussion, the panelists share what and how they teach as well as the 
interdisciplinarity of teaching climate change, enabling educators and students to 
understand the Anthropocene as a multifaceted pedagogical topic that can be 
explored from various disciplines and areas of expertise.

21.4 � Environmental Justice

“Environmental justice, in many ways, is just an extension of looking at unjust rela-
tionships. The relationship between people and the relationship between the 
earth…” says one of the panelists, Angela Simms, in “Environmental Justice” 
(Chap. 25). This discussion expands upon the comments made by the previous pan-
elists by focusing on the intersections of human inequities, such as structural racism 
and wealth disparity with hazardous environmental conditions and unjust distribu-
tions of natural resources. Simms, Assistant Professor of Sociology, is joined by 
Elizabeth Cook, Assistant Professor of Environmental Science and Manu Karuka, 
Assistant Professor of American Studies and students, Rachel Elkis and Yuval Dinoor.

The panelists describe the evolution of incorporating environmental justice in 
their teaching. For example, Cook admits that while it is a major part of her research, 
she has only recently dedicated more time to it in her courses. As an ecologist, she 
explains that environmental justice, once focused specifically on economic dispar-
ity, now includes intersecting systems of oppression, such as structural racism. 
There is also a shift in concentration from the availability of green space and biodi-
versity in different communities to evolutionary trends in cities based on aspects of 
green spaces and species interactions with one another. For Karuka, his students’ 
interest in current events like Standing Rock and the Black Lives Matter movement 
has motivated him to include environmental justice cases within his courses. For 
example, he introduced the concept of slow death in his “Profits on Race” course in 
connection to Freddie Gray’s murder because before Gray was killed in the back of 
a police van, he was a victim of lead poisoning as a baby. Karuka seeks out collec-
tive questions from students to connect course material to current happenings in the 
world. Simm’s policy work in the federal government before becoming a sociology 
professor motivates her coursework. She discusses how federalism helps explain 
how different nestings of power and authority interact to impact geographies of 
opportunities for people and she provides students with the sociohistorical context 
in which to do environmental justice work.

Engaging in this material can feel very personal for students, and Simms tries to 
frame their roles in a sociohistorical context. She says,

You’re standing on the shoulders of giants—people have been resisting oppression since 
people have existed—so you now have the baton. I am equipping you to think through how 
to be more effective. I have to be a good steward of your energy, your time, your resources—
but think about this as a process of negotiating with yourself and with others about how we 
engage each other on the earth. This is ongoing and it is going to be a lifelong process, so I 
want you to feel empowered to engage effectively.
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She encourages students to think about their social locations and spheres of influ-
ence through formal and informal relationships and the different power dynamics at 
play. She assigns students to write op-eds to share their opinions on policies. Karuka 
has students write letters to themselves about the skills they have learned at Barnard 
and their assessment of racism in society. He says that many of those letters address 
environmental justice. His second writing assignment builds off the first and asks 
them to answer what they will do to fight racism or war. By the end of the semester, 
he hopes they are aware of their own agency and abilities to make change. 
Environmental justice is at the forefront of conversations in Cook’s classes, in which 
she prompts students to apply what they discuss in the classroom to their own com-
munities, as she does in her participatory research with community members in 
Harlem and at the Mayor’s Office.

Partially because environmental justice can be so personal, an audience partici-
pant asked the panelists how they address eco-anxiety and grief from students that 
may feel overwhelmed by the current state of structural oppression and the environ-
mental crisis. Karuka suggests that for those of us who are non-native, we can learn 
from Indigenous communities and philosophies on “how to survive catastrophe,” 
which Indigenous people have been doing for over 500  years. Likewise, Simms 
refers to a “reservoir of wisdom” from people of color who have been dealing with 
devastation for centuries. She recognizes that there are still serious emotional and 
mental challenges in doing this work and processing the pain and trauma of racism 
and climate crisis but her advice to students includes learning different histories and 
forms of wisdom.

In the face of the immense intersecting injustices discussed, the panelists model 
a collective agency and eagerness to work together, and with others, to make change 
and motivate those in their spheres of influence to do the same. The discussion is a 
call to action for educators and students to be agents in the collective struggle for 
environmental justice.

21.5 � Design Decarbonization

“So what we are experiencing right now is enormous increases in CO2 levels com-
pared to historical levels. The last time we had that high of a level was 3 million years 
ago and the earth was much, much warmer than it is today” cautions Martin Stute, 
one of the panelists of “Design Decarbonization” (Chap. 26). He presents a few 
visual graphs to demonstrate the urgency of reducing greenhouse emissions such as 
CO2. This process is known as decarbonization and requires individual, collective, 
and systematic changes to reach net zero emissions in order to prevent further cli-
mate change. The panelists share how they design decarbonization from their fields 
and in their classrooms. Stute, Professor of Environmental Science is joined by 
Kadambari Baxi, Professor of Professional Practice in Architecture, and Sandra 
Goldmark, Associate Professor of Professional Practice in Theatre and Director of 
Sustainability and Climate Action and students Linda Chen and Olivia Wang.
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This panel uses data visualizations to reinforce the immediacy and seriousness of 
climate change and also to emphasize the role of design in conveying information 
and making change. Baxi explains that designing decarbonization requires collec-
tive authorship that includes scientific knowledge, global governance, worldwide 
collaboration, and activism. Goldmark shares her own experience learning about 
greenhouse emissions as a theater artist, trying to make connections between the 
global crisis and her own work. She started by decarbonizing her own design prac-
tices, which eventually led to redesigning her teaching practices as well.

The panelists reveal some of their pedagogical approaches to teaching and par-
ticipating in decarbonization design. Goldmark uses circular design and production 
principles in her teaching and assignments. For example, after a student builds one 
model, they exchange their model with a peer and must design the second model 
from the material they find in their peer’s first model. In one of Baxi’s courses, she 
asks students to explore the relationship of museums to climate change and has 
them create exhibits that “make visible” the complex issues connected to climate 
change through a practice she has coined as “Climatorium.” In Stute’s Sustainable 
Development workshop course, groups of students act as mini consulting firms, and 
they work with outside clients on real problems that often involve climate change. 
These panelists employ pedagogical approaches that require students to work 
together and reinforce the “collective authorship” that Baxi mentions as essential 
for designing decarbonization.

In answering how to address the gravity of climate change authentically in every-
day lives, the panelists address it at the individual level in which people can practice 
more sustainable daily routines and make change within their spheres of influence. 
They also emphasize the importance of systematic and structural change to tackle 
this global crisis. Stute advocates for voting as a small but essential practice and 
Baxi suggests collective organizing. Both practices connect individual action to 
structural change. Goldmark agrees that action should happen at the individual, col-
lective and structural levels. She hopes this session will get participants to ask the 
question, “Okay, given where I am and where I am working, what can I do?” The 
panelists share what they are doing, given where they are, where they work, and 
what they do to reinforce the severity of our climate crisis and inspire educators and 
students to engage in their own efforts to design decarbonization.

Jennifer Rosales  is the inaugural Executive Director of Barnard 
College’s Center for Engaged Pedagogy. She provides academic 
leadership and vision for teaching and learning at Barnard, guid-
ing and expanding its commitment to inclusive and imaginative 
pedagogy. Jennifer received her Ph.D., MA and BA from the 
University of Southern California.
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Chapter 22
Panel One: Theorizing the Environment, 
March 10, 2021

Orlando Betancor, Hilary S. Callahan, Carl Wennerlind, Yuval Dinoor, 
and Rachel Elkis

22.1 � Panel Discussion

Yuval Dinoor  Before we dive into the wonderful panel discussion, I want to offer 
a brief land acknowledgment… (See Rosales Introduction.) Thank you very much 
for listening. I will pass it over to Rachel, who will introduce herself and begin to 
introduce our panelists today.

Rachel Elkis  As Jennifer mentioned, after our climate conversations in response to 
the Climate Action Vision Statement last year, I am representing the student voice 
and encouragement for incorporating sustainability in the curriculum. So without 
further ado, I would love for our faculty panelists to introduce themselves, their 
department, courses they are currently teaching, and then their role in the Barnard 
community, both inside and outside of the classroom.

Panelists: Orlando Betancor, Hilary S. Callahan, and Carl Wennerlind
Student Moderators: Yuval Dinoor and Rachel Elkis

O. Betancor 
Department of Spanish and Latin American Cultures, Barnard College, New York, NY, USA 

H. S. Callahan (*) 
Department of Biology, Barnard College, New York, NY, USA
e-mail: hcallaha@barnard.edu 

C. Wennerlind 
Department of History, Barnard College, New York, NY, USA 

Y. Dinoor · R. Elkis 
Barnard College, New York, NY, USA 
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Carl Wennerlind  I teach in the History department. I focus on seventeenth and 
eighteenth century Europe and am mostly interested in economic ideas, concepts, 
and institutions. But lately, I have gravitated towards the relationship between the 
economy, economic thought, and the environment. I am going to talk to you today 
about my course on the history of the idea of scarcity and introduce some aspects 
about how different ways of thinking about the world, can be viewed as instrumen-
tal in generating a culture in which the environment is treated and exploited in ways 
that have landed us in the predicament that we are now facing.

Orlando Betancor  Hello, my name is Orlando Bentancor. I teach in the Spanish 
department. I am also the chair of the Spanish department. I teach a course, 
Introduction to Hispanic Cultures I, which is a survey from the Romans to the 
Iberian Empire, and I always gave it a material/ecological twist. So I was always 
interested in ideas of imperialism, domination of nature, imperial expansion, and 
early modern globalization. Now I am also teaching a class called, Between Science 
Fiction and Climate Fiction, where I am teaching authors that are all females except 
one, and it is centered around literature written in the last five years. The course 
pays a lot of attention to environmental consequences, the agro-industry, and extrac-
tivism, and basically the consequences of this corporate exploitation of nature in 
Latin America.

Hilary S. Callahan  I am a botanist by training, specifically in plant ecology, and 
in addition to being a professor and the chair in the biology department, I do a lot of 
things around campus. I am the faculty director of the Ross Greenhouse and I work 
a lot on mentoring, research, and teaching experiences, like the Beckman’s Scholars 
Program and the Barnard Noyce Teacher Scholars program. I love teaching and also 
working with students on their journeys at Barnard, looking ahead to what they are 
going to do with their lives, especially students starting to discover an avocation as 
a botanist or plant ecologist. I am the only person in the Biology department who 
teaches plant courses. My main focus today is about ecology and how to teach eco-
logical thinking. It is a complex discipline. It is imperfectly unified, in part because 
it is integrated with other aspects of biology, like genetics and genomics, while also 
being integrated with the social world, the economic world, and the worlds of public 
health and environmental health. I feel privileged to have a career studying these 
things, especially how it allows me to integrate what I do for my job with everything 
else in my life and my environment.

Yuval Dinoor  Thank you for sharing a little bit about what you do in the Barnard 
community. I think it is so exciting delving into our conversation that each of you 
comes from such different disciplinary backgrounds to this conversation about theo-
rizing the environment in our classes. So to kick this off, I would love to hear more 
about how the courses that you teach right now connect to the theme, theorizing the 
environment. What does it look like to take that kind of focus in the different classes 
that you each teach?
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Orlando Betancor  I integrate environmental discourses by focusing on classical 
philosophy, meaning Greek philosophy and medieval philosophy, how the 
dichotomy between humans and nature paved the way to the official ideology of the 
Spanish empire, and how that contributed to what Carl was talking about today. The 
Spaniards conceived nature in an instrumental way and that had a great impact on 
the environment. The main topic of my research was mining.1 What I tried to do is 
to criticize the hegemonic perspective. My other class, the one I am teaching now 
on climate fiction, is very inclusive because I tried to bring in as many different 
voices as I can. When I teach this other class, I emphasize how important it is to 
understand the ideas behind dominant notions of nature, and how the ideas about 
climate change brought us here to this current situation. I am convinced that climate 
change and the environmental crisis are not something that is only practical. They 
are also ideological. Abstractions in a way, rule the world, and these presuppositions 
are extremely important. That is why sometimes the students complain about 
Hispanic Cultures I. Why don’t we have more diverse voices? First, it is very diffi-
cult, and second, I really want to place more emphasis on these dominant ideas, on 
these ideas that drove sixteenth-century mercantilism and capitalism.

Hilary S. Callahan  I teach a science course, and I will talk a little later about what 
I call cross-scale thinking, across a lot of different spatial scales from the local to the 
global, and also temporal scales. I am honored to be with people who have such 
strong history training, who emphasize history in their scholarship. I do aspire, in 
my science course, to keep close to the foreground the soft and ideological aspects 
of what we are studying, and the history of ideas. I do that in an untidy way. It is 
scattered throughout the course because ecology has so many implications for law, 
politics, and policy.2 Ecology is a professional practice. People hire ecologists when 
they want to build a road or open a mine. There is a lot of interaction between the 
global and colonizing north and how their cultures and their impacts have spread all 
over the world throughout the diverse tropics, diverse in terms of human diversity 
and biological diversity. I am also thinking about the role of historically marginal-
ized people who are ecologists—a lot of white men built this relatively young field 
of ecology.3 But the field was drawing from much older knowledge systems that 
women and Indigenous people had developed to understand the world, and continue 
to develop.

The way I sell ecology to science students is that it is Biology. And people love 
biology. It is the study of life and people. The cell is fascinating, and the body is also 
fascinating, and I do show students how ecologists do experiments with these 
entities, at the laboratory bench with test tubes and pipettes and instruments. The 
departure of ecology is doing experiments out in the world, in forests and lakes or 
in the ocean. Students immediately grasp that ecology is richly informed by 

1 Betancor 2017.
2 Neff 2011.
3 Courchamp and Bradshaw 2018.
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nature-observing and being out in nature, but what my courses also stress is how 
ecology and ecologists are adamant about being theory-driven, operating as physi-
cists do, from first principles about matter and energy. Ecologists also develop for-
mal quantitative models, mathematically and computer-based. Ultimately, ecology 
is also an applied science, informing land-use, energy use, agriculture, water and 
fire management, and many other activities, including human health. For those aim-
ing for medical school, we explore how being well-versed in ecology is likely to 
help in health-related STEM careers. And of course, ecology knowledge is going to 
be empowering to them intellectually not just in their jobs, but beyond their jobs, as 
citizens in the world.

Carl Wennerlind  The course that I am teaching on the history of scarcity shares a 
lot of common ground with Orlando’s teaching, thus suggesting a nice kind of syn-
ergy. The course is based on a book that I am in the process of finishing, Scarcity: 
Economy and Nature in the Age of Capitalism. It is a co-authored book with a col-
league at the University of Chicago, Fredrik Albritton Jonsson, and it explores the 
economic thinking of infinite economic growth, which we regard as an important 
underlying feature of the Anthropocene. Economics tends to think of human desires 
as endless and nature as infinitely expandable or infinitely substitutable. We are 
interested in investigating how such a bizarre idea took hold and offering a critique 
of why this way of thinking about the world is not appropriate for the development 
of sustainable economic processes. The course traces these ideas back to the seven-
teenth century and then moves forward in time, eventually ending up discussing 
contemporary challenges and opportunities.

Premodern writers had a tendency to think of both economic desires and nature 
as bounded. They viewed desires as limited by spiritual, moral, and political con-
cerns and they thought of nature as scant, incapable of yielding ever-increasing 
amounts of goods. Matters began to change towards the end of the seventeenth 
century. Natural philosophers, such as Francis Bacon and Samuel Hartlib, gained 
confidence in their capacity to decipher nature’s source code and thus operate on it, 
in an almost godlike manner. They viewed nature as God’s gift to humanity and 
insisted that it was humanity’s responsibility to fully utilize all of nature’s resources. 
Along the same time, moral philosophers, such as Nicholas Barbon and Bernard 
Mandeville, began theorizing human desires as unlimited. Unlike their predeces-
sors, who saw unlimited desires as unnatural and a danger to social stability, Barbon 
and Mandeville argued that never-ending desires for more consumption infuse soci-
ety with a progressive energy that over time contributes to greater affluence. As 
such, they promoted a radically different way of thinking about the relationship 
between nature and human desires, a double helix of infinities.

The class then moves through the centuries, examining how the conceptualiza-
tion of nature and the economy evolved. Most of it is not a linear but a dialectical 
story. People like Gerrard Winstanley, Jean-Jacques Rousseau, and Karl Marx pos-
ited alternative grand narratives designed to reshape economic and environmental 
thinking. In the end, however, the notion of infinite growth prevailed and became 
entrenched in western cultures. Although my course is intrinsically historical, it is 
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based upon a critique of contemporary thinking, a critique of contemporary neoclas-
sical economics, which has become an almost hegemonic way of looking at the 
world. This way of thinking has seeped into the social fabric and now exercises a 
great deal of influence over how people think about the world and its future. If we 
are to successfully develop more sustainable economic patterns, new ways of think-
ing about the nature-economy nexus are required.

Rachel Elkis  Extremely interesting and working off of this historical context and 
how we think about these topics through time, I am wondering how this integration 
of environmentalism and sustainability has evolved within your courses over time?

Carl Wennerlind  I have always taught courses on capitalism. Most of the time, 
my focus has been on a critique of capitalism through a historical lens, but the criti-
cism has mostly been about things like alienation, monopoly, exploitation, slavery, 
and colonization. Earlier, nature and the environment didn’t figure that much into 
my way of thinking about capitalism. Now that I have seen the light, so to speak, I 
recognize that you cannot think about capitalism without nature, nor can you think 
about nature without capitalism. So from now on, I will always explore prisms and 
readings that are integrating these two perspectives.

Hilary S. Callahan  One thing I clearly have in common with Carl is a focus on 
economic ideas. If you look up the definition of ecology, it is typically phrased as 
the study of the distribution, and it often refers to abundance, such as population 
abundance or species abundance. Abundance, like scarcity, is an inherently eco-
nomic idea. The word is not really needed to talk about distribution. Clearly, there 
is clumpiness rather than uniformity, but that can be referred to as low and high 
density, or low and high frequencies, not using such loaded words. Another really 
dominant language that you hear in ecology is trade-offs, a balance of costs and 
benefits. And ecology constantly harks back to Thomas Malthus and the idea of 
overpopulation and scarcity, overlooking the many moral dimensions of such argu-
ments. Concepts of abundance and trade-offs and over-population remain as impor-
tant ideas in textbook ecology, typically with little if any ideological critique. 
Students learn it, and then if they become teachers, they continue to teach it and 
never critically dismantle it.

Being at Barnard has been such a great privilege because I am always in conver-
sation with people like Carl and Orlando and I have come to completely change my 
perspective and approach, noticing and calling attention to words like “abundance” 
or “dominance” and seeking more neutral terminology and frameworks. Sometimes 
that comes from another motivation, which is to try to read more papers by women, 
including a notable single-authored paper by a woman in conservation biology, 
entitled Seven Types of Rarity. Its author, Rabinowitz, set up three dichotomies to 
identify eight ways that organisms can be found in the world. Most of the species 
that make up the world’s biodiversity are confined to seven types of rarity, being 
narrowly endemic in terms of geography rather than widespread, being ecological 
specialists with a narrow niche rather than broad generalists, or living in low 
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densities within a habitat area. Or some combination of these. The eighth way is to 
be common in all three ways, as humans are—widespread globally, generalist and 
often at high densities, as in cities. Rabinowitz’s paper is just one example of gain-
ing key insights by adding more papers by women. Over time, I also have started to 
include papers that are less neutral than hers, and may go beyond ecology into other 
non-ecological ways of thinking about biodiversity, even going as far as decentering 
capitalist economic thinking or other tacit ideologies that are inherent to ecological 
ideas or terms.

Orlando Betancor  Hilary, what you said, reminds me of Donna Haraway, and her 
2016 book, Staying with the Trouble. The notion is simple: losing yourself with 
other things. But it is really beautiful. I was going to say something different about 
how my thinking about the environment changed over time, given the texts and the 
imperial ideologies I started with at the time. Since this is theorizing the environ-
ment, the theory I used relied heavily on fashionable French theory and this post-
Heideggerian way of thinking, post-structuralism, Derrida, Deleuze, etc. But the 
basic Heideggerian topic is that technology is the problem. Technology is a way of 
considering nature in terms of a standing reserve as passive material and thus vio-
lent to nature. I was fully within that paradigm until I read two books. One of them 
was Alfred Sohn-Rethel’s Intellectual and Manual Labour: A Critique of 
Epistemology and the other one was Jason Moore’s Capitalism in the Web of Life. 
Then, I saw that technology was not the problem, and I saw clearly, in historical 
terms, that the problem was capitalism. That served my purposes, the purposes of 
reading these texts, way better than presupposing abstract ideas, such as the homog-
enous idea of humanity, and anthropocentrism, the technology. It was more a story 
of power, a story of an expansion, one of power and economics, one closer to what 
Carl was talking about, and that is why I appreciate his work so much.

Ideas such as the Aristotelian notions of desire were not just some kind of expres-
sion of a technological will to power that is threatening to engulf everything and eat 
the world. They were contingent, historically and geographically situated processes 
that could be changed. There is no necessity. It did not have to be that way. And that 
is how environmentalism changed in understanding over time, finding bits and 
pieces of theory here and there that somehow change the way you think about 
these topics.

Yuval Dinoor  I think it is so interesting to hear from all three of you about the wide 
array of voices that you are all bringing into your course material to related stories 
in all of your different course disciplines. I’m curious about beyond the theoretical 
component, how this turns into practice. Are there ways that you designed or 
planned your course so that it encourages students to think about environmental 
theory beyond the classrooms? What do you think has worked well in that regard as 
you have experimented with this in the past?

Hilary S. Callahan  There are two things that I use in developing a framework for 
the course and a reading list. One is crossed-scale thinking, which somewhat con-
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nects with Barnard’s Foundations Curriculum, for example our Modes of Thinking—
Thinking Globally and Thinking Locally. In my course, I try to cover things that are 
local. I love it when we can study something ecological about New York City that is 
very local. But I do not want to be restricted to just this specific city. I want to be 
able to go to other parts of the world. In Spring 2020, I was teaching Ecology and I 
made the decision to read up on the fires that were happening in Australia and to talk 
about them at the opening of the course. Ironically, in my previous notes from teach-
ing quite a few years ago in 2011, I had opened the course with a discussion of 
disease ecology, because of the Ebola epidemic. So in December 2019, I replaced 
that opening focus with new material about Australia, because I thought it would be 
interesting to open the class up to a more global perspective, to focus on another part 
of the world and to think about the climate crisis and the ongoing wildfires. There 
are interesting conflicts between European settlers in Australia and Indigenous tra-
ditions in managing fire and managing land resources. It was great. But then, less 
than a month into the course, I realized I needed to use that epidemic and disease 
ecology material, because of the Covid-19 pandemic.

Regardless of current events topics in any given semester, I do try to look at all 
scales. Ecologists do go all the way from experiments that can be done in a test 
tubes in the lab or in the greenhouse, to studying tiny insects and mosses in the field, 
and also doing investigations requiring satellites to gather data remotely, to focus on 
whole swathes of the earth, if not the entire earth.

Also, I try to bring the canonical list of important ecology articles into dialogue 
with other voices. Ecology has a strong White, male-dominated list of influential 
papers, and there is rampant argument about it.4 I bring that argument right into the 
classroom. That type of critique is such a Barnard thing. Reading women authors, 
and more authors from Latin America or Africa, goes hand-in-glove with having 
geographic diversity, so useful in ecology, and also a diversity of conceptual 
perspectives.

Along with diversity all around the globe, I add in diversity through time, and not 
just evolutionary time but also more recent changes through time. I am honored to 
be talking with these two distinguished people who know so much about the history 
of the last 500 years. Trying to understand the ecology of five hundred years ago is 
clearly relevant to ecology today, but perhaps less understood and less studied is the 
world as compared to studies that last just a few growing seasons, or that use the 
evolutionary perspective to think about what happened, say, 10 or 20 million years 
ago. This vast range of scales is important to comprehend the mess that we are now 
in with the climate. Modern evolutionary biology and ecology have existed for just 
a little over a century, and only in the last few decades have ecologists developed 
ecological lenses for this intermediate time scale, allowing us to investigate global-
ization, which has been happening over 500–600 years, and also the impact of the 
industrial revolution and fossil-fuel burning.

4 Mayer and Wellstead 2018.
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Orlando Betancor  I was going to say something briefly about going beyond the 
classroom at this point. In the last few weeks. I have been talking to Chilean scholars 
who work on communication media studies on climate change. These scholars are 
interested in bringing feminine perspectives, Indigenous perspectives, and making a 
critique of extractivism. One of them specifically is making a critique of how corpo-
rations invent their own notions of sustainability, sustainability as a corporate inven-
tion, basically, which is something maybe we could pay more attention to in the 
United States. These mining corporations are the ones who are moving the strings 
when it comes to reinventing this notion of sustainability and the impact of the min-
ing practices on the environment. We decided to engage in an interdisciplinary proj-
ect where I can bring my own text-based approach to other perspectives open to the 
experience of communities that are suffering right now and the impact of destruc-
tiveness in these communities.

Carl Wennerlind  Let me also give you an example. When I taught the course last 
time, we started by reading a glossy insert in The Financial Times that documented 
all the things that the corporate community is doing for sustainability and for green-
ing capitalism. It was quite the study in self-congratulatory rhetoric. It almost felt as 
though The Financial Times exists in an alternate reality. The students compared the 
choice of grand narratives to the film, The Matrix. If you take the blue pill you can 
continue living as though nothing is wrong, but if you take the red pill and start 
learning about the coproduction of capitalism and the environment, you can never 
look back. You then bring that perspective with you into all of your other classes and 
into life in general, and it is almost impossible to unlearn the inconvenient truth. For 
me, it took a long time to get there, but luckily my students are taking in these les-
sons early in life.

Rachel Elkis  Really interesting. We want to get to the audience’s questions.

Student  I wanted to ask a little bit more about how the way your disciplines are 
structured informs the way that we perceive or conceptualize sustainability. I think 
you touched on this a little bit in terms of at least for the economics example, talking 
about how the discipline carries these assumptions about human behavior as inher-
ently wanting to maximize consumption and the implication that says about our 
behaviors surrounding consumption versus sustainability. I am curious to know if 
there are other things you have noticed about the way knowledge is produced in 
each of these disciplines that maybe reproduces these assumptions surrounding 
sustainability.

Carl Wennerlind  Economics is an inherently ahistorical discipline. It is based on 
a series of rather crude assumptions about human psychology. One such assumption 
is that people always prefer more consumption to less. This assumption might make 
sense in a world of consumer capitalism, say after the 1870s in the western world, 
but it would be difficult to maintain that this is the aim that characterizes people in 
earlier periods or in non-capitalist societies. The notion that people approach the 
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world as a set of consumption choices only makes sense in a consumer society. The 
assumption that people have insatiable desires leads economists to conclude that it 
is in people’s interest for the economy to grow as much as possible. The problem, as 
this panel has discussed, is that economic growth can no longer continue unchecked. 
Therefore, we need to rethink the purpose of the economy. We might not have to 
dedicate ourselves to no-growth, but we definitely have to find ways to grow that 
improve our lives without destroying earth systems. In writing our book on the his-
tory of scarcity and in teaching this course, I view it as essential to deconstruct the 
notion of scarcity and point out that it is based on assumptions made in the 1870s, 
grounded in limited psychological or anthropological research. It was just analyti-
cally convenient to assume that human desires are insatiable and that people are 
mostly focused on consumption. While this way of thinking fostered behavior and 
policies conducive to economic growth, our present challenge is to build a social 
science that is conducive to more sustainable practices.

Severin Fowles (Anthropology)  I am interested to hear what the others have to 
say about that question as well. This has just been great. Thank you all for doing 
this. Carl, what you were just saying made me suddenly leap back to readings of 
Marshall Sahlins and the Zen Road to Affluence, which is being resuscitated in so 
many communities I circle into, that are all about degrowth right now. The question 
that I have actually builds off of the fascinating comment that Hilary made about the 
incorporation of a certain kind of economic language in ecological theory. What 
interests me is that ecological language and ecological discourses have been taken 
up in the humanities as the core metaphor now. That started with Bateson and in the 
ecology of mind. But now, the new materialist language is all ecological language. 
So suddenly, I had this vision of the laundering of certain kinds of economic prin-
ciples through Ecology back into Social Sciences. I am curious about how all three 
of you think about the language that we use now, which draws upon so many eco-
logical metaphors, but maybe too loosely and maybe in ways that are denying that 
complicated history you were just pointing towards.

Hilary S. Callahan  There has been a lot of work done to critique the overemphasis 
on competition as the most important type of biotic interaction among organisms, 
rather than other ways that organisms interact.5 Additionally, for years, there has 
been this tension and hand-wringing among ecologists and in teaching ecology—
the pressure to keep ecology pure, to keep it scientific and therefore untainted by 
ideology or politics.6 I was fortunate to have had mentors who were on the other end 
of the spectrum. My dissertation adviser, while he was mentoring me and running 
our lab, was suing the United States Forest Service, alleging that it was negligent in 
protecting biodiversity. I learned so much by having a mentor who is not afraid of 
the soft, more social, and very political side of ecology.

5 e.g., Raerinne 2020.
6 Also see Pfirman and Winkler, this volume.
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Severin Fowles  I am just going to follow that because it is so fascinating: if eco-
logical discourse is being mobilized in anti-capitalist theory in the humanities right 
now, what you are just pointing to really concerns me, because its grounding is also 
in conservative, and capitalist economic theory.

Hilary S. Callahan  Yes, and some of the neo-Malthusian stuff is especially trou-
bling. For years, people who teach about ecology have used a “Tragedy of the 
Commons” metaphor to discuss resource management, citing the opinion piece by 
Hardin (1968) in the prestigious journal Science. Over the years, it is more and more 
recognized that the idea and the person who advanced it was questionable, and also 
associated with white nationalism (see also Ghoche & Udoh, this volume, chapter 
5). Yet his ideas are written into many ecology textbooks.7

Yuval Dinoor  That is such a rich starting point for so many conversations. We are 
going to transition to breakout rooms now.
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Panel Two: Climate Change 
and Anthropocene, March 19, 2021

Angelo Caglioti, Jonathan Snow, Andrew Crowther, 
María S. Rivera Maulucci, Yuval Dinoor, and Aastha Jain

23.1 � Panel Discussion

Yuval Dinoor  Before we get our conversation started, I would like to offer a brief 
land acknowledgment (See Rosales Introduction to this panel series.). I will pass it 
on to Aastha to introduce herself after introductions from our panelists.

Angelo Caglioti  Hello, everyone. It is a pleasure to be here with you. And thank 
you so much for inviting me to join this series. My name is Angelo Caglioti, pro-
nouns he/him/his, and I am in the History department. I am currently teaching a 
class that fits perfectly in the conversation we have today. It is an intensive lecture 
titled “Climate and History: Intersecting Science, Environment and Society.” I am 
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also teaching a senior thesis seminar throughout the year. To share something about 
myself and my role in the Barnard community, I am very excited to have finally 
moved to New  York. The pandemic delayed my arrival, unfortunately, but I am 
really happy to be here. I am particularly grateful that here I have the intellectual 
freedom to wear different hats at the same time: my interests in environmental his-
tory and history of science and my expertise in European history. I can see how they 
can intersect very well and serve the Barnard community at large. So, I am very 
excited to join this conversation.

Jonathan Snow  I am Jon Snow, my pronouns are he/his/him, and I am in the 
Biology department. I exclusively teach cell and molecular biology courses. 
Specifically, I teach a very large introductory cell and molecular biology course. I 
also teach several upper-level cell biology courses which are not automatically 
focused on sustainability. But I am excited to tell you about some of the things I 
have tried to do in those courses.

Andrew Crowther  My name is Andrew Crowther. I am a physical chemist, which 
is a discipline that is at the intersection of physics and chemistry, but more on the 
chemistry side. My research is focused on the fundamental properties of different 
nanomaterials. Pronouns are he/him/his. I am in the Department of Chemistry, and 
I mainly teach physical chemistry courses, both lecture and laboratory courses, in 
the department. At present, I am teaching Thermodynamics and Kinetics and also an 
advanced laboratory course primarily focused on physical chemistry topics.

María Rivera Maulucci  Hi, my name is María Rivera Maulucci, I am a Professor 
of Education, and I am really excited to talk to you today about how I am integrating 
sustainability into my courses. My background is in science education, so sustain-
ability is an obvious fit, although I also teach classes across education, including 
arts and humanities and all subject areas. I have supported the sustainability initia-
tives in the Barnard community and was involved in the conversations early on. I 
helped out with the faculty sustainability workshops last year. The other hat that I 
love to wear is around diversity and inclusion. I have served on the Faculty Diversity 
and Development Committee pretty much my entire time at Barnard up until last 
year. But certainly, that is a hat that I love to wear. And pronouns she/her/hers.

Aastha Jain  Thank you for introducing yourselves. As always, it is so exciting that 
we have folks on our panel from so many different Barnard departments teaching 
and doing so many different things. Today’s theme is Climate Change and the 
Anthropocene. I would love to hear what that theme means to each of you and how 
you connect your courses to that?

María Rivera Maulucci  First, I think it is helpful to define the Anthropocene, which 
means relating to or denoting the current geological age, viewed as the period during 
which human activity has been the dominant influence on climate and the environ-
ment. And I think this definition is important because this idea is disputed. We know 
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that climate change deniers come in at least two forms. Those that deny it is happening 
at all and ask, "Can we really say climate change is even happening?" So, they deny 
the science behind it. And then there are those that recognize that maybe climate 
change is happening, but they deny that humans are responsible. And so, this basic 
controversy that is at the root of this issue is really unfortunate, because how we define 
the problem is going to define where we look for solutions to the problem. If climate 
change isn’t happening, then there is nothing we should be doing differently. If 
humans are not responsible, then there is nothing we really can do to fix it.

The courses that connect most directly to sustainability are the Science in the City 
courses. These are pedagogical electives offered by the Education Program that focus 
on the methods of teaching science. In those courses, we use the standards for educa-
tion for sustainability1 as the basis for the curriculum development that my students do 
when they work with K-12 students in their field placements. There are nine core 
standards and those include cultural preservation and transformation, responsible 
local and global citizenship, the dynamics of systems and change, sustainable eco-
nomics, healthy commons, natural laws, and ecological principles, inventing and 
affecting the future, multiple perspectives, and a strong sense of place. What I really 
appreciate about this framework is the idea that there are many pathways to sustain-
ability. You can come to sustainability from the perspective of cultural preservation 
and transformation, or you can come to it from a strong sense of place.

In education, we have an approach to pedagogy called culturally sustaining peda-
gogy. Django Paris and Samuel Alim explained culturally sustaining pedagogy as 
an approach that:

seeks to perpetuate and foster—to sustain—linguistic, literate, and cultural pluralism as 
part of schooling for positive social transformation and revitalization. CSP positions 
dynamic cultural dexterity as a necessary good, and sees the outcome of learning as addi-
tive, rather than subtractive, as remaining whole rather than framed as broken, as critically 
enriching strengths rather than replacing deficits. Culturally sustaining pedagogy exists 
wherever education sustains the lifeways of communities who have been and continue to be 
damaged and erased through schooling. As such, CSP explicitly calls for schooling to be a 
site for sustaining—rather than eradicating—the cultural ways of being of communities 
of color.2

What this means is that the umbrella for what counts as sustainability is quite broad. 
Many things can be included, and when you are working with local communities or 
even a college campus, the many questions about what needs to be sustained versus 
what needs to be changed can fall under this umbrella. So whether you are working 
to ensure the city has more green roofs or clean water or the campus has more green 
spaces, or the curriculum has more conversations about sustainability, or we are try-
ing to document or reclaim the rich cultural history of Black and Latinx neighbors 
in Harlem, or working to help students sustain their native languages and cultures as 
they engage with western educational systems, or creating opportunities for civic 

1 The Cloud Institute 2010.
2 Paris et al. 2017.
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engagement for our students, whether it’s in K-12 classrooms as my students are, or 
in other spaces, we can all begin to recognize the work we are doing as informed by 
tenets of sustainability, or we can all begin to see how we might elevate the work by 
bringing those tenets in.

Jonathan Snow  I study honey bees, and I just love bees. But I did not start out that 
way, and this comes to what I have tried to do with my classes. My background is in 
biomedical sciences and using cell and molecular approaches to understand disease 
in humans. I switched to bees about ten years ago. What I have found as someone 
who teaches cell and molecular biology classes is that the vast majority of the stu-
dents are focused on human health, as I was earlier in my career. Most students really 
want to use their biological training to go into disciplines that are focused on human 
health, such as medicine, public health, or biomedical research. I have tried to 
broaden their horizons in terms of how cell and molecular biology can play a role in 
asking biological questions beyond human health and then help them appreciate how 
a broader number of organisms on this planet are worth studying and thinking about. 
During this Anthropocene period, one of the things that we see is a lot of important 
organisms facing difficult times, and pollinators, those animals that help to pollinate 
plants both in agricultural ecosystems but also natural ecosystems, are really facing 
the brunt of those difficulties. One goal of mine is to bring those ideas to students 
who are more focused on human health than environmental issues or ecology issues.

The class where I have been able to do that most easily is an upper-level cell biol-
ogy lab class where I have been slowly shifting the focus so that we can frame it in 
the context of how organisms, especially pollinators, and especially bee pollinators, 
are dealing with stress at the molecular and cellular level.3 The focus of the class has 
changed from one on human health to one on how disease happens in other organ-
isms like pollinators and how we are playing a role in that. My belief is that most of 
these students are going to continue with their dreams of working in the healthcare 
industry, but they will have the knowledge about bees from this class and a greater 
appreciation for ecological issues when they move on into their lives. We have been 
able to expand our focus from looking at honey bees, which I call the gateway bee, 
to all these other different bee species. There are actually around 20,000 bee species 
on the planet,4 and most students are not aware of that when they start the course. 
These other bee species are so important in so many different ecological contexts, 
and they do not have the same level of visibility and appreciation that honeybees 
have. Broadening the horizons of students who love molecular biology but are only 
thinking about it in a certain context is our main goal in that class. Still, it only 
reaches a few students every year. We have begun using honeybees in some of the 
introductory lab classes to reach more students.

Angelo Caglioti  In terms of history, you might be wondering, what does history 
have to do with climate change and the Anthropocene? Probably most people think 
of history as a very human-centered study of the past. Whereas climate change, of 

3 Snow this volume.
4 Michener 2007.
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course, seems like a threat. It is a threat to our future. Yet history is connected to the 
Anthropocene – and the question why it is a useful concept – because of the long-
term perspective that it offers to think about it over time, especially over the histori-
cal perspective of geological time. Geological time is so vast that it is really hard for 
us to understand, grasp, and conceptualize. So, if you compare it to an hour, then of 
that, we experience the appearance of humans taking place more or less in the last 
minute. Within the last minute, the Anthropocene occupies the very last seconds. 
Everything that took the entire hour to put together – the earth, the climate – has 
been changing in the very last seconds of geological time much more rapidly and 
dramatically than over the rest of the hour. For me, this is the best answer to the 
question: why do we need history? We need to study and understand what has been 
happening in these last minutes.

The way I teach this point in class is by offering a short global history of the 
relationship between society, humanity, and the climate from two perspectives. The 
first one is the perspective of environmental history, which shows the material 
changes that brought us here, such as farming, industrialization, and the so-called 
“Great Acceleration” in the twentieth century. The second perspective is from the 
history of science. This approach contributes to our understanding of the concepts 
in use to describe and talk about climate. What is the “climate”? How did we come 
to think about the climate as just one global phenomenon? Etymologically, “cli-
mate” comes from the plural of the Greek word, klima, klimata, which means incli-
nations or latitudes, a word used to describe how different regions of the Earth at 
varying latitudes enjoyed different temperatures and climatic characteristics. So 
how did we come to think about the “climate” not as a plurality of regional phenom-
ena, but as a global scientific idea? This cultural and intellectual transformation 
pertains to the history of science. Even a concept like the Anthropocene is not neu-
tral. As María pointed out, it can be critiqued from the angle of climate change 
denialists. But academics and activists have also criticized it for not capturing 
enough of the process that produced the Anthropocene. If you look at how we got 
here, the history of global warming is another side of the history of global inequali-
ties. Not all countries and societies contributed in the same way to the pollution 
levels that we experience today. That historical disparity is a huge issue for the suc-
cess of international negotiations to address climate change. History as a discipline 
sheds light on the origins of these challenges. Climate change is not just an environ-
mental, scientific, or policy issue. Its history needs to take into account all these 
different aspects and their relationship. Thus, my history lecture class trains stu-
dents coming from different disciplines and going into different fields to analyze the 
history of how we got here. In short, history helps to connect the local and the global 
challenges of climate change.

Andrew Crowther  I teach an upper-level physical chemistry elective course that 
is focused on the physical chemistry of climate and energy. For a little context, the 
two classic physical chemistry lecture courses are quantum chemistry and thermo-
dynamics. Quantum chemistry and thermodynamics are usually semester-long 
courses. We lay a lot of conceptual foundations in these courses, along with intro-
ducing applications of these concepts relevant to chemical research. In the physical 
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chemistry elective course, I build on these introductory courses by applying the 
previously learned foundations to the topics of climate and energy. Physical chem-
istry is integral to fundamental climate science and to transferring energy between 
different forms. In the elective course, we talk about the mechanism of global warm-
ing, which involves the vibrations of molecules in the atmosphere absorbing light. 
We also talk about how solar cells and batteries work. We can take a lot of the foun-
dations that students have developed in earlier courses and apply them to these dif-
ferent topics.

Aastha Jain  Fantastic. Thank you all so much for that overview. I would love to 
now talk about how your approach to this theme extends beyond the classroom and 
how you integrate this theme beyond just the classroom space?

Andrew Crowther  My elective course was designed to focus on climate and 
energy from the beginning, but I have incorporated some of these ideas beyond this 
course over the years, primarily into other courses. For example, I often teach 
Thermodynamics and Kinetics. Thermodynamics places fundamental limits on how 
efficiently you can convert energy from one form to another. When I teach this 
topic, I now make specific points about how power plants or other modes of generat-
ing energy have an inefficiency to them that is inherent. There are fundamental 
limits on the efficiencies of these processes. So, we talk about how there is wasted 
energy that is not wasted on purpose. There is actually just a fundamental limit on 
how efficient power plants can be. That is one example of how I have started to 
bring some of these ideas into earlier courses.

María Rivera Maulucci  The evolution in my courses has been about trying to 
sustain conversations about sustainability across the semester. In the beginning, I 
would introduce the education for sustainability standards, and I actually had a dif-
ferent framework that I used until I found the one from the Cloud Institute,5 which 
is more comprehensive. But when I first started bringing sustainability in a couple 
of years ago, we would have one class where I would introduce the sustainability 
standards. We would talk about them and have a great discussion about it but that 
discussion was not really connected with what came next. What I found was that if 
you really want to sustain these conversations across the semester, it has to be part 
of what I am asking students to do. That meant redesigning the assignments or the 
reflections that students had to complete so that it was part of what my students 
were doing.

So, I started incorporating sustainability into what my students had to do when 
they were placed in schools. Right now, they are teaching over Zoom, but they are 
usually placed in schools and they work with classroom teachers to develop science 
curricula. So, in one course, I said, you have to develop a sustainability science unit. 
My other course focuses on integrating engineering with the science curriculum. 
So, I said, you have to develop engineering design units that have a sustainability 

5 The Cloud Institute 2010.
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theme. For example, one team was teaching a unit on the water cycle, and they 
worked with the teacher to develop a unit on flooding. The students had to design 
flood mitigation methods, which they tested to see if they worked. Another team 
looked at water quality, and students had to design water treatment devices, which 
they tested to see how clean the water was. Their work was embedded in a unit on 
earth materials.

By requiring a sustainability theme, my students were not just having this great 
discussion at the beginning of the semester as to why sustainability connects to sci-
ence education. Now, they actually had to do something with it. And that is the key. 
When we ask students to do something with these ideas, that is when they start to 
own the ideas, and start to really think about them, and start to incorporate them into 
their practice, and start to think that sustainability is really important. I need to know 
more about it. And then, the ways that they incorporate sustainability are incredibly 
creative. So, for me, it needs to be a theme that we talk about at the beginning of the 
course because it is important, but then we have to keep returning to it, and it has to 
be part of the work that my students are doing across the semester  in their field 
placements.

Angelo Caglioti  It is easy to feel powerless in the face of such a global and com-
plex issue as climate change. After learning about it, students naturally wonder: 
“Okay, so what can I do?” My goal in teaching this subject is to empower students. 
They should feel that they can always make an impact regardless of their major, 
regardless of what they will be doing after college, and regardless of where they are 
situated and where they come from, precisely because this is such a global issue. 
“Think globally and act locally”, to use an expression that is very common among 
environmentalists.

Regarding the theme of sustainability, some of my own research deals with the 
crucial question of what is sustainable development. I got into this topic while work-
ing on the history of colonial meteorology in Africa. It quickly became very clear to 
me that studying only colonial science, which, of course, was political by itself, was 
insufficient. Studying only science would miss the environmental aspects of European 
imperialism and how it affected the rest of the world. Sustainability is a vital goal not 
just in the West, but also in developing countries. In fact, it is an even bigger challenge 
for them. For example, in 2019 I was in Munich, Germany, as a fellow at the Rachel 
Carson Center for Environment and Society. Munich is one of the most environmen-
tally-friendly cities I have ever lived in. It is also one of the wealthiest cities in 
Germany. In the same year, I traveled to Ethiopia for research purposes, where you 
need to always drink bottled water in order to avoid water-transmittable diseases. This 
practice produces a great amount of waste, but often environmentalism is perceived as 
a white-man’s problem. To conclude, we need to think about sustainability not just in 
our backyard here, but in a larger global perspective, especially where local socio-
economic conditions make it a more challenging target.

Jonathan Snow  In the beginning, my class was really focused on trying to bring 
sustainability ideas to students that were maybe not as familiar with ecological ques-
tions and pollinators. What I found is that they just took to it immediately. So, I kept 
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putting more and more of that into the class. Also, it is pretty cool to be in a cell biol-
ogy class where we have to go outside the first day and try to learn about some bees, 
see some bees, and then also work with actual bees before we dive into the cell and 
molecular way of thinking about biology. I think the students really enjoy that. And to 
María’s point, we try to frame the class with those ideas of pollinator health and how 
the Anthropocene is impacting that and then end up with an independent project so 
that they are able to bring it all back together at the end of the class to understand the 
big picture. The independent project lasts for two or three weeks, and the students are 
able to apply what they have learned in terms of cell biology lab techniques and ways 
of thinking to try to answer a question about pollinator health. Not only do they really 
enjoy that, but it helps them go back to the framing of the class.

In terms of going outside the class and bringing this to a broader community, I 
was a part of the Sustainable Practices Committee, and we were able to start think-
ing about how our campus is bee-friendly. One thing people can do is try to create 
environments that are friendly for other organisms, plants, invertebrates, and insects 
especially. So we tried to do that, initially just on Barnard’s campus. We worked 
with facilities and others to transform our landscaping protocol into more organic 
and sustainable practices. Then, collaborating with Terryanne Maenza-Gmelch 
(Environmental Science) and Hilary Callahan (Biology) and some others, and Angie 
Patterson at Black Rock Forest we began to think about how we might do educa-
tional outreach beyond just Barnard students to include other groups. This is sort of 
in the infancy stage right now, but I think those are different ways of trying to help 
sustainability go outside of the college classroom.

Yuval Dinoor  I think your last answer there is actually a great transition to our last 
question for you all, which is, what might be the opportunities that you’ve identified 
for using climate change and the Anthropocene to build connections between differ-
ent disciplines at the university? And what are you imagining as other opportunities 
for different disciplines to come together to do this work going forward?

Angelo Caglioti  I hope that conversations like this one will lead to more opportu-
nities for interdisciplinary collaboration. For example, I have started partnering with 
the Computer Science Department thanks to Rebecca Wright (Computer Science), 
who involved me in the Computing Fellows program. In the class titled “Climate 
and History” that I am teaching this semester, we included a visualization workshop 
about climate mapping and modeling. In it, Bryn Stecher, a student from the 
Computing Fellows program, demonstrated how scientists turn climate data into 
maps and graphs. This visualization workshop shows the importance of modeling to 
understand past climate, and especially to predict climate change in the future. It 
clarifies that climate data visualization does not just produce aesthetically pleasing 
maps. Rather, graphs and maps have an important epistemological role in how cli-
mate science is made. I was grateful for the opportunity to run this workshop this 
semester and I very much welcome other opportunities to collaborate in the future 
with other departments. Because it is possible to apply a historical approach to any 
subject, there are endless opportunities of collaboration on the history of the envi-
ronment and climate sciences.
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Jonathan Snow  When you think about pollinators, one of the things that you can 
think about ecologically is that an environment that is healthy for pollinators is also 
healthy for people. So you automatically get into aspects of climate justice, and 
where people live, and how the environment they are in is going to impact their 
health. But there are also obvious links to issues like food justice because bees are 
a huge part of the agricultural system. The agricultural system, such as it is today, is 
not necessarily providing food for everybody in the same way. So there are lots of 
opportunities to try to think about food justice as a part of social justice. Thinking 
about pollinators is a really obvious connection to that work, and that is something 
that also is happening in the Barnard community and the broader communities of 
Morningside Heights and Harlem.

Andrew Crowther  The science of climate and energy is extremely interdisciplin-
ary. It includes chemists, physicists, engineers, environmental scientists, biologists, 
and many others. It is really a huge, broad range of people. We read a paper from the 
literature each week in my elective course, so we can start to think about having 
guest lectures or guests to help guide discussions in areas that are a little bit more in 
their scientific discipline, rather than the physical chemistry topics that I am more 
familiar with. This is one way that I could imagine bringing other disciplines into 
the courses that I have taught.

María Rivera Maulucci  For me, the connections are, in a way, super easy because 
my discipline is education. There is a tremendous amount of scholarship in, for 
example, environmental education. Historically, that is where you could say sus-
tainability has its roots. So, everything from reducing, reusing, recycling of the 
1970s, moving onward, to the current time where we are now, environmental educa-
tion is certainly an easy connection to make. More recently, in science education, 
there has also been an emphasis on socio-scientific issues or the idea that there are 
issues that cross borders with other disciplines that have to do with society but also 
have strong science components. These issues do not just sit in the realm of science. 
I had the pleasure of collaborating with Jon Snow, and we wrote an article together 
about bees, looking at pollinators as a socio-scientific issue.6 Yes, they are pollina-
tors, and so they are essential to our agricultural system, but they are also an intro-
duced species. So, from an ecological perspective, the honey bees came from 
Europe. The Europeans brought the bees with them when they came here, but they 
also are out-competing many native pollinators. So how do we make sure that we 
have a vast supply of honey bees to pollinate our major crops without eliminating 
all the native pollinators? This brings in questions about industrial agriculture. Also, 
now that we have them here and we need them to pollinate our crops, how can we 
treat them better? How can we make sure that they are healthier? How can we pre-
vent things like colony collapse disorder? Some of Jon’s research looks at specific 
ways to identify the pathogens affecting the bees. If we can have a diagnostic assay 
for that, we can actually treat the bees only when we know the colony has the dis-

6 Snow and Rivera Maulucci 2017.
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ease, as opposed to prophylactically throwing antifungal or antibacterial agents into 
their colonies that we know are also toxic for the bees, and those toxins can get into 
our food supply. So, it is interesting to think about the interdisciplinarity of it. Going 
back to those pathways of sustainability that I mentioned earlier, there are just so 
many pathways to sustainability, and so there are so many pathways to interdiscipli-
narity. The connections are sort of endless for us.

Yuval Dinoor  Thank you all so much for sharing. I think it’s so inspiring to hear 
about all of the ways that you are incorporating different knowledge and different 
resources in our campus community to do this work. I can speak for myself as a 
student, thinking about how I engage with these issues and imagining all the differ-
ent possibilities that all the professors here can take on in their coursework.

23.2 � Question and Answer Session

Yuval Dinoor  Before we get further into those conversations in the breakout 
rooms, we are going to take a little bit of time to hear any questions that folks have 
that they’d like to ask in front of the entire group.

Severin Fowles (Anthropology)  Jon, I wanted to pick up on something you men-
tioned in regards to a Black Rock project that you were developing. I am really 
interested in how people are mobilizing that space in their research or teaching. Are 
there other initiatives like that that are place-based projects, perhaps in Manhattan 
itself or somewhere that we could incorporate into our classes during the academic 
year? I imagine Black Rock might be singular in some ways, but perhaps there are 
other examples of place space work in the region.

Jonathan Snow  Terryanne or Hilary might be the best people to talk about Black 
Rock specifically because it is definitely in the early phases.

Terryanne Maenza-Gmelch  (Environmental Science): First, I would like to 
remind everyone that Black Rock Forest is available for just about anything from art 
to archeology to architecture. So, if anyone wants to try and get up there, just please 
email me and I will make it happen for you. I go up for my own work, but I have 
also gone up with faculty like María Rivera Maulucci and Lisa Northrop and Jessica 
Goldstein, and Hilary Callahan, where we hike around and generate ideas and it is 
fabulous. So if anyone is interested in doing that, contact me, please. The project 
that Jon is talking about is a mentoring project between undergraduates, high school 
students, and professors trying to increase awareness about insect conservation, and 
that is very much in the infant stage. We have not really moved much on that yet 
because of pandemic reasons.
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María Rivera Maulucci  What I will say to Angelo is that the Black Rock Forest 
has this incredible land-use history that could be really interesting to incorporate 
into some of the work that you are doing on how the land use shifted over time and 
how it became a forest. But of course, there were other things happening on that 
land prior to becoming what it is today. So, it is really interesting.

Aastha Jain  We have a question in the chat for Angelo. Can we hear your thoughts 
on teaching and studying the history of discourse and research about climate?

Angelo Caglioti  Before answering this question, I would like to add a point build-
ing on María’s intervention. Many economic historians turned to environmental 
history because they started raising interesting questions about land, property rights, 
and how they were used. However, environmental history shifted the focus of their 
analysis. Environmental historians examine not just human beings and their eco-
nomic activities, but also – for example – the history of the forest, of the animals 
living in it, or of the species of plants that make up a forest. Environmental history 
is centered on the relationship between society and nature as it developed over time, 
including species other than just humans.

Regarding your question about the study of the history of discourse and research 
on climate, some of the key questions I would ask are: Which concepts were used in 
the past to describe the climate? How did they develop? Studying the history of 
research and discourse about climate requires examining how the climate was 
described in the past. I like to tell my students, especially those that do come from 
the environmental sciences, that before the 1800s they would have been called “nat-
ural historians”, because natural history was the discipline describing the history of 
the earth, the history of nature. This point, I believe, creates a stronger common 
ground between what scientists and humanists do. It emphasizes the analogies 
rather than the differences between the “two cultures.” The development of meteo-
rology and climate science is hard to pigeonhole in the history of a single scientific 
discipline. It seems very recent, but it actually belonged to the broader scientific 
inquiries of natural history for many centuries.

Aastha Jain  We have another question in the chat from Sandra, who is curious 
about what types of interdisciplinary courses the panelists teach or would like to 
teach and what other disciplines would you envision co-building a course with, and 
the benefits or disadvantages of a co-taught course in your opinions?

María Rivera Maulucci  I have a background in forestry, my master’s degree is in 
forest science. So, I would love to teach a class that goes to the forest, and we can 
do science methods there and really get into sustainability and work with my friends 
Terryanne and Hilary, and other folks that do work in the forest. To me, that would 
be a wonderful class.  Of course, there are the issues of getting there, getting our 
students there. And then, I think challenges around interdisciplinary courses come 
when we talk about, how do you get credit for a course? So, does a team-taught 
course count as one? Or does it count as half? How do we count it? Because I think 
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team-taught courses, actually, in a lot of ways require more work. It requires a col-
laborative piece. There are more conversations happening around what we are doing 
and why we are doing it and how we are doing it.

Hilary S. Callahan  (Biology): I just want to ask a question about the urban topic, 
which none of you really brought up. The Anthropocene has a specific meaning and 
we are talking about it in terms of its climate impact, which is its global impact, for 
example, thinking about it in terms of ocean sediments, which is a globalized phe-
nomenon. But another thing that is happening globally in a multiplicity of specific 
locations is the transition to an urban world. So we have to acknowledge the fact that 
more than half of the human population is now living in cities and the importance of 
cities. One of the topics that now we are dwelling on and that I do want to encourage 
is taking advantage of Black Rock Forest and taking advantage of some reasonable 
level of well-thought-out travel where the impact of the travel in terms of its carbon 
footprint is weighed against the benefit for learning and for research and new knowl-
edge. I think there is this tendency to sometimes overlook, in thinking about the 
Anthropocene, that we have all these cities, but that does not mean that there is no 
more nature in the cities. The cities are just as much part of the solution as they are 
part of the problem that we are encountering in the Anthropocene. So, I am just 
wondering if anybody would like to comment about the urban context of our cam-
pus and how the concept of cities might enter into what you’re teaching.

Jonathan Snow  I think that what you are talking about definitely impacts things 
like food justice, where people in urban settings have vastly different access to 
nutritious food than people in other settings. I was lucky enough to have a colony of 
bees with Harlem Grown, which is an organization that tries to produce food locally 
and also educate people about growing their own food. That was a really fun col-
laboration. I think those kinds of collaborations can just as easily be done here as 
somewhere in a suburban or rural context.

Aastha Jain  Amazing. For the sake of time, I want to thank all our panelists so 
much for all of their insights.
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Chapter 24
Panel Three: Environmental Justice, 
March 26, 2021

Elizabeth M. Cook, Manu Karuka, Angela M. Simms, Joscelyn Jurich, 
Yuval Dinoor, and Rachel Elkis

24.1 � Panel Discussion

Yuval Dinoor (She/Her)  I am co-moderating this session with Rachel, who will 
introduce herself shortly. Before we get started, I would like to take a moment to 
offer a land acknowledgment that we here at the CEP put together… (See Rosales 
Introduction). Thank you for listening. I will pass it to Rachel to begin our panel 
conversation.

Rachel Elkis  Thank you. As Yuval mentioned, I am Rachel. I am a junior at 
Barnard studying Economics, and I am the former SGA representative for sustain-
ability. I am excited to be here. I would love to get started by having our faculty 
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panelists introduce themselves with name, pronouns, department, courses you are 
teaching, and your role within and outside the Barnard community.

Elizabeth Cook  Hi everyone, I can start us off. I am Elizabeth Cook. I use she/her 
pronouns, and I am an Assistant Professor in the Environmental Science depart-
ment. I teach a couple of classes right now, including our senior seminar, in which 
several students are researching environmental justice and injustices in their senior 
theses. I also teach an Environmental Data Analysis class where environmental jus-
tice is incorporated into case studies of data analyses using New York City-related 
data. Finally, I teach Urban Ecosystems, which is in the Environmental Science 
department, but it is an interdisciplinary course, and we discuss environmental jus-
tice topics in that as well. I am relatively new to Barnard. Last year was my first 
year, and I was only on campus for a short time before we were swept away by 
Covid, so I am still figuring out my role, but I am really happy to be here.

Manu Karuka  I am Manu Karuka. I use he/him pronouns. I am an Assistant 
Professor in American Studies, and none of my courses have an explicit  focus on 
environmental justice. But my courses do focus on imperialism, racism, and colonial-
ism. That is the entry point in ways that strongly resonate with the powerful land 
acknowledgment that Yuval read. When we think about these themes, it impels us to 
think about environmental justice. It comes into the conversation in a first-year semi-
nar called Liberation. I am teaching an Introduction to American Studies course where 
environmental justice comes into the conversation as well. In addition to these broader 
overarching themes of imperialism, racism, and colonialism, I think environmental 
justice is also a way to think about place and our relationships and responsibilities 
to place.

I have learned a great deal in our preparations for this conversation, just thinking 
across our divisions in the college. One of the things I have learned is how all of us 
have thought about Harlem, Barnard’s location in Harlem, and how Harlem con-
nects to our disciplines, and with our teaching and research approaches. We found 
that we even discuss some of the same campaigns in our courses. For example, WE 
ACT for Environmental Justice,1 a community organization based in Harlem, comes 
up in our courses in different ways, so that has been exciting and enriching for me 
to have that conversation with my colleagues on this panel. In terms of my role, I 
have been helping my colleagues to build the department of American Studies and 
I feel very committed to helping to build the Critical Consortium for Interdisciplinary 
Studies, which I think is a really unique formation at Barnard. It brings together 
American Studies, Africana Studies, and Women’s, Gender and Sexuality Studies. 
This is a group of scholars and teachers for whom questions of environmental 
justice are really at the center of how our conversations have been shaped in the past 
and are shaping our visions for the future.

1 WE ACT for Environmental Justice (2021).https://www.weact.org/
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Angela Simms  Thank you, Manu, for setting me up so well. My courses dovetail 
well with his. But first, my name is Angie Simms. For Elizabeth and me, this is our 
second year, so I had a whopping nine months in Harlem and I am now working 
remotely from Maryland. I use she/her pronouns. I teach two lectures: Race, 
Ethnicity & Society and Metropolitics of Race and Place, and two seminars: 
Suburbs, Racism, and the United States Opportunity Structure and Advanced Topics 
in Race. In these courses, we think about the socio-historical context of the develop-
ment of race and racism and examine the interactions between capitalism and rac-
ism. One of the big takeaways of my classes is that racism comes from the needs of 
capitalists. We also investigate how racism shapes metropolitan space, including 
relationships within and between cities and suburbs, centering historical and social 
processes in regions. Environmental justice is one of many aspects of unjust power 
dynamics we cover. Social connections between people and their resource 
exchanges, particularly in the Global North, are not sustainable because they dis-
tribute benefits and burdens unevenly among people and diminish the Earth’s capac-
ity to maintain equilibrium  – this leads to social and natural catastrophes. My 
courses equip students with language for understanding environmental justice con-
cerns as embedded in power structures across levels and types of social organiza-
tion. We also address cumulative effects over time. Additionally, I am working on 
the exhibit “Undesign the Redline,” which highlights how racialized capitalism has 
led to different kinds of investment and divestment in Black, Latinx, and White 
neighborhoods in New York, resulting in the racial inequities we see today.

Outside of Barnard, I am a member of Renaissance Church. I have been there for 
about a year. As a Christian, I think about the earth in terms of stewarding what we 
have been bequeathed by the Lord. When Genesis says, we have “dominion” over 
the Earth, that indicates we have responsibility for the planet’s wellbeing. It’s not an 
invitation to manipulate the Earth’s resources purely for our short-term gain. In 
addition, I have been doing a series of anti-racism workshops with churches and 
civic groups about what racism is and how it’s connected to unjust social relation-
ships. I want all people, whether academics, Christians or otherwise, to be socio-
historically grounded and participate skillfully in shaping society in ways increasing 
humans,’ other creatures,’ and our natural environments’ capacity to flourish.

Yuval Dinoor  Thank you all for introducing yourselves. I am so excited to hear the 
rest of this conversation. To get started, I am really curious to hear how your integra-
tion of environmental justice in your coursework or in your external work as well, 
has evolved over time. Manu’s What is American Studies course is the first place I 
learned about environmental racism back in 2018, which is part of what got me so 
excited to commit to the American Studies major. I am curious how, as current 
events and different world transformations have progressed over the past few years, 
you may have changed how you speak about environmental justice in your 
classrooms.

Elizabeth Cook  I will start by putting myself out there a little bit and being honest. 
When I started teaching the Urban Ecosystems class, which I have taught now for 
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several years, including at other institutions, at first, I only dedicated a tiny portion 
of one class, one individual class, to environmental justice. Even though it is some-
thing that I care about and have been considering in my work and research for a long 
time, I thought other urban ecologists didn’t value it very much as a critical part of 
the field, and I think, to some extent, that might have been true. But now, I dedicate 
much more class time to discussing environmental justice, so that is one obvious 
evolution.

The field of and scholarship on environmental justice has also evolved. Early 
work on the environmental and ecological framework of environmental justice was 
very much done in terms of distributional justice. Distributional justice frameworks 
ask which communities are impacted disproportionately by either environmental 
disamenities or hazards. For example, which communities are more impacted by 
higher heavy metal concentrations in different locations? Or which communities 
have greater access to particular amenities like green space and parks? Early on, 
when I was teaching about environmental justice, we discussed the distributional 
aspect of environmental justice, largely dominated by analyses focusing on classism 
and wealth. That framing has evolved quite a bit in the last several years in the ecol-
ogy field, and I know it has already evolved quite a bit in other fields. In terms of 
ecology, recently, there has been much more discussion around the role of structural 
racism in driving those differences and taking a procedural justice framing. With 
this framing, we ask, what are the drivers of those inequitable distributions of ame-
nities and disamenities in different communities? I try to bring both of these per-
spectives and framings into my work now.

One other point is that early environmental justice work from an ecology per-
spective focused on topics such as access to green space and distribution of toxins 
or heavy metals. Now, the ecology work on environmental justice is not just focus-
ing on green space and species richness in different communities but also consider-
ing how environmental injustices can drive evolutionary trends in cities differently. 
For example, the size of the green space can impact how species interact, which 
may lead to different trends and evolutionary patterns.2 So there is really cool schol-
arship happening on these topics, and I think that is a huge advancement for the 
urban ecological community as well.

Manu Karuka  I will jump in next. Thanks, and Yuval, thanks for sharing that 
about the intro classes; that makes me really happy to hear. One of the ways that I 
teach this and other topics is through dialogue with students. It is something I have 
taught on a number of campuses, and there is something I have felt that is distinct 
about teaching at Barnard, the dialogical relationship between instructor and stu-
dents even with a big class like, “What is American Studies?” When I first started 
teaching at Barnard, it was during the first wave of Black Lives Matter. Students 
wanted to start class by giving reports to each other. I was teaching a class called the 
“Profits of Race,” about the political economy of racism, and the uprising in 

2 Schell et al. 2020, Des Roches et al. 2021.
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Baltimore was happening. In that context, activists and scholars were pointing out 
that Freddie Gray was killed by the Baltimore police, but he had been a victim of 
lead poisoning as an infant. Activists and intellectuals were asking questions about 
the slow death that someone like Freddie Gray had been subjected to, even before 
that horrific violence that he suffered in the back of a police van. When the #NoDAPL 
camps at Standing Rock were happening, every day at the beginning of class, stu-
dents wanted to spend about 10 minutes sharing the news from the day before, and 
so there was an immediacy to these questions. It is harder for me right now on Zoom 
to get a sense of what the immediacy is. Of course, we have the pandemic and the 
lockdown. It is staring us in the face, but it is harder to have that space where we 
begin sharing information, which gives me a sense of seeing where students are get-
ting information, and what questions they are asking of the information they are 
getting. Last week, I was talking about the news about Pfizer, that they have been 
negotiating with the government of Argentina and demanding collateral on infra-
structure and national debt to purchase vaccines. There are countries around the 
world that have been asked to put their roads and bridges up as collateral to buy 
vaccines. It is harder for me to gauge, but I think part of it is really trying to under-
stand what is happening right now and what the students are thinking about and 
asking them how to respond. What are the collective questions that are arising for us?

Angela Simms  I will take a step back to discuss what motivates my coursework 
and my research. Before Barnard, I had a mini-career in public policy. I was a leg-
islative analyst at the U.S. Office of Management and Budget during the George 
W. Bush and Barack Obama Administrations. My scholarship is at the intersection 
of race and class and thinking about the policy implications for reducing social 
inequities. Specifically, I study political economy through the lens of the Black 
middle class. The Black middle class is a window into understanding how class and 
race interact because we see a group with class resources still facing legacy and 
contemporary headwinds from racist policies and market practices. One of the 
points I highlight for students is the importance of shared authority between levels 
of government. I tell them their new favorite “f word” is federalism. Federal, state, 
and local government action are at the heart of the geography of opportunity. There 
are nestings, clusters, of public and private authority and resources that elite Whites 
are disproportionately able to leverage to pursue their interests at others’ expense. 
One of the historical events I highlight regarding non-Whites resisting White domi-
nance in terms of access to habitable neighborhoods is the 1991 National People of 
Color Environmental Leadership Summit. Here we see Indigenous, Black, and 
Latinx folk coming together to discuss the common burdens they bear and how to 
pursue policies and other social processes that correct harms and envision a future 
where people and the natural environment are whole.

My course material has evolved over the past two years at Barnard. Ruth Wilson 
Gilmore’s new book (2022), Changing Everything is on my reading list. My sylla-
bus includes, among others, works by Bob Bullard, a professor at Texas Southern. 
He’s the self-styled “father of environmental justice” and has written several books 
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about what environmental justice entails.3 I invite students to think about the options 
racial groups have for creating life-sustaining spaces in a context where they have 
differential amounts of political and economic power. When was the EPA estab-
lished? In the wake of the Modern Women’s Rights Movement. While People of 
Color have been petitioning for environmental justice for decades, it was not until 
White women took on the issue that significant political change occurred. Even 
then, it was focused on issues that affected them and their families. Also important 
is how incremental wins can lead to major breakthroughs. In 1994, the Clinton 
Administration established an environmental justice office at the EPA. While it did 
not correct past harms, it was charged with equitable distribution of negative ameni-
ties, such as trash dumps. Thus, the justice movements of People of Color and 
Women led to a shift in policy focus.

I also use Daniel Faber’s chapter in Environmental Justice and Environmentalism: 
The Social Justice Challenge to the Environmental Movement   (2007), called “A 
More Productive Environmental Justice Politics.” He offers three great principles 
for thinking through what sound environmental stewardship looks like. The first is 
“the precautionary principle” of risk assessment. The onus is on the potential pol-
luter to demonstrate to us that their product is not harmful. If we have a history of 
pollution, and we have a history of certain people bearing the weight of that, then 
why is it that people have to sue after they realize they have been poisoned? Second 
is the “substitution principle,” replacing toxic chemicals with non-toxic alternatives. 
Finally, there is the “clean production principle,” which means our default is to work 
in concert with the Earth’s processes to achieve economic goals and improve quality 
of life. Again, we see the theme of stewardship, as opposed to commodification at 
any cost. Faber’s principles are not anti-capitalist per se, but they do challenge capi-
talist forms to work in concert with values we believe lead to thriving people and a 
healthy planet.

In doing my fieldwork in Prince George’s County, Maryland, I became familiar 
with the School of Public Health at the University of Maryland. Sacoby Wilson 
directs the Community Engagement, Environmental Justice, and Health (CEEJH) 
Laboratory.4 This project integrates the public in tracking pollution and devising 
remedies to reduce negative fallout. Wilson and his team equip people to be citizen 
scientists who gather data and deploy that data to engage decision-makers. CEEHJ 
models how different stakeholders can work together – from health professionals to 
teachers and students, advocacy groups, and policymakers.

Of course, the horizon on environmental justice and climate change issues is 
always moving out ahead of us. Therefore, I hope I empower students with transfer-
able skills and a core vocabulary for thinking critically about how to intervene in 
natural processes to sustain a high quality of life while also achieving equity across 
social groups and a planet capable of renewing itself over the long run. Still, this set 
of topics often leaves students discouraged. “How are we going to fix things?” they 

3 i.e., Bullard 1994.
4 University of Maryland 2021a, b.
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ask. I tell them: “You’re standing on the shoulders of giants.” People have been 
resisting oppression since people have existed. Now you have the baton, and you 
can learn lessons from your elders, empowering you to be more effective. This is a 
life-long commitment. Engage strategically with your time, talent, and material 
resources. Press forward alongside like-minded others in organizations. My courses 
involve real talk about what is happening, alongside skill and knowledge building 
for being effective as we negotiate with each other about our future.

Rachel Elkis  That just led us perfectly into our next question: how we can extend 
discussions about current events outside of the classroom through our work and how 
do you encourage your students to do so.

Elizabeth Cook  I can speak about that and build on what Angie just said. My 
research uses participatory methods to engage communities and different stakehold-
ers in thinking about the future. Through participatory engagement processes, such 
as the development of positive future visions, we explore innovative solutions to 
address some of the challenges that we are facing, particularly extreme weather-
related events. This work lends itself to thinking about climate justice and the 
impacts of climate change on communities. When we talk to communities about the 
changing climate and the future, they are often thinking about these topics in addi-
tion to meeting their basic needs, which tends to go hand-in-hand with considering 
environmental justice and climate justice. So, as we develop scenarios or visions for 
the future, equity and addressing environmental justice is really front and center, 
whether it is in conversations with community members who are living in Harlem 
or whether it is with decision-makers in the Mayor’s Office of Climate Resiliency in 
New York City. Through these conversations outside of the classroom and this fram-
ing of the future, I try to engage students, in the same way, to ensure that they are 
thinking about how the topics apply to their own lives, in their own communities 
where they live. For example, in the Urban Ecosystems class, the students engage in 
a visioning exercise to imagine a positive, equitable future for New York City in 
2080. It is a creative and important exercise to discuss how we address environmen-
tal justice, and it is easy to do because most of the students are living in New York 
City, and it feels directly applicable.

Manu Karuka  I also try to address some of these questions in my assignments. 
The Intro to American Studies class that I am teaching right now is organized around 
Dr. King’s speech, “A Time to Break Silence,” which he gave at Riverside Memorial 
Church. He spoke out against the Vietnam War, and in that speech, he spoke about 
the giant triplets of racism, militarism, and extreme materialism. So the class is 
organized into three sections: racism, war, and poverty. There are three assignments, 
and the first essay, which students are writing now, is, “What will I do to fight rac-
ism?” They have definitions of racism that I have given them and some material that 
I want them to have, and there is a range of ways students respond to it. Some take 
it as an academic exercise, and some students take this very personally. I encourage 
them to do so. I tell them that their graders and I are just there to encourage them 
through the process. Some write it as a letter to themselves, something that will 
hopefully be meaningful to them later on. For those students who take this really 
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personally, it is a very, very difficult assignment to do. And it becomes a way for 
them to think about what skills they are developing at Barnard: “What is my major? 
What am I learning in this major? Where am I from? What have I learned and how 
am I assessing racism in this society, and how can I contribute to fighting it in really 
concrete ways?” Not all of the students, but many of them, bring in questions of 
environmental justice. The second paper is about what I will do to fight racism and 
war. So they are accumulating their analysis and thinking.

My hope is, by the end of the semester, in a purely personal way, they have given 
themselves a sense of what they can actually do. I think a lot of students wrestle 
with this question, and then, when they think about it, they think about the resources 
they have at their disposal. They start to see, “Oh, actually, I could do this; there are 
specific things that I can do.” They think about participating in collective struggles. 
It has been a productive space and a moving space to see students work through. 
When they are in person, I have them do collaborative research projects. Small 
groups of students are assigned to a state, and they research poverty in a particular 
state and specific modes of poverty, like hunger and education. One of the modes of 
poverty that they are looking at is environmental justice, broadly speaking, which is 
one of the ways that we can see premature death, as Ruth Wilson Gilmore talks 
about in her definition of racism. That is new research about actual poverty in these 
different parts of the United States.

Angela Simms  Well, I was taking notes on what Manu and Elizabeth discussed 
because I need to think more concretely about how to expand my assignments. I 
encourage students to engage in the material and apply it in their own lives. We 
talked about my favorite “F word,” federalism, but in thinking about policy, one of 
the trends regarding the post-Modern Civil Rights Movement backlash is the issue of 
disparate impact. The 2001 U.S. Supreme Court case Alexander v. Sandoval5 estab-
lished the principle that disparate impact does not in itself indicate racism. So if a 
policy is not explicitly racially-biased, meaning that it is not targeting racial groups, 
the policy is not unconstitutional. Elizabeth brought up different types of justice. 
Procedural justice is what we often focus on, due process of the law. Due process is 
important, but it’s not sufficient. The full meaning of justice involves reckoning with 
power as historically and presently wielded and how resources flow to individuals 
and groups, and locations. We must account for the sedimentation of history and the 
roles of government and market institutions in it – and thus how they’re situated for 
helping to create a more equitable society. Whose interests matter to these institu-
tions? Who has the time, money, energy, and skill to navigate and reform them?

In my courses, we also think about intersectional social statuses. What is your 
race, your class, your gender? One of the things I encourage students to do is to 
understand their social statuses. For many of my students who are White and who 
come from privileged backgrounds, there is a sort of eye-opening moment of recog-
nition about what has been happening in their communities. For my students who 

5 Legal Law Institute 2001.
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have come from backgrounds where they have not had those same resources, say 
those from the Bronx, they feel validated: “Now I understand why a freeway cuts 
through our neighborhood and why asthma rates are higher here than in the Upper 
West Side.” One of the exercises students do is write an op-ed. It is an opportunity 
to take a stand on a policy. This assignment dovetails fairly well with what Manu 
described. It’s not a letter to yourself, but it does ask students to think about what 
they value and the specific kinds of social change they seek. Another thing I tell 
students who are White is that there are spaces you are going to be in that I am not 
and things people will say around you that they will not say around a Black woman. 
You have a unique opportunity to champion justice when this happens.

All of us have to own our spheres of influence. I mentioned, for example, that I’m 
a Christian. So when I talk about environmental justice and racism, I use the language 
of theology when I’m with other believers. We’re all made in the image of God. If we 
are all image-bearers of God, we all ought to have human dignity, and our social sys-
tems should reflect that. If some people are treated like trash and other people like 
humans, that’s a profound problem. You are calling God a liar. Certainly, these are 
uncomfortable conversations, really sitting with the emotional, intellectual, and spiri-
tual weight of this. But the discomfort is unevenly distributed. I, as a Black woman, 
have to stand up, again and again, to assert that I am as fully human as everyone else. 
It’s exhausting and demonstrates how deeply distorted our social systems are.

The convergence of climate change and environmental justice is critical for racial 
justice. For too long, they have been separate movements. We know that the burdens 
of climate change are likely to be borne by people of color and poor people because 
of the history of capitalism. The people who have benefited the least from these 
capitalist practices, the people whose bodies have absorbed the negative externali-
ties, are experiencing the effects disproportionately. So we need to think about how 
we can have a system that really honors these disparate distributions.

Yuval Dinoor  Thank you so much for that. I think that, on that same note of what 
kind of language and argument engages these conversations in different spaces, I am 
curious how all of you are seeing environmental justice as an opportunity to come 
into contact with other disciplines and do cross-departmental work or make these 
connections across the university that you might not get to really act upon in other 
kinds of work. What do you imagine those collaborations to be?

Elizabeth Cook  I can start us off. Angie, Manu, and I already have fun ideas about 
how we can integrate our work and think about next steps. So it is already happen-
ing, and thank you for bringing us together to do that. In terms of urban ecology, the 
field of urban ecology in and of itself is interdisciplinary. So already, there is a lot of 
cross-talk and integration with social sciences and certainly with planning, urban 
studies, and architecture, and I feel very grateful to be working with and learning 
from people who are experts in those disciplines. From an urban ecological perspec-
tive, many sub-disciplines are important in understanding the ecological interac-
tions happening within a city. For example, community ecologists are examining 
how species distributions are different among different neighborhoods, and the 
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environmental justice implications, or, for example, some ecologists study the eco-
system services or the benefits that people get from the environment in those differ-
ent communities where ecological disparities may exist. As I mentioned at the 
beginning, there is more recent work by evolutionary biologists and ecologists in 
cities thinking about how structural racism has driven evolutionary processes in dif-
ferent parts of cities, impacting communities differently – including the benefits that 
people might get from the environment in their community. So I appreciate that 
question, and my answer is that urban ecology is already a very interdisciplinary 
field. I think by bringing in the environmental justice focus, there is room for addi-
tional collaborations with other departments and disciplines on campus.

Manu Karuka  I want to echo that I appreciate the question, and I think part of the 
excitement for me just being part of this conversation was to think across our divi-
sions. So when the three of us met before the panel, I talked about teaching Silent 
Spring in the first-year seminar class. We had an interesting conversation about that 
because it is an old text. It is not current in terms of research, yet it spoke to the stu-
dents. For me, there is a question about how we read across our literatures in a deep 
sense – I like to teach texts that I think are foundational – but then, how can we col-
laborate to build a sense of literacy about the cutting-edge directions various disci-
plines are taking. I think environmental justice is an opening, potentially, to think 
across our divisions. So, for example, water is becoming increasingly important in 
my classes in the last few years. There are approaches to thinking about water that 
are firmly rooted in Black Studies, Indigenous Studies, and new work in those fields, 
and also in Latin American Studies. I am thinking about struggles, for example, in 
Bolivia. It becomes a way to think across geographies, but I do not yet feel literate 
enough to say what the cutting-edge analysis of water in conversations in Biology is, 
for example. One of the concrete takeaways the three of us had from our earlier con-
versation was thinking about doing collaborative or guest lectureships in each other’s 
classes, which I think is an exciting way to go forward. I have an Intro to American 
Studies course and I can bring in someone from a division that seems very far 
removed in terms of the teaching and the methods to talk to an American Studies 
course about water. Maybe it could be a mini-lecture, maybe not for the whole class, 
but I think there are opportunities for us to collaborate as teachers and build those 
relationships with each other, as colleagues. And I think environmental justice seems 
like a vibrant site to imagine those conversations across our academic divisions.

Angela Simms  Certainly, the lecture swaps intrigue me! Sometimes the best inter-
disciplinary work is really about grounding yourself in your field and then recogniz-
ing your limits – and from there seeking growth by partnering with an expert in 
another subject, not trying to master another field of research. Pairing with an expert 
in another discipline means you have a mentor to guide you through the literature. 
One of my growth edges is knowledge in the biological sciences regarding carbon 
dioxide and how it affects our planet. Elizabeth and I have talked about microcli-
mates within New York City, but I do not consider myself an expert on microcli-
mates. This is potentially an area where I could partner with Elizabeth, so I can ask 
more “literate questions,” to use Manu’s phrase. Elizabeth could share her expertise 
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in my class, and I could offer to her class a deeper dive into the socio-historical 
context of racism and how environmental justice is situated within it.

We need to think about professors’ and students’ growth edges and how to pivot 
out strategically, respecting where we’re based while discerning where we are 
headed next. For instance, many students in my classes are pre-med. Thus, I make 
sure we talk about environmental justice and climate change in relation to public 
health, not just the social determinants of health. How are racial groups living in 
fundamentally different social worlds? Lead contamination is much more likely in 
Black neighborhoods, relative to White communities. Why is that? In Flint, it took 
pediatrician Hanna-Attisha’s sound of the alarm as she noticed a pattern in Black 
children’s health outcomes.6 I am excited to hear what others are thinking about and 
how we might collaborate. Let’s start with the low-hanging fruit – the course mate-
rial we’ve already prepared and how to share it more broadly across campus.

Rachel Elkis  This is fantastic! I am very eager to see how these collaborations 
come to fruition. Environmental justice is such a unique topic to be able to do that. 
So that is extremely exciting, and we would love to open up to questions from the 
audience. If you would like to raise your hand, you can unmute and then just say a 
question or put it in the chat and we will get started.

Yuval Dinoor  One from Leslie.

Leslie Raucher (Assistant Director of Sustainability)  Thank you all so much! 
This was really great. One of the questions that I have, I do not know if anyone is 
prepared to answer, but eco-anxiety and environmental and ecological grief are 
starting to get talked about. We are beginning to hear about this from students, and 
it was touched upon a little bit with the hopelessness and what to do next. I was 
wondering if you are taking a conscious approach to thinking about this or dealing 
with it, and what we could do to help provide resources if it is something you are 
noticing. I am hearing about it from students, but I do not experience it in the class-
room, so I was just hoping to get a little bit more of your perspectives.

Manu Karuka  I can jump in. My mind immediately goes to some of the lessons I 
have learned from Indigenous Studies. I learned that there are climate scientists 
researching carbon dioxide levels in the Earth’s atmosphere who found that in the 
decades after Europeans started coming to the Americas, there was a change in the 
atmosphere itself. Some interpret this as reflecting the rapid drop of the human 
population on the planet because of the earliest phases of European colonization in 
the Americas. It is devastating to think about that, to understand that this violence 
was registered on the planet’s atmosphere. But this is something that Indigenous 
communities and Indigenous philosophies have been thinking through for a long 
time, which is: how do you survive catastrophe? So it is something that is being 
voiced in different ways in different Indigenous movements around the world. The 

6 Hanna-Attischa (2019).
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apocalypse already happened centuries ago, and part of what it is to be Indigenous 
now, Indigenous presence today, is living after the apocalypse. So there are many 
lessons I think that Indigenous philosophies are trying to propose, not just to 
Indigenous peoples, but to humanity. That is one entry point for all of us who are 
non-native is to begin thinking, “Okay, what are the lessons that we can commit 
ourselves to studying. This whole area of thought that goes back 500 years, and 
what can we learn from that to think about the choices we are making now?”

Angela Simms  It is a provocative question, and I appreciate you asking us to think 
it through. In my course, I support students in developing their capacity to push past 
anxieties arising from confronting that America’s history is not one of linear prog-
ress and society is not a meritocracy. I tell my students that there is no app to cure 
racism. There is no hack for poverty. These are fundamental relationships. As Manu 
shared, there’s a reservoir of wisdom we can tap into. For Black people, their ances-
tors have already survived the Middle Passage. Indigenous people have survived 
genocide. These groups have had to define their humanity outside of a White gaze 
to survive, live lives of meaning, and have hope up to this point. So while there is 
trauma, there is resilience and a language for processing devastating experiences 
and imagining new futures.

To move forward, we must honor that violence underpins the political, economic, 
and other social relationships we have. Manu just centered violence too. None of 
what he described could occur without fierce use of force. Whether implicit or 
explicit, people are experiencing slow death through violence. Toni Morrison, and 
other people in my wisdom tradition, have already been contemplating what it 
means to move beyond horrific experiences. Resmaa Menakem in My Grandmother’s 
Hands: Racialized Trauma and the Pathway to Mending Our Hearts and Bodies 
(2017)  discusses how flight, fight, freeze, and annihilate responses override the 
sophisticated thinking of the prefrontal cortex and thus influence our social relation-
ships more than we expect. We feel threatened by conversations that cut to the core 
of our identities and worldviews, and we react to this threat the way we would if we 
were to encounter a wolf in the wild. Emotional and spiritual processing is critical. 
As a Christian, prayer – reaching for a higher wisdom and power than myself, that 
of the Creator and sustainer of the world – is crucial. People of Color have many 
communal processes, from churches to dance halls, for managing social distress. 
Circling back to My Grandmother’s Hands, Menakem said that his book’s name 
comes from noticing the calluses on his grandmother’s hands. His grandmother 
picked cotton starting at age six. She combed through tiny, razor-sharp seeds, and 
her hands were left bloody and raw. Eventually, the skin responded by developing 
calluses to protect her.

Let us honor those traditions that reflect the social calluses we have. Yet let us 
also move through the pain to get to the other side. As people in positions of power 
at Barnard, we are responsible for amplifying the voices of people who do not hold 
our platforms. I hold class privilege and have access to an institution that many of 
my brothers and sisters do not, even as a Black woman experiencing my own forms 
of discrimination.
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Yuval Dinoor  Thank you so much for sharing. I am so sad that we have to wrap 
up the panel portion of the event, but I know that these will be amazing spring-
boards for conversations in the breakout rooms. So another huge thank you to all 
of our wonderful panelists for everything you shared with us today. Thank you 
all for having Rachel and me here with you for this conversation. It was an honor. 
Thank you.
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Panel Four: Design Decarbonization, 
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Kadambari Baxi, Sandra Goldmark, Martin Stute, Joscelyn Jurich, 
Linda Chen, and Olivia Wang

25.1 � Panel Discussion

Linda Chen  Hi everyone, welcome to today’s session. Before we get started, I 
would like to read a brief land acknowledgment. (See Rosales Introduction).

Olivia Wang  And now we will do introductions of the faculty panelists: please 
share your department teaching and research scholarship and your role in the 
Barnard community.

Kadambari Baxi  Hi, everyone, and thank you to the CEP for organizing this 
panel. I am Kadambari Baxi, she/her. I am a Professor of Practice in Architecture, 
and I teach design studios at the introductory and senior levels. Occasionally, I also 
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teach seminars on special topics, such as Environmental Visualizations. My practice 
centers on design research projects that circulate as exhibitions in art, design, and 
architecture forums. I will mention one project briefly, as it may link to this panel’s 
theme. This is a work in progress, a spatial film montage that uses two sites: the 
United Nations headquarters in New York and the Supreme Court in Washington 
DC. The film excerpts climate actions at UN COP Conferences over the last ten 
years in ten different cities worldwide. This montage is paired with another one, 
where I use the live court footage of a recent youth climate case in the US: “Juliana 
v USA,”1 projected on the Supreme Court plaza. The film juxtaposes two different 
kinds of climate actions: activists’ disruptions at international climate negotiations 
and climate litigation demanding the constitutional rights of future generations.

Sandra Goldmark  My name is Sandra Goldmark, and I teach in the Theatre 
department. I am a designer by training, and a lot of my work over the past years has 
been a transition from designing shows to looking at the theatre industry and the 
performing arts at the organizational or institutional levels, and to begin thinking 
about how we can incorporate climate impacts, climate responses, and climate jus-
tice into our practice as theatre artists. Everything from our design practices, to our 
budgeting processes, to how we can integrate and understand the overlap between 
questions of climate change and social justice, which are very much alive, of course, 
in the American theatre. That is my teaching and research thread in terms of my role 
in the community. I am also the Director of Sustainability for the campus, which 
means that I have been helping to move our campus forward in how we think about 
climate change across academics, operations, campus culture, the student experi-
ence—all of these different facets of our campus and our campus life. How can we 
think about this question of climate change in all that we do and all the decisions 
that we make? I hope today’s conversation will connect to these themes.

Martin Stute  Martin Stute is my name. I am a Professor in the Environmental 
Science Department at Barnard. I am also a faculty member in the Department of 
Earth & Environmental Sciences at Columbia and in the Lenfest Center for 
Sustainable Energy that is working on batteries, carbon sequestration, and various 
other energy-related things. My teaching is mostly focused currently on the senior 
seminar, which is a joint Columbia/Barnard course where students work on their 
research and write a senior thesis. Every year, we have a lot of students, but maybe 
half or so of the students have a project that is related in some way or another to 
climate change. We actually have a carbon sequestration project at the moment. I 
also teach classes in Hydrology and the Workshops in Sustainable Development, 
which maybe I can come back to later. More interesting perhaps is the research that 
I am doing because it is very closely related to the topic today. I guess my expertise 
is in water on land, mostly. I actually have studied water on all continents of the 
planet, and one of my main contributions to science has been to reconstruct past 
climate conditions, using groundwater as an archive of past climate conditions—

1 https://harvardlawreview.org/2021/03/juliana-v-united-states/
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how cold or warm it was in the past, how wet or dry it was in the past. For decades, 
I have been working on this topic.

More recently, I have been moving to more applied topics that also relate to 
water, including hydraulic fracturing and its health effects—except it is very hard to 
raise money for it, so I have not been able to do as much as I wanted to, and then 
finally carbon mineralization, which is basically trying to find a safe way to store 
CO2 collected at sources or from the air directly in the subsurface. I was very much 
involved for eight years in this study in Iceland, where CO2 is taken from a geother-
mal power plant and then injected into the ground. We mineralized the CO2, so it’s 
stored, not as CO2 but as carbonites in the subsurface. It was surprisingly successful, 
and it was the first application of this approach in a field site.

Linda Chen  Thank you so much for the brief introduction and moving on to our 
first question, What is decarbonization and why is it so urgent, and what exactly 
does the phrase “design decarbonization” mean?

Martin Stute  The panel has been thinking about those questions, and we felt that 
it might be a good idea to explain what decarbonization is as a starting point. We 
have prepared a few slides. In Fig. 25.1, I am showing you a graph of temperature 
and carbon dioxide (CO2) concentration from an ice core in Antarctica covering the 
past 350,000 years. Temperature is reconstructed from the isotopic composition of 
the ice, and the CO2 is actually measured in small air bubbles that form in the ice 
when it comes to the surface—so it is a measure of atmospheric CO2 concentrations. 
For about the last 350,000 years, you can see how uniform the correlation between 
them has been. So CO2 and temperature are very closely related, although the rela-
tionship is somewhat complicated.

Fig. 25.1  CO2 and temperature over the last 350,000 years from the Vostok ice core and atmo-
spheric measurements. (Source: Adapted from the Marian Koshland Science Museum of the 
National Academy of Sciences)
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Clearly, there is some connection between the two, and you can show that in a 
laboratory, when you have CO2 in a glass box and shine a light on it, the temperature 
rises, more so than in a box that does not contain CO2. What is really scary is the 
right part of that graph that shows you temperature and CO2 in the last 50 years or 
so. We currently have a CO2 concentration of 416 parts per million (ppm), and the 
temperature in Antarctica has risen by about five or six degrees Fahrenheit in the 
same time period. So what we are experiencing right now is enormous increases in 
CO2 levels compared to historical levels. The last time we had that high a level was 
3 million years ago, and then the earth was much, much warmer than it is today.

If you wanted to project this to 2100, the blue curve would reach far beyond the 
top of the figure, and we are exceeding any precedent in the last few million years. 
These high CO2 concentrations will cause all sorts of havoc. We see the beginning 
of it: massive storms, flooding, droughts, wildfires, massive migrations, death at a 
very high level, it will trigger wars—so it’s really a disaster that is in front of us.

The concept of decarbonization: I wanted to show you this diagram and that is 
my last one (See Fig. 25.2). It is a little complicated, so let me guide you through it. 
In a nutshell, decarbonization means we are trying to do whatever we are doing 
right now in terms of standard of living, providing food for most people, living a 
safe life, but without these enormous CO2 emissions. This graph shows how chal-
lenging this is. We are currently emitting about 50 gigatons of CO2 (equivalent) per 
year, as a combination of CO2 and other greenhouse gases. Emissions will likely 
rise in the future, and then in mid-century sort of drop off a little bit. Climate scien-
tists tell us that if we want to limit climate change to about two degrees warming 
global average, we have to actually follow the red curve in the diagram. We have to 
reach zero net emissions of greenhouse gases in this scenario, by 2090. We can 
accomplish this by avoiding the CO2 emissions in the green area of the diagram 

Fig. 25.2  Potential future carbon dioxide emissions for ‘business as usual’ as well as what would 
be required to limit warming below 2 °C. (Sources: UNEP, 2017; NAS, 2019)
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using wind energy, renewable solar energy, and perhaps nuclear energy. Now, the 
problem is that there are considerable CO2 and methane emissions that are very, 
very difficult to avoid. This includes airplanes, cement production, and agriculture 
that emit a lot of methane. It is very hard to completely get rid of those emissions. 
So in order to get to zero, we actually have to have negative emissions. We have to 
remove CO2 from the atmosphere by growing trees, increasing uptake of CO2 by the 
oceans, or taking CO2 out of the atmosphere and putting it into the subsurface and 
storing it there. A lot has to happen in order to get to zero and fast. My final point is 
this graph is originally from 2017 and has been publicized by the National Academy 
of Sciences in 2019, but it is outdated already. Newer studies say that we have to 
reach carbon neutrality already by 2050 because we need to limit global warming to 
not 2 but 1.5 °C. So our window of opportunity is actually even more compressed. 
Hopefully, that is enough background for defining this term.

Sandra Goldmark  Given what Martin just said, laying out in the plainest terms 
the urgency and the scale of the problem, there are a number of reactions we might 
have. One reaction might be to be totally overwhelmed and say, “I don’t know what 
I can do about this.” Another might be and what I hope that this workshop is inviting 
us to do, is to say, “Okay, given where I am and where I am working, what can I 
do?” One of the things I wanted to talk about today is how—and in a way, this is 
going to kind of make it seem worse, but in a way, hopefully, it’ll get us somewhere 
that might feel better in the end—this question of decarbonization is also linked to 
so many other issues and questions that we are living with and grappling with. I use 
this visual exercise in one of my classes to begin to open up a conversation about the 
intersections between the specific metric of carbon in the atmosphere and some of 
the other disciplines, challenges, and human quandaries that are actually all inter-
connected. Figure 25.3 is like Martin’s graph, but just zoomed-in—you are looking 
at 1000 years of carbon dioxide emissions growth. Temperature follows the same 
“hockey stick” pattern.2 Figure 25.4 represents World Population growth over the 
last 12,000 years; Fig. 25.5 is species extinction over the last 200 years. Figure 25.6, 
hard drive capacity by year, follows the same pattern. I could continue with the 
hockey sticks—sugar consumption per capita, extraction of resources per capita, 
storage unit capacity in the U.S.—it goes on and on. But I am going to pause on this 
next one: Fig. 25.7 is the reverse shape, interestingly enough visually from a design 
point of view, because this is the distribution of emissions relative to the percentage 
of the population living in extreme poverty. The richest 10% emit at least 50% of 
emissions. These multiple hockey sticks hopefully help illustrate, visually, that 
there are a number of artistic and disciplinary ways to think about the question of 
decarbonization and the related challenges we face. And furthermore, as we see 
with the sugar consumption graph, it can’t all be tied back to population growth. It’s 
actually about the fact that, as time moves on, we’ve begun extracting more resources 
per capita on top of the actual growth in population, so in that way, it’s twofold.

2 Term used by Mahlman to describe the reconstructed 1000-year temperature pattern shown by 
Mann et al. (1999).
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Fig. 25.3  1000  years of atmospheric carbon dioxide concentration showing dramatic recent 
increase from anthropogenic emissions. (Source: Earth Institute of Columbia University)

Fig. 25.4  World Population growth over the last 12,000 years. (Source: Wikimedia Commons)

Kadambari Baxi  Thank you, both Martin and Sandra. Sandra compares visualiza-
tions of data in compelling ways. Martin talks about scientific data that is also visu-
alized very simply, and very impactfully. I think the message is very straightforward, 
clear, and urgent. We must also acknowledge that decarbonization is a debate, and 
often, different angles may be highlighted with the same data. Data can be parsed in 
many different ways. Right now we’re at this moment where–a kind of complex 
conversation between past, present, and future that also leads to some controversial 
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Fig. 25.5  Species extinction over the last 200 years. (Source: Extinction Symbol)

Fig. 25.6  Hard drive capacity by year. (Source: UCLA)

questions, such as: who governs decarbonization? Who funds it? To emphasize 
these types of questions: I want to share three images: Fig. 25.9 from “Our World in 
Data” shows: “who has contributed most to the global CO2 emissions?” You can see 
USA, EU, China, and India are among  the major contributors. Note that these 
figures are based on production-based emissions, which means that they represent 
CO2 produced domestically from fossil fuel combustion and cement, and do not 
correct for international trade. Excluded here are any consumption-based emis-
sions. This inclusion, most likely, will significantly increase the numbers for the 
USA and EU.  Seeing this scale of comparative accumulations as country-based 
comparisons, to me, suggests obvious implications. Figure 25.8 shows per capita 
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Fig. 25.7  The distribution of global population’s carbon dioxide emissions in 2015, by income 
level. (Source: Statista)

Fig. 25.8  Global distribution of per capita CO2 emissions from the burning of fossil fuels for 
energy and cement production, 2019. Land use change is not included. (Source: “Our World in 
Data,” Creative Commons)
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Fig. 25.9  Contributions to global CO2 emissions. (Source: “Our World in Data,” Creative 
Commons)

CO2 emissions, and this world-view of rich countries versus poor countries is prob-
ably not surprising for anyone. Any decarbonization questions, and debates, will 
need negotiations and solutions at many scales: the individual scale, the national 
scale, per capita scale—there are so many different ways to look at the urgency 
around such questions.

The last Fig. 25.10, simply breaks down the emission sources and what remains 
in the atmosphere: 59%. That is a very large number! But what I want to emphasize 
are also the different sources noted on the left side. They are shown as separate sec-
tors, but are, of course, also interdependent. In academia, for teaching and learning 
purposes, the different sectors suggest interdisciplinary conversations and research 
around how they shape many aspects, for example the built environment, our soci-
ety, etc. But what we really want to highlight here is the urgency represented by the 
59% number and the emissions that remain in the global atmosphere.

Designing decarbonization, thus, is an urgent discussion. It includes issues of 
global governance, scientific knowledge as well as worldwide collaborations, and 
further, must also include locally specific activism that can also lead to large impacts. 
We should consider design as a kind of collaborative authorship. Our title includes 
“Design” in the most expanded sense: we design curricula here at Barnard. We 
design our lives to a certain extent.

Sandra Goldmark  To echo what Kadambari said, and make it a little more per-
sonalized, looking at Martin’s Fig. 25.1, as a theatre designer, many years ago I 
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Fig. 25.10  Sources of current global emissions and natural sinks of greenhouse gases. Sources 
data from IPCC Fifth Assessment Report, Working Group Three. Sinks data on carbon dioxide 
from the Global Carbon Project (adjusted here for whole greenhouse gas mixes). (Graphic by 
Project Drawdown © 2021)

would have said, “Well, what do I have to do with this? What does a theatre artist 
have to do with decarbonization?” I started with what Kadambari indicated as the 
first thing, trying to sort of decarbonize my own design practice or my own designs 
in theatre. And then I realized over the years that what Kadambari is inviting us to 
do, i.e. all participate in the process of designing decarbonization, is incredibly 
valuable and necessary. If we are going to be thinking about emissions along with 
species extinction, and social justice, and equity, we are all going to have to be part 
of the process of designing a decarbonized future. It’s not just about emissions, it’s 
about the whole complex package.

Olivia Wang  Thank you for sharing, we will move on to the next question, which 
is how have you integrated this theme in your courses so far or any thoughts on 
future courses?

Kadambari Baxi  Last year, I taught a studio course for seniors, Architectural 
Design III, that explored the role of museums in exhibiting issues related to climate 
change, and in providing climate forums for the general public. Students designed 
what we termed a “Climatorium,” at two natural history museums in New York and 
Berlin. “Climatorium” is a word that is made up, similar to a planetarium that mod-
els deep space and atmospheres, students designed spatial installations that “made-
visible” complex issues related to climate change. Another course, Environmental 
Visualizations of NYC, is one that I co-taught with Karen Fairbanks. We used 
Newtown Creek in Brooklyn and Gowanus Canal as sites, both of these are 
Superfund sites. We were looking at mitigation strategies and also how city and 
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state planning agencies are conducting cleanup efforts, but that also led to large-
scale planning and zoning initiatives.

Sandra Goldmark  For my classes, as I mentioned, the first step is decarbonizing 
my design practices, and the way I teach design, and the way we practice in our 
classes. So, in terms of set and costume design classes at Barnard, I have started 
incorporating practices built around circularity, because embracing circular design 
and production principles is one of the easiest ways to slash your emissions from 
design and production. In the classroom, I have a series of exercises to explore cir-
cularity and how students can approach design with those principles in place. In one 
specific exercise, for example, students build a model. For the next project, they are 
given the model of one of their classmates, and they can only design using the mate-
rials they find in the first model. It is a way to simply and clearly physicalize and 
actualize the concepts of circularity in three dimensions. As another example, in my 
costume design classes, I have started incorporating modules around labor and envi-
ronment, i.e., looking at the environmental impacts of our design practices and the 
social impacts. Students learn about what textiles are made of, who makes our gar-
ments and apparel, how much they are paid, and how that knowledge can influence 
our design decisions. We also have modules on budgeting, which include thinking 
about how to track and budget sustainably in a theatrical production. The second 
part of the question, designing decarbonization, is a much newer thing for me to be 
trying to teach in my courses because most of my courses are within theatre. I have 
really been playing with the question in a first-year seminar and in a course I devel-
oped last year during the pandemic. It was called Change and Climate Change, and 
that is where I am really trying to unpack some of the questions that point to how 
we might “design decarbonization” by first understanding change itself. How are 
we going to change all of these systems we live within? What are different theories 
of change, what are different approaches to it? For that course, I brought in several 
fellow faculty members to do guest visits to physicalize and embody this idea of 
interdisciplinarity and collaboration as a necessary part of designing our decarbon-
ized future.

Martin Stute  So I wanted to start with a bit of history. Of course, climate change 
and sustainability, in general, are the heart and center of whatever we do in the 
Environmental Science Department. But we did play a role in putting climate front 
and center for undergraduates when I started at Barnard in 1995. Supported by a 
grant from the National Science Foundation, we built a sequence of classes that deal 
with Earth systems. I was involved in developing the course about the Earth’s 
Climate System (see Pfirman and Winckler, Chap. 19). This was the first compre-
hensive climate change class on the Columbia/Barnard campus. It was also the first 
class that I am aware of that was served on the internet in 1995, which is pretty early 
in the process. That class still exists. It is our basic introductory course for the major 
and also has always been co-taught, which is a concept that I think we are pushing 
a little bit in this context. So it works—it has worked for like 25 years, so we should 
keep pushing along those lines.
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I teach the environmental science senior seminar; we have a lot of topics that deal 
with research on climate change. I am an advisor of a project that uses rocks and 
water to capture CO2 from the atmosphere and concentrate it to sequester it auto-
matically. I teach hydrology. Water is my field, and of course, there are many inter-
actions between water and CO2. We use water as a carrier for CO2, we need water 
for chemical reactions that involve CO2, and water and climate change are very, very 
tightly connected. The effects of climate change on the water cycle might be more 
important than just temperature changes, for example, because we all want to sur-
vive and we need to drink water, eat food, etc., so it is front and center in that class.

I did want to mention one more thing. I teach a workshop in sustainable develop-
ment, which is a concept, maybe of broad interest. Students basically form a con-
sulting firm in their class and they work for an outside client on a real world problem, 
and often those projects involve climate change. We were once tasked, for example, 
by another campus to figure out electricity consumption and how that could be 
reduced, and the students found out that in one giant laboratory building, just by 
having motion sensors in there, the institution would save $40,000 a year of electric-
ity costs. It is an interesting concept. Students learn how to work as a team, which 
is actually something that most of us do for the rest of our lives. We are rarely work-
ing alone on anything and yet we are not prepared for it. We do not learn how to 
work in a team, we are not educated about how to do this, students aren’t and faculty 
aren’t. So that is a skill that students learn and I, as an instructor, step back, more 
and more. I am really only actively involved in the first couple of weeks or so, and 
then they pretty much take over and run the whole show themselves. And then, 
finally, I do give a lot of guest lectures about various climate related topics in vari-
ous departments, not just the sciences. This Iceland study in my background here I 
have talked about 20–25 times already in various forms.

Linda Chen  Looking at these slides, we can kind of understand the gravity of the 
situation. Professor Goldmark, earlier, you mentioned that we should incorporate 
decarbonization design into our daily lives. Do you have any tips on what we could 
or should be doing about this?

Sandra Goldmark  That is such a big question because who is “we?” Is it me as an 
individual, is it faculty and students, is it Barnard as an institution, is it New York 
City, is it the federal government? There is every level of “we” embedded in that 
question. I am a believer—given the urgency of what Martin laid out in that first 
slide—in looking at the action at each level. I get a lot of questions because of my 
work on sustainable consumption along the lines of, “Who should be doing this? Is 
it the individual consumer? Is it the businesses? Is it the policymakers?” and I say, 
“Yes! All of the above! We do not have any time to wait for somebody else to start.” 
There is a lot of finger-pointing in the world of sustainability. There are a lot of 
people saying, “The government should make policies,” or “It’s all the corporation’s 
fault,” and then the corporations say, “Well, there’s no consumer demand, so we 
can’t do this.” Everybody at every level can—and must—take action now. That 
might sound kind of huge but it is not, because I am not saying everyone can do this 
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work and be done right now, but I am just saying we can and have to start. One way 
to start is to say, “I am teaching a course next semester. Is there a module or reading 
I might include?” That is one of the things this workshop is hoping to open up. Or 
to say on an individual level, “Is there a practice that I am engaged in that does not 
feel right for me?” I did not try to go 100% green when I started. I just started real-
izing that my theatrical designs were kind of wasteful and nasty, and I began chang-
ing the way I designed one show. I bought less stuff. The next show, I bought no 
stuff. And before I knew it, ten years later, I had committed my whole career to 
climate action.

But of course, let’s not forget the policy level. In addition to looking at our own 
practices, our own spheres of influence, we need to push for policies that will help 
move things at scale. Most importantly, we need to approach all of this work with a 
justice and equity lens. That’s something we are in an excellent position to do at 
Barnard. So perhaps I should not even say, “Just start,” because we have started. I 
feel like everyone at Barnard has either started this work or is way down the road, 
as in the case of Martin, who has been showing the way for many years. So, it is 
more a question of evaluating where you are and continuing to turn up the volume.

Martin Stute  I am very much on board with what Sandra just said, but to rank the 
efforts, a little bit, I would say if we want to have any hope in addressing this prob-
lem, we need a very large-scale shift, and that can only happen on a global scale. We 
do not have control over the globe, but we do have some control of what is happen-
ing in this country, and you saw earlier how important we are. So if I ranked the 
efforts, I would say the number one thing is, make a difference on the political level: 
vote. You already see how much of a difference one year made compared to where 
we were last spring to where we are this spring in terms of climate change discus-
sions and what is actually on the agenda. It’s a huge difference. So that is a require-
ment without which we will not have a clue to address this problem. I am not against 
all the personal measures you put in place—that is part of the big picture. But the 
other one is the most important one in my mind, so we have to move people’s minds, 
we have to generate some groundswell of support for these massive changes we 
have to see in the future of our lives.

Sandra Goldmark  I totally agree, but I just want to jump in and say, I think the 
way you get the political will, the way you get the groundswell is by everybody 
clicking in and pushing for change in their homes, their community, their sphere of 
influence because people vote where their hearts are, people vote where their com-
munities are, people vote where their belief systems are. So political change doesn’t 
happen in a vacuum; politicians need to see the political will from everybody, and 
for me, that can start at a very personal, individual level. It just can’t stop there.

Kadambari Baxi  I absolutely agree with both Martin and Sandra, on all of the 
above, of course. I would echo and emphasize that what we really need is systematic 
change, and we need structural change. So how do we achieve that? Certainly, it was 
on my list to say to vote and to participate in political action. But we also have to 
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recognize that for some people, voting may be a privilege. Moreover, one is often 
not able to vote on global issues. Electoral democracy is based on nation-states and 
the power of nation-states. I would argue that to generate any kind of structural and 
systematic change, in terms of individual action, organizing collectively is essential. 
We can organize to produce collective action. We need to learn how to organize. As 
Martin said, we have seen over the last year that activism matters. Given the urgency, 
I think we need cultural activism, we need imagination that facilitates collective 
collaboration. We are not all going to agree, but we need processes and forums, 
participatory processes where these issues can be debated and some decisions can 
be made. The last thing I would say is that we must also think of the role of universi-
ties in this. This is our realm. We are knowledge producers, and we are also cultural 
producers, and I think that in terms of these discussions, we also need to think about 
our places in universities and what universities can do. As a quick example, consider 
the EPA (Environmental Protection Agency) over the last four years. When most of 
the climate data was removed from its websites during the Trump administrations, 
a university consortium (Environmental Data and Governance Initiative: EDGI, 
https://envirodatagov.org/) was formed to quickly download the data before it was 
lost for public use. Universities can become open sources for this kind of impor-
tant data.

Olivia Wang  Thank you everyone. We will now be doing a Q & A session so you 
may unmute to ask your question, or you can also put your question in the chat.

Ralph Ghoche (Architecture)  I have a question. I am in a design department as 
well, and I wonder to what extent this word “design” is used, I think, very broadly 
here, but also very specifically. There is an example Sandra gave of really heavy 
engagement with her students and design practices in the Theatre department. But I 
wonder to what extent we can shift the focus back on Barnard with our design prac-
tices. I wonder to what extent we can actually engage with design practices on 
campus. I think Sandra you mentioned that we need to act more locally. Do you 
think there’s a desire on the part of students to focus more on the very local institu-
tions of Barnard and Columbia and do you think we could target design much more 
in the very institutions which we are part of?

Sandra Goldmark  I feel like we have gotten into this whole sustainability debate 
of the individual versus the collective and I just do not see it as an either/or. I do not 
think you go out and vote and then you do whatever the hell you want in your own 
life. To me, they are two tracks that need to move forward at the same time. And I 
am not saying anybody on the panel is saying that. This is a debate that has been 
happening for years in the climate change world. I think that we need to look at our 
design practices at Barnard, not only to reduce our own emissions, but as Kadambari 
was indicating, to pioneer and to serve as a model to train the next generation. And 
so I think there are huge opportunities coming down the pike for the college.

Martin Stute  Construction is going to happen again on the Barnard campus. 
Altschul is going to be very heavily renovated and decarbonization is very high on 
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the agenda, looking at architects and making choices there. Several of us have been 
involved in those discussions and are going to push very hard that this will be as 
carbon neutral as possible. That is definitely a campus opportunity and we should 
definitely have done more of this when the previous two buildings were built, but we 
lost that opportunity to a large extent. There are many student organizations that 
help with various activities on campus, so students can be active there. That is one 
thing. Then, by building a real-world impact into our classes, such design studios 
and workshops where students work with outside entities, they can really make a 
difference. These are real projects, the students produce something that can be and 
often is implemented. So there is a real-world impact that students can make within 
those courses.

Kadambari Baxi  I think that it is very interesting to see what happened last year, 
with the pandemic. There were so many things we thought that could never happen, 
like working from home at such a large scale, that had to become a quick reality. 
Going forward, we should really assess what we have learned from this last year. I 
remember Sandra and I had a very quick conversation when I ran into her when the 
campus was closed and nobody was around. None of us were allowed to use our 
offices on campus but we noted how all the lights were on in Diana and in Milstein. 
I hope we can challenge our business as usual practices and learn something differ-
ent from this entire pandemic year.

Linda Chen  There is a quick question in the chat. How important is divestment 
from fossil fuel companies as a practical and or symbolic step?

Martin Stute  I think it is important. I was not involved in Barnard deciding to 
divest from fossil fuel, but there was a strong movement some years ago. I think 
Sandra was involved. It is a good thing. How much difference it really makes in the 
end, I do not know because at this point, not a tremendous amount of people are 
willing to divest on the national level. So if that grows, I think there is a chance that 
it will make an impact. I am not sure if it has yet, but it is worth doing and certainly 
has value, but Sandra, you are the expert here.

Sandra Goldmark  I think of divestment as part of a portfolio of climate action. 
Just like I think the Theatre department should figure out how they will take action, 
I think the financial management of the College needs to figure out what their role 
is. So, if you are working in Theatre, you need to put that house in order. If you work 
on investments and endowment you need to put that house in order. Of course, 
people pay more attention to certain arms of the College than others. But for me, it 
is just part of a philosophy where every decision-making process needs to take cli-
mate, impact, and justice into account. Every single one. So yes, investments for 
sure, but also purchasing, design, renovating Altschul, you name it, this needs to be 
a lens that we use when we make decisions, and so absolutely investment should be 
part of it.
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The only thing about divestment that I don’t like is when it becomes seen as the 
only thing we should do. Then, I personally do not agree, because I think it is not 
enough. I am not looking for just the one symbolic act. I am looking for consistent 
and coherent actions across all spheres and operational levels. For me, that is why it 
is not only what endowments do, or what theatre does, or what individuals do, or 
what corporations or policymakers do. It’s about decision making processes, how 
we all make our decisions. How do we use this lens when we make those decisions? 
I think that logic can apply to the smallest decision, like, “Am I going to buy this or 
am I going to buy that?” and to the biggest decisions. For example, the US 
Government is considering how to invest $2–$3 trillion in infrastructure over the 
next six years. Obviously, infrastructure investment is more important than one indi-
vidual purchase. But underneath it all, the most important question is, what is our 
decision-making process and what kind of lenses do we apply? And that applies to 
all categories, including investments.
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