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  Pref ace   

 I don’t recall exactly when I read Mary Ellen Weimer’s book  Learner - Centered 
Teaching ; I may have still been in graduate school or my fi rst post-Ph.D. year as a 
visiting professor. However, I’m certain that reading this book was a seminal 
moment that will forever infl uence my teaching philosophy. Weimer’s premise reso-
nated with me: “learner-centered teaching … represents an entirely new way of 
thinking about teaching and learning tasks and responsibilities. It is transforma-
tional” (2002, p. xxi). As a young teacher, her arguments were revolutionary for me 
as I hadn’t heard them before but found them to be immediately compelling and 
convincing. Now that I’ve had some experience putting the approach into practice, 
I can confi dently echo her statement that learner-centered teaching is transforma-
tional. Overall, it is so dynamic and interactive that it can make lecturing feel dull 
and agonizing. Learner-centered thinking opens a door to more pedagogical creativ-
ity (as refl ected by many of the activities in this book) that can lead to higher levels 
of student engagement, classroom energy, and teaching satisfaction. Quite simply, 
learner-centered teaching is more fun. Because of Weimer’s book, my central career 
goal is to continually improve my learner-centered teaching practices. 

 Although I was a learner-centered convert in the fi rst couple years of my current 
professor position, it took me a while longer to develop a mature and fully realized 
learner-centered philosophy. I quickly realized that I needed to adjust lectures to 
give students more responsibility for their own learning. In particular I remember 
asking one student why he wasn’t taking notes during the lecture. He replied, very 
honestly, that he didn’t have to because all the needed text was on the presentation 
slides which could be downloaded from the online course management system. This 
set off the nascent learner-centered teaching alarms in my head. I realized I was 
doing too much of the thinking for the students. As a result, I started to remove text 
from slides and insert blank spaces that I would fi ll in orally so at least they had to 
write the information down, or even better, I would help students contribute the 
missing information via Socratic dialogue. 

 Over time, I realized that such simple changes were not enough and that, to 
become more learner centered, I needed to reduce the classroom time spent by me 
talking about information on the slides. This commitment was especially 
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 strengthened by another classroom moment that I vividly remember, from three and 
four years ago. While lecturing, my mind was divided in two: one part was enthusi-
astically talking about the topic of the day in an attempt to impart knowledge on my 
students. Simultaneously, another part was observing the students more closely than 
usual. A few of the studious ones were paying attention and taking notes. But as my 
eyes scanned the room, I saw too many that were not mentally “there.” A few were 
sleeping or clearly trying not to; others were daydreaming or just zoned out. 
Of  course, the part of my mind that saw this immediately began to fret:  Why don ’ t 
the students care ?  Why are they so irresponsible ?  Don ’ t they want to learn ? 
Although this strong tendency to blame the students is common, with further refl ec-
tion, it’s easy to see that it’s not wholly their fault. Who among us has not nodded 
off at inappropriate times, especially when sitting, listening passively, only to then 
suddenly wake up wondering when your nap began? I certainly have, including, for 
example, more times than I’d like to admit in my invertebrate biology class 
(at 8 AM—part of the problem for a night-owl like me). (Despite this, I went on to 
study invertebrate ecology in graduate school.) Surely we’ve all seen colleagues 
drift off to sleep during professional conference talks, departmental seminars, or 
committee meetings. It’s an inevitable result of sitting passively without the respon-
sibility for having to accomplish something in the moment—a biological outcome 
of a stressed and tired body seeking some shut-eye whenever possible. 

 Although perhaps inevitable and surely undesirable, seeing disengaged students 
during a lecture can be a dreaded, demoralizing—even enraging—classroom 
moment for teachers. In my particular instance described above, while one part of 
my mind was trying to concentrate on lecturing coherently, the other was asking, 
why are you doing this? What  is  the point? Aren’t you partially responsible for the 
students’ disengagement and opportunistic slumber? What should you be doing to 
reduce the probability of this happening? I left that class with a stronger commit-
ment than ever to creating more active and engaging class meetings and reducing, 
as much as possible, the amount of time I spend talking at students in lecture mode. 
Yes, I still lecture; it can be a useful, if not necessary, tool in some cases, if just to 
vary the course’s day-to-day fl ow. But one’s teaching methods should be more 
diversifi ed and engaging than lectures alone. With critical observations and refl ec-
tions, it is apparent that lecturing sometimes—perhaps often—just doesn’t work to 
promote excellent student engagement and learning, which should always be a 
teacher’s primary goal. 

 One way to test the validity of this conclusion is to think about the most memo-
rable learning and classroom moments from one’s own time as a student. For me, 
I remember Dr. Hils asking volunteers (including me) to stand in the front of the 
classroom and create a human model of a cell membrane. He also had us create our 
own 3-D “life spirals” to illustrate the life history strategies of plants. In my general 
ecology course with Dr. Huehner, we sampled, identifi ed, and counted beans to 
calculate biodiversity indices. In marine biology, he turned over one class meeting 
to each student so that we could be teacher-of-the-day (a smart approach that I use 
in some of my classes because having to teach someone else creates ideal motiva-
tion to spur one’s own learning!). In addition to strengthening my knowledge about 
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coral reefs, this experience helped solidify my desire to become an educator. Some 
of my other most enjoyable college experiences were in Professor Bourassa’s pho-
tography classes; she made every studio critique session highly learner centered 
which forced us to refi ne our critical artistic thinking and communication skills. The 
common thread connecting these and many other of my classroom memories is that 
students were the center of the action—the ones doing the work. I suspect that read-
ers can identify similar unique learning experiences from their own lives. 

 Learning experiences is a nice phrase to describe those memorable, participa-
tory, probably enjoyable moments when students are awake, engaged, thinking 
critically, and doing something other than taking notes. What methods can teachers 
use to create more of these experiences? Alongside traditional approaches like labo-
ratory experiments, research papers, and other projects, it seems that the number 
and diversity of innovative pedagogical tips and techniques has exploded in recent 
years. The creation of new terms and acronyms is hard to keep up with: PLTL, 
fl ipped classrooms, PBL, the 5 E’s model, service learning, and POGIL, among oth-
ers. In my mind, all of these fall into the umbrella category of learner-centered 
teaching. Although they are great general approaches that guide the creation of 
learning experiences, I have been frustrated in my teaching by the relative lack of 
concrete and immediately usable materials needed to implement learner-centered 
teaching in traditional classes that meet for 50–120 min in lecture-style classrooms 
(and specifi cally for the undergraduate level—many more resources exist for K-12 
education). Throughout my career, I have developed many learner-centered materi-
als and activities for such contexts but have found that few publishing outlets 
(that are of variable quality) exist for such college-level educational materials. 
Yet, I know that other professors have developed their own teaching activities and 
would also appreciate having other well-developed, easily-adoptable resources. 

 These two concerns—limited availability of teaching resources and publication 
outlets—are what prompted me to pursue publication of this book. My motivation 
was, in part, selfi sh: I wanted more teaching ideas for my own classes. However, the 
more important and valuable outcome of this book is sharing the great teaching 
activities of the contributing authors with the whole community who will surely 
benefi t from their hard work and creativity. For those who already consider them-
selves to be learner-centered teachers, the resources will provide a wealth of new 
materials to use while also inspiring ideas for new activities. For those who are just 
beginning their teaching careers or haven’t used many or any learner-centered 
teaching methods, I hope that the introductory chapter and collection of resources 
will motivate and enable them to become learner centered in their own educational 
philosophies and practices. No matter your current level and duration of learner- 
centered expertise and experience, I think it’s fair to say that we can all strive to 
become better designers of valuable learning experiences for our students. 

 To be sure, becoming more learner centered requires signifi cant time, patience, 
and commitment. I’ve experienced much self-doubt and anxiety along my journey, 
catalyzed by students who remained unengaged, still fail to do well, and complain 
about the “unfair” workloads on course evaluations. (Of course, some students have 
commented how much they enjoy and benefi t from my teaching methods—but as 
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many will empathize with, it’s the negative comments that one tends to brood over 
while lying in bed!) However, on balance I feel confi dent that learner-centered ped-
agogy is simply the right way to approach contemporary education—a view which 
is supported by accumulating scientifi c evidence (as reviewed in Chap.   1    ). This is 
particularly true for environmental and sustainability studies which are among the 
most important areas for students to learn about given the world’s many pressing 
socio-environmental challenges. The higher education community needs more 
 published learning activities about these issues and many others. I hope this volume 
will be an inspiration and model for the development and dissemination of others. 
More immediately and personally, I hope the resources in this book help you 
 accomplish your own learner-centered teaching goals.  

  Bristol, RI, USA     Loren     B.     Byrne
November 2015       
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    Chapter 1   
 Learner-Centered Teaching for Environmental 
and Sustainability Studies                     

       Loren     B.     Byrne    

            Introduction 

 Change is often very slow in educational systems (as educators are—often pain-
fully—aware). Nonetheless, the pace can sometimes quicken when a certain zeit-
geist emerges, tipping points are passed, and critical masses of interest and action 
lead to big-scale, possibly dramatic transformations. This volume merges two 
aspects of education that have rapidly changed in recent years: environmental and 
sustainability education, and knowledge about effective pedagogy. Its central  pur-
pose   is to disseminate engaging teaching activities that instructors can use to help 
increase students’ environmental literacy: the knowledge, skills, and dispositions 
( values  , attitudes, and motivation) for engaging in actions that effect positive envi-
ronmental, sustainability and human well-being outcomes. More generally, this vol-
ume aims to inspire instructors to adopt learner-centered pedagogical practices that 
can improve student learning (see Box  1.1  for a note about the teaching-learning 
relationship). The target audience is primarily higher-education instructors (includ-
ing graduate level), but high school teachers may fi nd the resources appropriate for 
and adaptable to their courses, especially advanced ones. 

 Across all teaching levels, environmental and sustainability educators need 
diverse, well-developed, easy-to-adopt teaching resources to facilitate effective 
teaching that in turn fosters excellent learning (defi ned in this book to include 

 Electronic supplementary materials:   The online version of this chapter (doi:  10.1007/978-3- 319- 
28543-6_1    ) contains supplementary material, which is available to authorized users. 

        L.  B.   Byrne      (*) 
  Department of Biology, Marine Biology & Environmental Science ,  Roger Williams 
University ,   Bristol ,  RI ,  USA   
 e-mail: lbyrne@rwu.edu  

 “ Teaching succeeds when learning occurs .” 

 (Davis and Arend  2013 , p. 31) 

 “ The one who does the work does the learning .” 

 (Doyle  2011 , p. 1) 
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knowledge gains, skill development, and personal growth in  affective   dimensions). 
The unavailability of such resources can often be a limiting factor for those who 
wish to evolve their pedagogy and try new approaches, in large part because of time 
constraints on developing new materials. To be sure, many teaching resources exist, 
especially on the Internet where searches can yield varied ideas and lesson plans 
from diverse sources. However, it may not be easy (nor quick) to fi nd such materi-
als, and searches often end in frustration. Existing resources can be limited in many 
ways that preclude their utility. Some may be underdeveloped, with less-than-ideal 
rigor and sophistication for use in particular settings. They might be tailored to the 
creator’s personal interests and thus have limited transferability for teaching more 
general themes. Some resources are deeply rooted in narrow disciplinary perspec-
tives that preclude their use with students of diverse academic backgrounds and skill 
levels. Most often (in my experience), materials simply do not exist for particular 
topics and learning goals. These challenges (and others highlighted in the next 
 section) suggest the need for additional initiatives to formalize and share the unpub-
lished teaching activities that many instructors have developed for their own courses. 

 This book helps fi ll the teaching-activity resource gap for environmental and sus-
tainability studies (especially for higher-education contexts) by presenting a diverse, 
highly polished collection of pedagogical materials. The practicality and usability of 
this collection arise from its emphasis on the daily practices of teaching. It takes a 
“user-centered” view by presenting concisely described teaching activities with 
explicit and suffi ciently detailed guidance to enable their (relatively) quick and easy 
adoption. The volume is limited to activities that require minimal instructor prepara-
tion (with ready-to-go supplementary materials provided as possible), do not require 
elaborate setups or specialized materials, and can be used in many course contexts 
(e.g., small and large, introductory through advanced). All are designed for tradi-
tional (i.e., non-laboratory, indoor) classroom spaces, and most can be completed in 
one or two class sessions. No matter the implementation context, each activity can 
create a signifi cant learning experience (sensu Fink  2003 ) in which higher classroom 
 energy   levels and student engagement lead to meaningful, long- lasting outcomes for 
students’ personal lives, community connections, and professional pursuits. 

 The rest of this introductory chapter will further explore key issues that frame 
this collection of teaching activities. First, the larger context around and some peda-
gogical challenges of environmental and sustainability education will be discussed. 
Second, a brief review will be provided about the nature and implications of adopt-
ing learner-centered pedagogy to highlight the value of and need for the continued 
shift to this approach. To foster critical, honest  refl ection   about the approach, a third 
section discusses some of its inherent challenges and  trade-offs  ; the goal here is to 
help readers more thoughtfully refl ect about how to implement it in a personally 
relevant, comfortable, and balanced way that fi ts one’s personal context, which is 
necessary for its effective and sustained use. Finally, some concluding refl ections 
will be given based on my work as editor of this volume and my own teaching expe-
riences. Overall, I  hope   that the volume will inspire readers to use many of its excit-
ing teaching activities to help their students become more environmentally literate 
citizens who help humanity work toward a more sustainable future. 
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       Environmental Issues, Sustainability Goals, and Educational 
Challenges 

 The topics of pedagogy and environmental/sustainability education coalesce around 
a central question: what teaching methods should educators use to help students 
help improve the world? In other words, how can educators help students learn how 
to live responsibly and sustainably on Earth to help make it—in all of its myriad 
environmental, human, and societal dimensions—a better, more sustainable, and 
thriving place for everyone, including other species in the biosphere’s diverse eco-
logical webs? It does not seem like an overstatement to suggest that—on a planet 
with limited, stretched-ever-more-thinly resources and a population of seven- 
billion- plus-and-counting people—few questions are as important as this one, espe-
cially in educational systems that seek to positively infl uence the future. As David 
Orr ( 2004 ) suggested, “… the worth of education must now be measured against 
the standards of human decency and survival—the issues looming so large before 

   Box 1.1. Teaching or Learning Activities? 

 Teaching and learning exist in a kind of mutualistic-symbiotic relationship; 
they are intricately linked (perhaps in an obligatory way) and ideally should 
benefi t—or at least inform—each other through reciprocal feedback. In a 
learner-centered context, learning is the more important of the two because 
the  purpose   of teaching is to facilitate learning, as highlighted by the epitaphs 
that opened this chapter. Teaching activities should therefore always be 
designed as learning activities. Perhaps a preferable term might be “teaching- 
learning activities” to indicate the intimate coupling of the two processes that 
should be viewed as inseparable. 

 In this context, why was the phrase “teaching activities” used for the title 
of this volume instead of “learning activities”? Shouldn’t the focus be on 
learning rather than teaching? Yes! However, since the volume’s audience 
will be composed of teachers (this is an educator’s resource, not a student 
workbook or textbook), readers will be examining and implementing the 
chapters from the perspective of the teaching role (e.g., preparation, guiding 
students). Second, the phrase learner centered is preferable to student cen-
tered because it emphasizes the learning aspect of being a student (as noted by 
Weimer  2002 ). Following from this, the title “learner-centered learning activi-
ties” would have sounded awkward due to its internal  redundancy  . In the end, 
the fi nal title may not matter much, and these two phrases (learning activities 
and teaching activities) could be seen as interchangeable. The key insight is to 
remember that a book about teaching activities is simultaneously a book about 
learning activities, since learning must occur for teaching to occur (Weimer 
 2002 ; Davis and Arend  2013 ). 

1 Learner-Centered Teaching for Environmental and Sustainability Studies



4

us in the twenty-fi rst century. It is not education, but an education of a  certain kind , 
that will save us” (p. 8, emphasis added). (In this context, it is important to clarify 
that this type of education is not, and should not be thought of as, a dogmatic, 
authoritarian approach that seeks to “brainwash” students into believing and acting 
in certain “correct” ways. Instead, the most effective environmental and sustain-
ability education should seek to help students learn how to think critically, indepen-
dently, and ethically about human-environment relationships, not specifi cally what 
to think and do.) 

 Orr’s  certain kind  of education focuses on the realities of human-environment 
relationships in the twenty-fi rst century. In particular, it is now unassailable that 
humans have changed the Earth system more over the past 60–100 years than at any 
time in our species’ history, with dramatic, largely negative, consequences for  bio-
diversity  , the health and  resilience   of ecosystems, and therefore human well-being 
(McNeil  2000 ; MEA  2005 ). All students should understand the consequences of 
such changes in context of the natural and social scientifi c principles and evidence 
pertaining to humans’ dependence on biodiversity, ecosystems, and favorable envi-
ronmental conditions that give rise to ecosystem services that sustain human life, 
health, and happiness (Cardinale et al.  2012 ). Further, beyond content knowledge, 
sustainable societies need more citizens who have the willingness and wide range of 
skills to effect positive environmental and sociocultural changes. To these ends, 
educators have responded over the past several decades by developing integrated, 
transdisciplinary (inclusive of the natural and social sciences, humanities, and pro-
fessional fi elds like architecture,  engineering  , and  business  ) environmental and sus-
tainability study courses, curricula, and degree programs (Vincent et al.  2013 ). Their 
emergence and growth advance Orr’s vision for education that enables students to 
become sustainability leaders in their personal, public, and professional lives. 

 Concurrently, with increased environmental and sustainability education efforts, 
the past 20+ years have witnessed signifi cant changes in scientifi c and philosophical 
understanding about the processes of teaching and learning (reviewed in the next 
section). In particular, evidence-based insights have led to numerous recommenda-
tions about how teaching activities and educational experiences should be designed 
(e.g., Bransford et al.  2000 ). One theme that has emerged is the necessity of using 
more engaging, hands-on, learner-centered pedagogies (instead of lecturing) to cat-
alyze better learning (Kober  2015 ). Among the suggested techniques are project- 
and problem-based assignments that refl ect “real-world” or “authentic” ways of 
helping students develop and apply their knowledge and skills. More generally, calls 
for “revolutionizing” the ways that educators think about and approach teaching and 
learning suggest the need to consider the pedagogical aspects of Orr’s “certain kind 
of education”—that is, a kind of education that engages students in active, meaning-
ful, and signifi cant learning (e.g., Fink  2003 ). Such education is encompassed by 
the term “learner centered” (Weimer  2002 ). 

 Although the educational challenge of fostering signifi cant learning applies to all 
disciplines and topics, it is particularly relevant to helping students develop their 
environmental literacy, a complex, multidimensional process and goal (McBride 
et al.  2013 ). If an accepted primary aim of environmental and sustainability educa-
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tion is for students to understand their own relationships to (including impacts on) 
the world and develop their capacities for effecting positive change, such education 
will have to help students more personally connect with the material as a means to 
enhancing their awareness, knowledge, and critical self- refl ection   abilities (e.g., 
Doyle  2011 ). Such education is needed to increase the chances that students will be 
prompted to modify (as needed) their  affective   and behavioral dimensions that 
relate to environmental and sustainability concerns. From this, a critical, if some-
what obvious, insight emerges: achieving the laudable but challenging goals of 
environmental and sustainability education is a direct function of using effective, 
engaging pedagogies. Learner-centered methods are especially applicable to help-
ing students process complex and challenging information from many disciplines; 
synthesize and apply knowledge to solve problems; consider diverse human per-
spectives,  cultures  , and scenarios; and identify their own personal  ethics  , attitudes, 
and desired actions pertaining to human-environment relationships. Successful 
achievement of these outcomes requires that students be purposeful, refl ective, and 
highly engaged participants in their own learning (Kober  2015 ). 

 The pursuit of more engaging learner-centered teaching approaches for environ-
mental and sustainability studies can be challenging (as is true for any discipline). 
Many factors may limit or interfere with the ability (or willingness) of instructors to 
use more active pedagogical methods and materials. As discussed below, these 
include practical issues of the teaching context; a preference for focusing on content 
at the expense of explicitly helping students develop skills; and a reluctance (or 
 uncertainty   about how) to engage students’  affective   dimensions. (For the sake of 
brevity, the following discussion highlights generalized concerns without consider-
ing nuances and exceptions. Although the issues will not apply to everyone and all 
situations, they are likely to be common across many teaching and institutional set-
tings. See Kober ( 2015 ) for extended discussion about these and other factors.) 

    Practical Challenges 

 Many instructors, by choice or situation, teach in contexts that make the use of inno-
vative learner-centered pedagogy more diffi cult (although not impossible). Courses 
may be designed to include a wide breadth of content, as with introductory surveys 
that serve as foundational prerequisites for subsequent classes. The perceived need 
to “cover material” as quickly and effi ciently as possible (e.g., via lecturing) places 
pressure on instructors to ensure that students are “exposed to” information thought 
to be needed for future success (regardless of whether superfi cial exposure results in 
meaningful gains in student understanding, Kober  2015 ). This is especially true for 
environmental and sustainability studies which integrate an enormous breadth of 
content to create a more holistic, synthetic knowledge base. In addition, the goal of 
such content-centered courses may be to help students learn basic vocabulary, facts, 
and theories which may be seen as less relevant and amenable to innovative teaching 
(i.e., students should just be told what they need to memorize). 
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 Further challenges arise from noncontent issues. Many classroom spaces remain 
traditionally confi gured with rows of desks and chairs (which may be immoveable) 
facing the lecturer. Many classes meet in short blocks of time (50–80 min) which 
can limit the use of project-/problem-based and other activities that require longer 
periods of engagement. Depending on institutional context, courses may have large 
enrollment numbers (e.g., >30 students) that frustrate the use of some pedagogies. 
(Much work, however, has focused on implementing active-learning techniques into 
large classes (e.g., Walker et al.  2008 ).) Further, although there is wide variation in 
instructors’ professional responsibilities (including teaching loads) and locally 
available resources and opportunities, the materials, money, and/or time for fi nding, 
preparing, creating, and implementing new sophisticated and rigorous teaching 
activities are often limited. (As such, it is easier to do what has always been done 
than develop something new.) 

 Individually or in combination, these practical challenges mean that it may not 
be feasible for instructors to make all—or even a majority of—class meetings 
learner centered, hands-on, and innovative. Unfortunately, in many institutions 
these issues will probably remain for many instructors into the foreseeable future. 
To make pedagogical changes in such contexts, a key question must be addressed: 
how can learner-centered teaching practices and materials be integrated into tradi-
tional courses with lots of content, large enrollments, short meeting durations, 
infl exible classroom spaces, and instructors who are pressed for time and resources? 
Collections of scalable and easy-to-adopt resources geared toward such contexts, 
such as this one, are invaluable for assisting many instructors to integrate more 
innovative pedagogies into their traditional lecture-style courses.  

    Balancing Content and Skills 

 A second challenge for environmental and sustainability educators is addressing the 
tension between learning content and developing skills. Of course, these are not 
mutually exclusive, and most, if not all, instructors seek to help their students 
improve in both dimensions. Nonetheless, if for no other reason than limited time, 
a trade-off often exists in many teaching endeavors between these goals. In particu-
lar, this is due to the fact that rigorous skill development often requires explicit, 
purposeful, and iterative practice with focused, in-depth feedback. Although this 
makes helping students improve their skills more challenging (especially given the 
practical concerns described above), it is no longer—if it ever was—safe to assume 
that students’ skills will automatically improve just by engaging in an activity 
once—or even multiple times—if instructional feedback is not provided. (This 
seems particularly relevant to reading and writing skills, which do not seem to 
develop with simple repetition for many students.) More explicit identifi cation of 
skills-related goals and then aligning teaching practices with them are critical 
imperatives for education (e.g., as argued in the Vision and Change report about 
transforming undergraduate biology education; Brewer and Smith  2011 ). 
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 For environmental and sustainability studies, skill development is often empha-
sized as part of their core  raison d’être , especially in regard to systems and scientifi c 
thinking and problem solving (e.g., Wiek et al.  2011 ). Critical skills include gather-
ing and evaluating information, evidence-based reasoning, applying and synthesiz-
ing information, and effectively communicating in many forms. As is surely obvious, 
teaching methods that actually engage students in doing these activities are critical 
for helping them progress (Bransford et al.  2000 ), especially through the use of many 
small, low-stake practice activities rather than one-time, high-stake, fi nal projects. As 
such, instructors must be willing to “open up” time in their courses and curricula for 
multiple opportunities of sustained practice to improve students’ skills. Of course, 
this is easier said than done in many contexts, given the many issues that compete for 
faculty’s time, attention, and ability to provide students with thoughtful feedback. 
Further, sometimes teachers’ love for content can outcompete the desire for helping 
students develop their skills. Although understandable (content remains important 
and is often fun to explore), Weimer ( 2002 ) maintains that, “When teaching is 
learner-centered, content is used, not covered … to develop … sophisticated skills 
necessary to sustain learning across a career and a lifetime” (p. xviii). In other words, 
knowledge acquisition and skill development should be integrated within holistic 
lessons. The tension between balancing content and skills might be resolved, in part, 
by the availability of compelling examples of pedagogy that focus intentionally and 
explicitly on skill development while also helping students learn basic information.  

    The Affective Domain 

 Another challenge that is particularly notable for environmental and sustainability 
education is engaging the “whole” student, including one’s  affective   characteristics 
such as beliefs,  values  , and emotions, alongside motivation and  optimism   for 
“making a difference.” Research has clearly shown that knowing “things” and hav-
ing skills do not necessarily or directly translate into environmentally responsible 
attitudes and behaviors (e.g., Carmi et al.  2015 ; Sapiains et al.  2015 ). If a key goal 
of environmental and sustainability education is to prepare students to become 
agents of positive engagement and change, students have to be inspired to want to 
do this, beyond knowing why it’s important and how to do it. Naturally, depending 
on their backgrounds and worldviews, many students who choose to take environ-
mental and sustainability courses already have positive dispositions toward sus-
tainability and have long been engaging in sustainable behaviors. Effective 
pedagogy can challenge them to clarify, refi ne, and develop their thinking and 
actions further. On the other hand, students who look negatively on (or actively 
refute) environmental and sustainability concerns can still be engaged in ways that 
(respectfully) ask them to refl ect on, articulate, and justify their beliefs, values, and 
decisions. Rather than attempting to change their minds or “force” any views on 
them (as some misguided critics of environmental and sustainability education 
suggest is the goal), such engagement and outcomes are a crucial part of 
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meaningful education that seek to promote the growth of students as individual, 
independent thinkers and help develop their refl ective, metacognitive skills (which 
are valuable for reasons that go beyond the sustainability context). However, stu-
dents’ affective characteristics (emotions, values, attitudes) are often overlooked or 
purposefully shunned by instructors for a variety of reasons, including the diffi -
culty of assessing or grading personal beliefs and outside-the-classroom, nonaca-
demic behaviors (e.g., Shephard  2008 ). Nonetheless, pedagogy that asks students 
to refl ect on their own views and consider alternative ones is essential for fostering 
signifi cant and meaningful learning experiences (Fink  2003 ). It can also help stu-
dents connect with and more deeply learn important content (Doyle  2011 ; Kober 
 2015 ). Suggestions for how to do this effectively and respectively, in open and 
supportive classrooms, may help instructors more readily consider and adopt exer-
cises that integrate affective issues and refl ective practices into environmental and 
sustainability courses with valuable outcomes for students and society. 

 These three challenges—negotiating the practical challenges of teaching, bal-
ancing content and skills development, and engaging students’  affective   dimen-
sions—establish critical context for this book; providing resources that help 
overcome them is one of its main goals. (For additional references that describe 
environmental and sustainability study teaching activities, alongside some that pro-
vide generalized learner-centered teaching tips and techniques, see Electronic 
Supplementary Materials (ESM-A). The volume’s scope has intentionally been 
constrained to include teaching activities that can be used in traditional college 
classes (meeting in short periods in rooms confi gured for lecturing) and that are 
relatively simple, inexpensive, and easy to implement (i.e., to overcome instructors’ 
time limitations for preparation). Many of the activities (especially in Part 3) focus 
explicitly on helping students practice critical skills while also integrating valuable 
basic content; some can be used more than once with different topics to provide 
students with multiple opportunities to improve (e.g., Chaps.   9    ,   36    ,   37    ,   40    ). Some 
of the most unique and thought-provoking ones are those that directly focus on stu-
dents’ affective dimensions, especially through  refl ection   about their personal views 
and behaviors (e.g., articulating personal statements of  hope   and  purpose   (Chap.   8    ), 
refl ecting on personal tastes for  food   (Chap.   21    ), and considering  empathy   in the 
context of  environmental justice   (Chap.   29    )). As a diverse and original collection of 
teaching resources, this volume will hopefully expand instructors’ use of methods 
that can catalyze students’ memorable A-HA! learning moments. More broadly, the 
signifi cant learning about environmental and sustainability issues that can be fos-
tered through the activities in this book will help advance David Orr’s “kind of 
education” that is needed now and well into the future.   

    A Shifting Paradigm Toward Learner-Centered Pedagogy 

 David Orr is not the only person who has called on educators to reconsider how they 
approach teaching. In a seminal article, Barr and Tagg ( 1995 ) emphasized the need 
to shift the focus of our educational paradigm from teaching to learning. They argued 
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that the dominant “teaching paradigm” (what Davis and Arend ( 2013 ) call the “lec-
ture paradigm”) is a teacher providing information to students (also see Fink  2003 ). 
In this context, Weimer ( 2002 ) noted that, historically, “most (educators) assumed 
that learning was an automatic, inevitable outcome of good teaching and so we 
focused on developing our teaching skills” (p. xi-xii), at the expense of considering 
whether the teaching was enhancing learning. A key limitation of this perspective, as 
she suggested, is that “the learning outcomes of teaching cannot be assumed or taken 
for granted” (Weimer  2002 , p. xi–xii). This is especially true for lectures, which—
while having some appropriate and necessary uses (see below)—are limited in many 
ways, especially their inability to foster the deeper, signifi cant learning and sophisti-
cated skills that most educators desire and students need (Ambrose et al.  2010 ; Davis 
and Arend  2013 ). This inability stems from a key concern that is intrinsic to all 
human learners: our naturally limited attention spans. Surely, all lecturers (including 
seminar speakers) have seen audience members (not just students!) nodding off or 
losing focus in the middle of a talk. (Even punctuating lectures with simple moments 
that engage the audience directly, like a question, can (re)capture attention.) Such 
limitations are revealed by research that has helped propel the shift toward a “learn-
ing paradigm” as called for by Barr and Tagg ( 1995 ). 

 Over the past two decades, the calls for pedagogical change have been increasing 
in number and urgency, catalyzed by improved scientifi c understanding about the 
nature of learning (Ambrose et al.  2010 ; Kober  2015 ). Insights from research help 
answer Weimer’s ( 2002 ) crucial question: “What do we know about learning that 
implicates teaching?” (p. xii). We now know that “learners need to be actively 
engaged in making meanings of new information and assimilating it into their own 
contexts” (Davis and Arend  2013 , p. 9). We know that “learning skills as sophisti-
cated as those needed by autonomous self-regulated learners do not develop simply 
through exposure to the content of disciplines. They must be taught ….” (Weimer 
 2002 , p. 16). In other words, we know that knowledge and skills cannot just be given 
to students; they must be developed by each student individually; this is the construc-
tivist view of learning (Bransford et al.  2000 ; Kober  2015 ). More than ever, we also 
know (based on quantitative evidence) that a diversity of pedagogical methods that 
actively engage students promote their learning and overall success better than lec-
tures alone (e.g., Freeman et al.  2014 ; Andrews and Frey  2015 ; Jensen et al.  2015 ). 

 In sum, the core conclusion from the still-evolving, but well-established, “ sci-
ence   of successful learning” (sensu Brown et al.  2014 ) is clear: learning is enhanced 
when learners participate in engaging activities rather than passively listen and take 
notes during a lecture. Active learning helps students build stronger mental  models   
to organize knowledge and facilitate its future application (Ambrose et al.  2010 ; 
Kober  2015 ). As presaged by Barr and Tagg ( 1995 ) in their description of a “learn-
ing paradigm,” the  purpose   of educational systems “is not to transfer knowledge but 
to create environments and experiences that bring students to discover and construct 
knowledge for themselves, to make students members of communities of learners” 
who are collaborating to help each other learn (p. 15). In other words, as empha-
sized by Bransford et al. ( 2000 ), “schools and classrooms must become learner- 
centered” (p. 23) (a phrase also used by Barr and Tagg ( 1995 ) and brought further 
into the spotlight by Weimer ( 2002 )). 
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 The shift to learner-centered pedagogy brings a set of crucial implications clearly 
into focus. First, as introduced above, it suggests the need to consider the construc-
tivist view of learning, which emphasizes that each person must identify and inter-
nalize all the “pieces” of information needed to build her own “puzzle” of 
understanding, make sense of it, and connect it to what is already known (Bransford 
et al.  2000 ; Kober  2015 ). Since the process is, at a fundamental level, neurologi-
cal—learning literally requires making neurons in the brain  fi re   and rewire to create 
new connections—teachers, ultimately, cannot force learning to happen in others 
(Brown et al.  2014 ). For learning to occur, students must decide that they want to 
learn and intentionally activate their brain cells (Handelsmen et al.  2007 ). Although 
instructors can help initiate this, learning is dependent on the learner’s willingness 
to purposefully engage (Blumberg  2009 ). In other words, “learning is not some-
thing done to students, but rather something students themselves do” (Ambrose 
et al.  2010 , p. 3). From this constructivist view, the primary (and ultimate) respon-
sibility for learning shifts to the student, giving deeper meaning to the phrase 
“learner centered”—the student’s brain is literally the center of the learning process 
(Weimer  2002 ). 

 Following from this constructivist view of learning, an additional implication is 
that students emerge more clearly as unique individuals (rather than blending 
together into a collective class) who have varied backgrounds, perspectives, and 
learning needs. For pedagogical practice, this insight raises several key issues relat-
ing to personal  refl ection   and metacognition (which relates to engaging students’ 
 affective   domain as introduced in the previous section). First, it may be helpful, if 
not necessary, to have students retrieve and explore their preexisting knowledge 
(Kober  2015 ). This can both remind them of what they have already learned (which 
serves as a basis for connecting and organizing new information) and expose gaps, 
possible biases, and misconceptions that may need to be changed so as to not inter-
fere with future learning (Bransford et al.  2000 ; Ambrose et al.  2010 ; Barkley 
 2010 ). In a more immediate time frame, asking students to refl ect on their own 
learning and understanding (e.g., what did you learn? what is its signifi cance? what 
are you unsure about?) can reinforce content and skills via retrieval practice and 
help them and instructors identify confusion and issues that need more attention to 
improve learning gains (Brown et al.  2014 , Kober  2015 ). Third, inviting students to 
refl ect on their own personal opinions and feelings (relating to any course issues 
including content and process, personal and societal relevance, and students’ dispo-
sitions) is important for helping them connect with course content, thus promoting 
more signifi cant learning gains (Fink  2003 ; Doyle  2011 ; Kober  2015 ). Further, ask-
ing students to share and discuss these refl ections with their peers creates powerful 
learning moments that are truly learner centered (while helping them recognize the 
diversity of experiences and views in a group). Fink ( 2003 ) suggests that students 
“need to spend time refl ecting on the meaning of the experiences and new ideas they 
acquire” if they are to become more adept at internalizing and making sense of 
information (p. 106). Such explicit metacognition is an important part of “helping 
people take control of their own learning” (Bransford et al.  2000 , p. 18), which 
should be a primary aim of learner-centered education. Overall then, the inclusion 
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of refl ective practice—about previous and new knowledge, feelings, and opinions—
is important and valuable for creating truly learner-centered classrooms. 

 A third implication of the learner-centered philosophy is that the roles of the 
instructor must be reconsidered. In context of the expectation that students are indi-
viduals who must construct their own knowledge and take more control of their 
own learning, educators become more responsible for instructing students what 
they need  to do  to learn, rather than strictly what to know. Weimer ( 2002 ) suggests 
that learner-centered teachers “position themselves alongside the learner and keep 
the attention, focus and spotlight aimed at and on the learning process” (p. 76). As 
such, they are guides of learning, helping students work through learning activities 
(Fink  2003 ; Blumberg  2009 ). Some teachers may feel uncomfortable with this 
shifting view if they perceive that their role is as a “content expert” who passes 
information on to students. However, as Doyle ( 2011 ) emphasized, “the role of 
teacher as expert does not change when moving from a teller of knowledge to a 
facilitator of learning. What changes is how this expertise is used” (p. 53). 

 The expertise of the instructor in a learner-centered classroom is applied to the 
 design   and implementation of learning activities that catalyze students’ learning 
(Weimer  2002 ; Blumberg  2009 ; Kober  2015 ). That is, instructors create and man-
age the situations in which students will do the work necessary to learn (Barkley 
 2010 ; Weston  2015 ). From the teacher’s perspective, this responsibility is naturally 
teaching centered: what do I, as the teacher, have to do? In this framing (which is 
needed at a practical level), it may be easy to lose sight of the students and their 
learning. Thus, as posed by Doyle ( 2011 ), the key learner-centered question for the 
teacher’s work is, “how will (my) instructional decisions optimize the opportunity 
for students to learn the skills and content of the course?” (p. 2). As refl ected in this 
question, the value of the learner-centered paradigm is that it continually—even 
forcefully—reminds educators to refocus on the ultimate goal of teaching: students’ 
learning (Box  1.1 ). Nonetheless, instructors retain critically important roles and 
responsibilities with this paradigm: they can and must still talk, sharing their expert 
knowledge and providing essential feedback. The key focus is for instructors to 
evaluate their activities in context of learning-focused questions: how will my deci-
sions and actions facilitate students’ learning? What can I ask students to do to 
discover information, construct meaning, and practice skills? What questions and 
guidance can I provide to help them  fi re   their own neurons and become more aware 
of their own thinking? In a learner-centered classroom, such questions are answered 
in ways that emphasize students’, instead of teachers’, responsibilities for doing 
more of the work required for learning. 

 Thinking of teaching as the process of designing “student-learning experiences” 
emphasizes another implication of the learner-centered view: a need for instructors 
to be more refl ective and intentional about what they and the students are doing and 
why, in part by identifying clear, explicit goals (Kober  2015 ). (This contrasts with 
the “teaching-paradigm” view in which relatively less planning is needed to create 
lectures and exams, and no consideration about what teachers and students will do 
is needed; teachers lecture, and students take notes and tests.) This need brings criti-
cal questions more clearly into focus: what is most important for students to know 

1 Learner-Centered Teaching for Environmental and Sustainability Studies



12

and why? What do they need to do to learn the chosen topics? What can students 
already do that will facilitate their engagement? What activities will best accom-
plish the learning goals? How can students show that they have achieved the goals? 
How can expectations be communicated to students more clearly? 

 Although specifi c answers to these questions are as varied as the courses in a 
college’s catalog, a general framework that can guide instructors’  refl ection   about 
and development of learner-centered courses and individual class meetings is that of 
“backward  design  ,” described by Wiggins and McTighe ( 2005 ). This “results- 
focused” (Wiggins and McTighe  2005 , p. 15) approach is learner centered, in part, 
because it emphasizes, as a fi rst step of designing learning experiences, the need to 
identify what students should be able to do after an activity is completed, i.e., the 
desired learning outcomes (also see Weimer  2002 ; Driscoll and Wood  2007 ; Doyle 
 2011 ; Davis and Arend  2013 ). Well-articulated outcomes should be written with 
precise verbs (e.g., explain, synthesize, create) to indicate the expected student 
actions that will demonstrate their learning and skill development (Kober  2015 ). 
(Such learner-centered outcomes differ from course- and content-centered ones 
often phrased as “this course will explore ….”) Even for basic knowledge gains (i.e., 
students should come to know something), outcomes should still be stated with 
active verbs (e.g., list, state, describe) rather than the vague construction of “stu-
dents will understand” which does not indicate precise learner-centered abilities. 

 Well-articulated learning outcomes serves several valuable purposes in a learner-
centered classroom. For instructors, they are guides within the backward  design   
approach for choosing and implementing teaching activities, including project 
assignments and exam questions. In this sense, outcomes help keep instructors 
“honest” about what they really intend for students to learn and do and serve as 
reminders to avoid extraneous, tangential topics and assignments that would not 
directly help students meet the outcomes (Kober  2015 ). (See Wiggins and McTighe 
( 2005 ) for a thorough overview of backward design which is outside the scope of 
this discussion.) When outcomes are shared with students, the verbs clearly com-
municate what is expected of them, thus focusing their attention and fostering moti-
vation (i.e., this is what I need to work toward). For both students and instructors, 
learning outcomes serve as guide posts to evaluate progress toward desired results. 
With clearly stated expectations in mind, instructors can focus on providing stu-
dents with more directed feedback. In turn, students have more context for interpret-
ing feedback. For instance, outcomes can be referred to when discussing why 
students received a certain grade or did not receive credit for an exam answer or part 
of an assignment (i.e., “you failed to meet this outcome; you could not satisfactorily 
do this”). Overall, developing and using learning outcomes are important within a 
learner-centered approach because they help keep instructors and students goal ori-
ented and focused on desired learning (Kober  2015 ). Their ultimate value was noted 
by Doyle ( 2011 ): “You cannot know if your time (teaching) was well spent if you 
don’t know what you wanted the students to learn” (p. 53). 

 A fi nal implication of learner-centered pedagogy is its ability to change the 
dynamics and  energy   levels of classrooms. When implemented, learner-centered 
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teaching activities often replace the one voice of the lecturer with the many voices 
of students. Rather than quietly taking notes, students are talking to each other while 
solving problems, debating issues, sharing refl ections, synthesizing information, 
and teaching each other. They are more likely to be interested, attentive, and moti-
vated (or at least focused on achieving an immediate goal such as completing a 
worksheet). With certain activities, they might even be having fun, unaware that 
they are learning. While students work, the instructor walks around the room, talk-
ing with individual students and groups to answer questions, provide guidance, and 
challenge them to think more deeply. Such interactions can lead to serendipitous 
moments of eye-opening learning (for students and instructors) that make class 
meetings gratifying—the kinds of informal but excellent learning that may not be 
catalyzed by lectures. For the instructor, such dynamics can reveal more about stu-
dents’ thinking than can be observed from the front of the classroom while giving a 
lecture. In sum, adoption of learner-centered pedagogy can increase the levels of 
inspiration, engagement, and excitement in a classroom, all of which make the edu-
cational experience more rewarding, enjoyable, and memorable for students and 
teachers alike.  

    Challenges and Trade-Offs of Learner-Centered Teaching 

 A primary goal of this volume is to provide resources that help instructors overcome 
some of the challenges (highlighted above) of adopting learner-centered pedagogy. 
However, having a collection of teaching activities is not a panacea for all the impli-
cations that accompany adoption of learner-centered educational methods. These 
implications include inherent challenges and  trade-offs   that are not so easily over-
come—in fact, using more teaching activities can increase these concerns. Most 
simply, sometimes activities just don’t work as well as envisioned and hoped, 
despite the best  design   and implementation efforts. In addition, three others will be 
discussed briefl y in this section: student participation and resistance, balancing the 
“content-class time” trade-off, and managing a (potentially) larger instructor work-
load. (See Weimer ( 2002 ), Blumberg ( 2009 ) and Kober ( 2015 ) for additional dis-
cussion of these and other concerns.) Highlighting such challenges and trade-offs is 
not intended to frustrate or deter readers from the learner-centered approach; rather, 
acknowledging them as legitimate and serious concerns should help readers con-
sider and implement the approach more thoughtfully and successfully. Critical, 
thorough, and honest consideration of challenges and trade-offs is needed to help 
prevent cynicism, burnout, and abandonment of the approach. Although the chal-
lenges of learner-centered education may cause teachers and students alike to, at 
times, clamor for the relative simplicity, familiarity, and ease of lecturing and note- 
taking (which may in some instances be justifi ed, see next section), I maintain that 
the challenges are not so severe that they provide just cause for disparaging the 
overall positive aspects of learner-centered approaches. 
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    Student Participation and Resistance 

 Although active-learning pedagogy can increase the probability of student success, 
their use cannot guarantee that all students will participate fully and/or achieve 
learning outcomes. An activity that engages some students may bore or stupefy oth-
ers (Weimer  2002 ). (Few things are as frustrating as seeing a great activity fall fl at 
because a particular group of students don’t do their part—especially when it has 
worked wonderfully with others.) A key challenge is helping students understand 
and accept—perhaps even support—the rationale for learner-centered pedagogy 
(Kober  2015 ). Clear  communication   about the rationale and goals for instructional 
decisions and activities may help achieve student buy-in (Weimer  2002 ; Blumberg 
 2009 ). Further, students should be continually reminded that the “responsibility to 
learn is theirs and theirs alone” (Weimer  2002 , p. 103–104) and that they must be 
critically engaged to achieve the learning goals. For example, on the fi rst day of my 
classes, I remind students that learning is, at a basic biological level, a process of 
making synapses among neurons in the brain  fi re  ; because I cannot enter their 
brains to make this happen, they are the only ones who can fi re their own synapses. 
My responsibility is to provide some of the “fuel for the fi re” that will help them do 
this, but neither I nor anyone can  make  them learn; they must  want  to learn and be 
motivated to take the appropriate steps to do so. Such introductory framing must be 
followed up throughout a course with pedagogical decisions that refl ect this rather 
than counter it. Otherwise, students may become comfortably, passively numb (per-
haps even cynical) and be resistant to an occasional learner-centered activity. 
Creating a truly learner-centered environment that overcomes initial resistance and 
frustration takes commitment, patience, and time from both instructors and students 
(Kober  2015 ). 

 Even with provided context and sustained use of learner-centered pedagogy, 
some students may remain resistant to doing more work in the classroom (espe-
cially if their other courses are lecture dominated). This is particularly true for 
students who have never been expected to take a more active role in their own 
learning or don’t take classroom activities seriously, viewing them as “busy work” 
that wastes time (Walker et al.  2008 ). (This challenge may decrease as more instruc-
tors, in high schools and higher education, use effective, well-designed active-
learning lesson plans.) A tough fact for teachers to accept is that it is not realistic to 
expect that all students will be excited and motivated by, and successfully learn 
with, all learner- centered teaching activities for various reasons, many of which are 
likely to be outside the teacher’s control. For example, in my introductory  ecology   
and evolution course, I try to use at least one active-learning technique in every 
class meeting (including ones that fi ll the entire session). Although these have 
engaged most students, a few have not participated fully, either doing the bare mini-
mum needed or nothing at all (including by missing class). In an extreme case, I 
confronted one such student, noting that he did not do well on the previous exam 
and was now not engaged in the learning activity. I don’t recall his exact response 
(he indicated that he was a philosophy major), but it was clear that he was not 
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amused by the course’s expectations for his active participation; after this, he did 
not attend class for the rest of the semester and ultimately failed because he did not 
withdraw. When faced with such cases, we should not let ourselves be haunted by 
failing to meet the “perfect standard” of engaging every single student in every 
activity; this is an unrealistic goal because we never will. In this context, key chal-
lenges are to remain focused on the positive aspects of our pedagogical choices; 
give attention to students who are engaged, motivated, and learning; and adjust 
activities as possible to increase the chances that they will be even more successful 
with more students the next time.  

    The Content-Class Time Trade-off 

 Although active-learning pedagogy can improve learning (e.g., Freeman et al. 
 2014 ), implementing it generally requires more class time than just having students 
take notes from lectures (which is attractive, in part, for its temporal  effi ciency   of 
“covering” a lot of content even if its learning effi ciency is not high—in one ear and 
out the other, as the cliché goes). As teachers know from their own education, con-
structing one’s own knowledge is a time-intensive process! Thus, the decision to 
allocate class time to activities, even relatively short ones, creates a challenging 
trade-off: if it takes longer for students to learn one topic via an activity, less time is 
available for other topics. The implication of this is that learner-centered class meet-
ings may include fewer content details in exchange for using activities that help 
students more deeply explore the most important concepts and overarching, orga-
nizing principles (which may ultimately be more important anyway for supporting 
course- and program-level outcomes, e.g., see Brewer and Smith  2011  for biology 
examples). A challenge for learner-centered teachers is becoming comfortable with 
this trade-off and thinking more critically about what content and learning outcomes 
individual class meetings (and a whole course) should include and exclude (as 
emphasized by Wiggins and McTighe’s ( 2005 ) emphasis on “big ideas” and “essen-
tial questions”; also see Kober  2015 ). 

 Does this trade-off imply that, if learning activities are used, students will inevi-
tably miss important basic content and that learner-centered classes will be less 
rigorous? No, not necessarily. Learner-centered instructors must emphasize more 
emphatically to students that they are responsible for acquiring important informa-
tion outside of class through readings, videos, and other projects (an approach now 
commonly known as the “fl ipped classroom,” e.g., see Jensen et al.  2015  and refer-
ences therein). (Of course, basic content can be introduced to students via in-class 
activities as well.) Providing students with learning outcome statements can help 
focus them on what they need to know. In addition, to ensure their engagement, 
students may need strong “encouragement” to engage outside of class through 
required, graded assignments that will hold them accountable (e.g., worksheets, 
written summaries, or quizzes). Subsequently in class, the information can be 
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reviewed, clarifi ed, and, more importantly, applied, synthesized, and evaluated as 
part of learning activities. This facilitates the shift of the instructor’s role from 
“teller of information” to “helper of information use and processing” and, in the 
context of assessing the work students do outside of class, “checker and enforcer of 
independent learning.” Although students may complain about or resist being 
“forced” to do such work outside of class (“this is in-class lecture stuff!”), such an 
expectation follows naturally from the learner-centered approach because they are 
given more responsibility for taking control of their learning. Of course, instructors 
can also be frustrated by unmet expectations and lackluster student performance. As 
noted elsewhere, the key challenge is to feel confi dent about the instructional 
approach and clearly communicate to students that the pedagogical choices have 
been made to increase the potential for their best learning.  

    Instructor’s Workload 

 Just as the out-of-class responsibilities for students become a more central focus in 
a learner-centered course, so does the instructor’s preparatory work. The challenge 
here is that the workload is likely to increase as compared to using a traditional 
lecture-dominated mode of pedagogy. Developing and implementing new activities 
and assignments that are critically aligned with learning outcomes—especially over 
a whole course—is not easy, as most teachers know well. (Recognizing that various 
ways exist to implement learner-centered teaching, the comments here pertain pri-
marily to the use of in-class learning activities that often—but not always—have 
students do work that creates tangible products such as answered worksheets or 
short writings.) In my experience, the challenges of increased time commitment 
arise from three main aspects of learner-centered pedagogy; although these may not 
universally apply to all instructors and activities, they exemplify  trade-offs   that may 
impact choices about how—and how often—to utilize teaching activities and asso-
ciated assignments. 

 First, in its full implementation, the learner-centered approach emphasizes the 
identifi cation of student-learning outcomes (see above). Choosing and articulating 
them for individual lessons and class meetings can be time-consuming because of 
the focused attention and critical  refl ection   needed for this work: answering the key 
questions, “what is it, really, that I want students to be able to do; why this and not 
that?”, is not always straightforward. In my experience, the process becomes much 
easier with practice, and once outcomes are identifi ed for a course, it take much less 
time to revisit and revise them in the future. Nonetheless, I have often been too busy, 
distracted, or—of course it happens—mentally tired to write learning outcomes for 
a particular class session or activity. Sometimes, I can sense my own confusion 
about the big-picture  purpose   of an activity or class session when explicit outcomes 
are not prepared; this refl ects their value for clarifying teaching and learning aims. 
(As such, explicit outcomes are provided for each chapter’s activity in this volume.) 
Although it would be ideal, expecting to always have outcomes to guide every 
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moment of teaching and student learning is not practical. However, this trade-off 
should not limit the use of engaging activities that can still foster learning even if 
they lack associated outcome statements. 

 A second key challenge for learner-centered instructors’ workloads is the time 
needed to prepare instructional materials (including those to guide students’ out-
of- the-classroom learning). In my experience, this is likely to be the biggest hin-
drance to moving away from lecturing because it is very diffi cult to fi nd or create 
new activities (especially high-quality ones that are aligned with outcomes) with-
out substantial preparation—the time for which is often not available in the few 
days (or—often for many instructors, including me!—the night) before a class 
meeting. The trade-off here is to simply accept that a lecture may have to suffi ce 
in such instances (but one that, hopefully, integrates at least some interactive 
moments to make it more engaging; see Kober ( 2015 ) and the general resources in 
Electronic Supplementary Materials- A  for some tips and techniques). To balance 
this trade-off, instructors could strive to choose a few class sessions in each course 
for which they begin planning learning activities weeks in advance. This may be 
easier said than done, but such efforts are needed to begin, and then iteratively 
continue, transforming courses to make them more dynamic (Blumberg  2009 ). On 
the upside, after an activity is used, it will be readily available for future use. In 
addition, more work is needed in the higher-education community to formalize 
and disseminate teaching resources (and create more peer-reviewed publication 
outlets for them). It is hoped that this volume will inspire such efforts which are 
invaluable for helping instructors overcome the frustrating prep-time challenge. 

 Finally, one key challenge that—unfortunately—cannot be so easily alleviated 
by past work and increased resource availability is the management of student- 
generated products that often accompany learner-centered activities (worksheets, 
 minute paper  s, etc.). This includes collecting, reviewing, and evaluating them, scor-
ing them as needed, and, as necessary and possible, providing students with feed-
back to guide their learning. For me, this is the most time-consuming, and sometimes 
tedious, aspect of taking the learner-centered philosophy to heart and implementing 
it as fully as possible (and I work at a smaller institution with most class sizes of 
10–30; this challenge certainly scales up proportionally with increasing roster 
lengths). If at least one learning activity is used for each class period (as I strive to 
do, in-class or assigned as preparatory homework), a lot of student products are 
generated quickly. In addition to using them as formative assessment to help keep 
my fi nger on the pulse of student learning, I also use these products to award “par-
ticipation points” (similar to attendance points but requiring that the students do 
something to show their engagement). Possible ways to alleviate this aspect of the 
workload, among others, are to not collect or score the student products, only review 
a sample of them, or simply check them as pass/no credit. More so than other chal-
lenges, decisions about how to manage the trade-off of student products with 
instructor workload are certainly an individual decision that depends on an instruc-
tor’s particular preferences and context; a magic formula doesn’t exist, and it may 
be necessary in some contexts to use learning activities much less than every class 
meeting to reduce this workload challenge. 
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 Being honest and refl ective about the challenges and  trade-offs   described above 
is a necessary step toward implementing an effective learner-centered teaching 
approach. Indeed, for each individual instructor, the biggest challenge may be the 
ongoing work of fi nding an individualized approach that “works”—that comfort-
ably resolves the many challenges in context of all the other demands on one’s time. 
I wish I could provide lots of specifi c, detailed advice about how to respond to the 
challenges described above, but I don’t think that’s remotely possible. I haven’t 
found solutions that are applicable across all my own courses and semesters (which 
vary widely), much less the unimaginable range of others’ situations. However, one 
critical piece of advice that is often emphasized, and I emphatically agree with, is to 
work slowly, incrementally, and iteratively rather than to try to transform all of a 
course’s class meetings to be learner centered all at once (Weimer  2002 ; Blumberg 
 2009 ). (Also see Chap. 6 in Kober ( 2015 ) for some general suggestions about 
responding to challenges.) Another key recommendation I can provide is to talk to 
colleagues about the day-to-day struggles of teaching; others can provide helpful 
advice, but if nothing else, it’s reassuring to discover that many of us face the same 
concerns and diffi cult choices. For instance, despite my commitment to the learner- 
centered philosophy, I sometimes struggle mightily to fi nd a good balance between 
implementing it strongly and maintaining a manageable workload. On some 
(many?) days, I daydream of assigning less work to students so that I would also 
have less to do. As I have been trying my best to create more and more learner- 
centered lessons in my courses, I often have to intentionally remind myself to 
remain committed to my core pedagogical beliefs while not feeling guilty when 
choices are sometimes made that reduce the overall learner centeredness of my 
teaching. As such, my best advice to others with similar concerns might be to not 
give up on learner-centered teaching even if it its associated challenges feel over-
whelming and trade-offs must be made that ultimately reduce the degree to which it 
can be adopted. In other words, it may be, in many instances, an honest and practical 
reality that “100 % learner-centered perfection” is an impossible dream. Of course, 
this doesn’t mean that it is not a wonderful dream or that continual attempts to 
achieve it should be avoided. Even adding one more engaging learner-centered 
activity to a course might make a positive difference for one student’s learning.   

    Concluding Comments and Refl ections 

    Learner-Centered Lecturing? 

 Taken to its extreme, the learner-centered philosophy suggests that lecturing 
(defi ned here strictly as continuous, one-way speaking by the instructor) should be 
completely abandoned (as many have argued in countless articles and online blogs). 
Is this necessarily true, even in the strongest of learner-centered classrooms? In my 
opinion, no—that’s an unhelpful suggestion. Lectures should be retained as part of 
learner-centered pedagogy if for no other reason than to add variety to the classroom 
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experience (active learning in every single class could be just as monotonous as 
100 % lecturing). Sometimes, a well-designed lecture can engage students very well 
(e.g., through captivating storytelling), focus their attention on key issues, convey 
enthusiasm for the subject, and illustrate (model) how a professional thinks about 
and organizes information (Bland et al.  2007 ; Kober  2015 ). For practical reasons, 
lectures may sometimes be needed when, for whatever reason, an alternative peda-
gogy isn’t available for a particular topic. Further, many ways to engage with the 
world outside of classrooms expect people to have critical listening and note-taking 
skills (legitimate outcomes in their own right) that can be practiced during class-
room lectures (Worthen  2015 ). For instance, many professionals attend seminars at 
conferences and work, where they are expected to pay attention to and learn from a 
speaker. Even listening to the news on TV, the radio, or a podcast exemplifi es “being 
talked at” as a way to gain information. Given this context, a key challenge for 
learner-centered educators is helping students learn how to learn better when listen-
ing to speakers, no matter how boring and ineffective it may seem (MacKeachie and 
Svinicki  2006 ). 

 A better (and more realistic) question about lecturing is when and how the tech-
nique can be used more effectively in a learner-centered context (e.g., deWinstanley 
and Bjork  2002 ; Bland et al.  2007 ; Malik and Malik  2012 ; Gregory  2013 ). Most 
likely, a learner-centered teacher will lecture more sporadically and for shorter 
durations, using presentations to frame, punctuate, and complement the fl ow of 
other activities, including to provide critical “just-in-time” introductory information 
and instructions (as is suggested by some of this volume’s chapters that provide 
example introductory presentations in the supplementary materials). At a minimum, 
pure seminar-style lectures can be made more interactive by embedding Socratic 
 dialogue   and short learner-centered activities within them (e.g., clicker or discus-
sion questions,  think-pair-share   moments; Gregory  2013 ; Kober  2015 ; see Electronic 
Supplementary Materials- A  for general resources that describe such methods). 
(Such mixed-method lessons might still be referred to as “lectures” refl ecting the 
varied ways the term is used; see Hora  2014 ). A key consideration is to identify 
when a straight lecture by itself will be insuffi cient to help students develop the 
critical skills identifi ed in learning outcomes; the student-centered verbs of out-
comes can be used to develop activities that interrupt the instructor’s talking and 
provide students with moments to do something other than listening and taking 
notes (e.g., explain, refl ect, synthesize, calculate; Kober  2015 ). Such simple adjust-
ments to facilitate students’ active processing of information and construction of 
their own understanding can go a long way toward shifting a classroom to be less 
lecture dominated and more learner centered.  

    Content of the Volume’s Chapters 

 Teaching activities can be presented in a variety of ways, ranging from very for-
mal and detailed to informal and brief; certainly, one “right” way does not exist. 
In some contexts (especially K-12 education), activities may have to be prepared 
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using standard “lesson plan” templates; other educators may use formats intro-
duced to them in their formal training. For publishing, journals and websites 
vary in their requirements. When developing this book project, I chose to start 
with an empty page and think about what I, as a practicing teacher, would want 
included in the description of a teaching activity. This  refl ection   guided my deci-
sions about the standardized outline for each chapter (with one activity per chap-
ter; an overview of each chapter’s structure is provided in Box  1.2 ). Without 
provided guidelines, contributing authors would surely have developed their 
chapters in widely divergent ways. Thus, to ensure coherence within the volume, 
all chapters are identically structured and have been edited for consistency in 
tone and style. Further, I felt that brevity should be a key point of editorial 
emphasis; this allowed more activities to be included in the volume and should 
increase their attractiveness (in terms of readability and ease of adoption) and 
probability of more widespread use. Trade-offs surely exist for these two deci-
sions, and some readers may be left wanting more or different information from 
each chapter. However, the information included in each chapter should provide 
the minimum information needed to make each activity “ready to go, right off 
the shelf.”  

    Assessment of Learning Outcomes 

 Assessment of student learning (i.e., evaluating student work to provide comments, 
assign grades, or for other purposes) is a critical part of teaching, especially in a 
learner-centered classroom, where feedback is viewed as essential for improving 
learning (Weimer  2002 ; Ambrose et al.  2010 ; Kober  2015 ). Yet, a section about 
assessment is not included in this volume’s chapters (Box  1.2 ). For better or worse, 
excluding assessment from the scope of each activity’s description was intentional. 
Assessment (or grading) is a complicated endeavor with many subtle issues (e.g., 
see Driscoll and Wood  2007  and Dirks et al.  2014 ). Philosophies and practices vary 
widely among instructors and across course contexts. For each of the activities in 
this volume, student engagement, achievement of learning outcomes, and associ-
ated products (e.g., completed worksheets) could be evaluated and scored in 
numerous ways (if this is even desired). Because this book’s  purpose   is to dissemi-
nate the activities which are, arguably, harder to devise, more space has been 
devoted to them at the expense of assessment and grading details which are left up 
to individual instructors to consider in context of their student populations, per-
sonal preferences, and syllabi. (As exceptions to this, some authors have suggested 
assessment (exam) questions or projects in the  Activities  or  Follow-Up Engagement  
sections and provided example rubrics for scoring some student products in the 
supplementary materials.)  
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   Box 1.2. Overview of Each Chapter’s Structure and Content 

     1.     Introduction.  This section frames the larger context for the activity, 
explaining its connections to environmental, societal, and student-learn-
ing concerns. For brevity, it neither serves as a comprehensive overview 
of all related issues nor provides a thorough literature review. Authors 
cited only the most essential, relevant references, especially ones that can 
provide additional foundational information to readers with diverse dis-
ciplinary backgrounds. The general nature of the activity is briefl y 
described so readers can start to envision its implementation. All chap-
ters’ introductions contain an explicit goal statement for the activity that 
speaks to the broader meaning, relevance, and implications of the 
intended student learning. Overall, each introduction frames the rationale 
and justifi cation for why the reader should want to have their students 
complete the activity.   

   2.     Learning Outcomes.  Each chapter includes a set of three to fi ve learning 
outcomes that the activity should help students achieve (see main text for 
context about outcomes). In true learner-centered form, outcomes are writ-
ten with students as the subjects (not the course, goals, or content), fol-
lowed by verbs that indicate what observable student actions would 
indicate learning gains (and can be assessed): “After completing this activ-
ity, students should be able to….” (This contrasts with the non-learner- 
centered emphasis in the phrasing “the goals of this activity are to….”) 
Outcomes can be examined to quickly evaluate whether the activity might 
support an instructor’s learning goals for a particular context. In addition, 
readers may discover that activities can be used to achieve other outcomes 
for other topics or goals not identifi ed in the chapter.   

   3.     Course Context.  This section describes the context within which the 
author(s) developed and used the activity. Such information may be help-
ful for evaluating the activity’s potential use, and possible needs for modi-
fi cations, in the reader’s teaching situation. For ease of reference, it is 
formatted as a bulleted list with the following information:

    (a)    Basic characteristics of the course for which the activity was designed, 
including topic, educational level, majors or general education course, 
and class size   

   (b)    Expected duration in minutes (minimum or a range) and number of 
class meetings needed for the full activity   

   (c)    Background knowledge or other preparation needed by students, if 
any   

   (d)    A note about whether the activity could be adapted to (or has been 
used in) other course and learning contexts.    

(continued)
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      4.     Instructor Preparation and Materials.  This section provides detailed, 
explicit, and precise guidance about what needs to be done before using 
the activity, as if it is the methods section of a scholarly research paper. In 
addition to basic preparation, most activities require that instructors review, 
and modify as needed for their own situation, resources that have been 
provided by the authors, such as student worksheets and example presenta-
tion slides. Preparation time varies among the activities and will in part 
depend on the instructor’s preexisting knowledge about the activity’s sub-
ject and desires to adjust the activity and provided materials.   

   5.     Activities.  In a step-by-step manner, this section describes precise instruc-
tions for both the instructor and students to complete the teaching and 
learning activities. From it, the reader should be able to clearly envision 
how the activity will proceed  before  implementing it (to facilitate prepara-
tion via “mental practice”). The detail and length of this section depend on 
the nature of the activity; as such, this section varies among the chapters 
more than other sections, with some using numbered or bullet-point lists 
for the steps. In all chapters, suggestions are provided for how instructors 
can guide students with background information, relevant summary talk-
ing points, clear instructions, and Socratic-style questions. This section is 
written for instructors; as relevant, some chapters provide separate instruc-
tions and worksheets in the online supplementary fi les that can be given to 
students.   

   6.     Follow-Up Engagement.  Suggestions in this section focus on how the 
activity’s topic can be explored further in diverse ways, either by extending 
the activity directly (e.g., with discussion questions) or through comple-
mentary tasks (e.g., out-of-class assignments). In many cases, the sugges-
tions could be adapted for formal assessment questions or projects (e.g., 
exam questions, essay prompts). To keep the chapters concise, the ideas in 
this section are presented as brief notes in bullet-list form and are not 
intended to be fully developed lesson plans or assignments; they serve to 
inspire readers to develop other teaching activities. When possible, other 
of the most relevant chapters in this volume are identifi ed to suggest com-
binations of activities that can facilitate synergistic learning.   

   7.     Connections.  These notes indicate relationships among the topics of the 
chapter’s activity and other environmental and sustainability study topics 
(especially those rooted in disparate disciplines). Sharing these connec-
tions with students can improve their abilities to synthesize information and 
create interdisciplinary mental  models   (which, as suggested by constructiv-
ist learning theory, can enhance their learning; e.g., Bransford et al.  2000 ; 

Box 1.2. (continued)

(continued)
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Ambrose et al.  2010 ). Other chapters in this volume that relate to the noted 
connections are highlighted to guide readers to additional relevant content 
and references.   

   8.     Electronic Supplementary Materials.  Contributing authors have been very 
generous in sharing resources associated with their teaching activities that 
enable their quick and easy adoption, including student worksheets, lists of 
additional background references, detailed instructor guides, example pre-
sentation slides, clickable links for online content (videos, articles), and 
answer keys. These materials are provided as electronic fi les on the chap-
ters’ websites which can be accessed from the book’s main website. (Note 
that some materials needed for the activities are from copyrighted sources 
(e.g., articles, images) and could not be reproduced for cost or other rea-
sons; their (online) locations or other information about how to access 
them should be indicated. However, if they cannot be found, please contact 
the author(s) or editor.)   

   9.     References.  For brevity, the reference list includes only core, essential ref-
erences and does not refl ect a comprehensive review of the chapter’s 
topic(s). Especially for those less or unfamiliar with the topic(s), the sug-
gested resources will provide foundational information to enable all 
instructors to gain the background knowledge needed to implement the 
activity. Many chapters list additional references in supplementary fi les to 
facilitate more in-depth exploration.     

Box 1.2. (continued)

    Peer Review of Teaching Activities 

 Higher-education professors are very familiar with the value and process of peer 
review for scholarly activity (e.g., for awarding grants and publishing articles). 
However, in general, instructors do not usually expect, or seek out, peer review 
of their teaching activities (unless these are formally submitted for publication, 
but it’s probably fair to say that those who have done this are a small minority—
one of the most common comments I received from authors was “I’ve never 
prepared a manuscript like this before”). Nonetheless, teaching activities can 
benefi t substantially from critical peer review, as the editing process for this vol-
ume revealed. (Each chapter was fi rst reviewed by two contributors of other 
chapters and the editor; subsequent reviews were made by only the editor.) The 
fi rst drafts of the contributions varied widely in their levels of development and 
overall quality (in terms of content, the activity itself, and writing). Reviewers 
provided valuable comments about ways to improve each activity and its 
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presentation in manuscript form; even the most straightforward ones and those 
with the highest-quality fi rst drafts were strengthened by feedback and revisions. 
The most common improvements were made regarding the clear articulation of 
learning outcomes; increasing the specifi city and explicit guidance in the descrip-
tions for how to prepare for and implement the activity so that all readers could 
understand it easily; and including a variety of topics and perspectives in the 
 Follow-Up Engagement  and  Connections  sections. Reviewer feedback some-
times provided new ideas for alternative approaches, new connections, or simple 
modifi cations to the activity that could enhance student engagement or deepen 
learning gains. Inevitably, such revisions led to stronger, more rigorous and 
sophisticated activities that are likely to be more successful at fostering student 
learning. 

 One of the most critical aspects of the peer-review process (and one that I espe-
cially emphasized as editor) was providing feedback to authors about how to better 
align all parts of their manuscripts and activities to enhance their internal coherence 
and focus. Ensuring that lessons have well-aligned goals, activities, and concepts is 
a challenging yet crucial part of teaching (as is emphasized in the backward  design   
approach described above; Wiggins and McTighe  2005 ). This is because, in part, an 
intentionally designed lesson with associated activities that clearly “make sense” 
allows students to easily see its logical organization and work in a more focused and 
enjoyable way toward achieving the outcomes (Bransford et al.  2000 ; Ambrose 
et al.  2010 ; Davis and Arend  2013 ; Kober  2015 ), rather than struggle as they try to 
fi gure out “what’s the point?”. Many chapters in this volume were signifi cantly 
improved with revisions that brought all the sections and aspects of the activity into 
better focus and alignment (e.g., by removing points and components that were 
tangential and irrelevant to the focal goals and outcomes and created confusion 
about the focus). Hopefully, as a result, both the writing and activities are much 
stronger overall. 

 Editing this volume has convinced me that the processes of writing manuscripts 
about teaching activities and peer-reviewing them are both enormously valuable. 
All teachers should devote more time to doing both because both can help instruc-
tors become more thoughtful and critical about their own pedagogy—which ulti-
mately makes them better teachers. With thoughtful review, all teaching activities 
can be improved—sometimes subtly, sometimes dramatically—to make them more 
coherent, rigorous, engaging, and, thus, effective. In turn, dissemination of highly 
polished, well-aligned, peer-reviewed teaching activities benefi ts the whole educa-
tional community by enhancing the pool of instructional resources that can be eas-
ily adopted. My personal perception is that the higher-education community in 
general—and the environmental and sustainability studies one especially—cur-
rently lacks suffi cient opportunities, outlets, and infrastructure to facilitate these 
processes. Hopefully, as the predominant educational paradigm continues to shift 
toward one focused on learning, more instructors will devote more attention and 
time to helping each other peer-review, improve, and share our learner-centered 
teaching activities.  
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    The Joy and Necessity of Learner-Centered Teaching 
for Environmental and Sustainability Studies 

 Although this chapter has highlighted some challenges of learner-centered teach-
ing, I  hope   it convinces you (if you weren’t already convinced) that, on balance, 
the approach benefi ts outweigh its costs, and the associated  trade-offs   are worth-
while to make. If any doubt or hesitancy remains, I hope that you will at least 
review and implement some of the wonderful activities in this book. They exem-
plify many of the benefi ts of learner-centered pedagogy, especially its enormous 
potential for fostering signifi cant learning outcomes. (I used several of them while 
fi nalizing the book with positive results.) Personally, I remain committed to this 
approach despite its challenges because of my many encouraging experiences 
with it, including hearing appreciative student feedback. One key benefi t that 
keeps me committed to it is the joy—the deep feeling of fulfi llment that comes 
with meaningful accomplishment—associated with creative learner-centered 
teaching and seeing students engaged in active learning (a point also emphasized 
by Davis and Arend ( 2013 )). 

 For teachers, joy can be enhanced by shifting from a teaching to a learning para-
digm (Barr and Tagg  1995 ) because of how the latter frames and informs the work 
of teaching (as reviewed above). Instead of lecturers (and maybe discussion lead-
ers), learner-centered instructors are designers of learning scenarios and inspira-
tional and motivating guides who assist and challenge students to learn deeply while 
completing learning activities (Weston  2015 ). Taking on these roles opens the door 
for instructors to create more unique, varied, fun, thought-provoking, exhilarating, 
memorable, and—ultimately—rewarding and effective teaching activities. Further, 
as students are working in the classroom, instructors can facilitate their serendipi-
tous A-Ha! learning moments through small-group and one-on-one discussions. 
Such interactions allow the observation of real-time student learning which yields 
smiles and genuine enjoyment from teaching. In my experiences, learner-centered 
pedagogies are much more likely than lectures to create such satisfying moments. 
Thus, using more of them can enhance the overall joy of teaching and generate more 
reminders about why educators love the teaching profession. 

 Similarly, learner-centered teaching activities can increase students’ enjoyment 
of learning experiences. This is because, as teachers know well, the work and 
outcomes of successful learning can produce joy, exemplifi ed by the pleasure of 
one’s “mental light bulb” going off from a new insight. (Whether or not students 
are refl ective and mature enough to recognize this type of joy in the moment is 
another question.) Since signifi cant learning (sensu Fink  2003 ) is facilitated by 
learner- centered pedagogies, they are more likely to cultivate joy than non-learner-
centered approaches. In part, this can be attributed to how they help create 
dynamic, energized classrooms that keep students awake, attentive, talking, writ-
ing, and thinking deeply and critically (rather than bored, drowsy, and distracted 
by their electronic devices, superfi cially listening and passively taking notes). 
Further, laughter and other positive social interactions can be wonderful results 

1 Learner-Centered Teaching for Environmental and Sustainability Studies



26

brought about by teaching activities, especially those arising from serendipitous 
and unique teachable moments. Although cultivating joy may not be a focal goal 
when designing teaching activities, their potential to do this suggests another valid 
reason to use them more often. Arguably, more joyful students are likely to be 
more interested, cooperative, and successful learners. 

 The abilities of learner-centered teaching to engage students point to their 
necessity for promoting excellent and joyful learning. Beyond this, the larger 
societal context of education should also guide pedagogical choices. In particu-
lar, the extraordinary environmental and sustainability challenges confronting 
humans around the world demand responses from educational systems (Orr 
 2004 ; MEA  2005 ). A fi rst educational response is to increase efforts to help stu-
dents more deeply construct transdisciplinary understanding of the diverse infor-
mation (vocabulary, principles, questions, etc.) within environmental and 
sustainability studies (as refl ected by the wealth of topics across this volume’s 
chapters). Further, a critical educational goal must be to help students improve 
the skills and mindsets that will enable and motivate them to become socially and 
environmentally responsible and engaged problem-solvers and citizens. In par-
ticular, capacities for critical self-  refl ection   are needed for them to recognize and 
honestly evaluate their own environmentally related beliefs, choices, and behav-
iors. Simply put, a teaching-centered paradigm is inadequate to achieve these 
crucial learning outcomes, especially given the high societal risks associated 
with failing to help students achieve higher levels of environmental literacy. As 
reviewed in this chapter, the best available scientifi c evidence indicates that 
learner-centered teaching approaches have higher effi cacy for helping students 
achieve long-lasting, meaningful, and signifi cant learning gains. In context of 
environmental and sustainability studies, a strong learner- centered teaching para-
digm is a necessity for helping students become highly knowledgeable and 
skilled sustainability leaders. 

 In sum, the future sustainability and well-being of humanity and the biosphere 
depend on the environmental and sustainability education community’s adoption of 
learner-centered pedagogies (Barr and Tagg  1995 ). The teaching activities in this 
volume aim to inspire and enable instructors from across disciplines and diverse 
teaching contexts to create more effective learner-centered classrooms that improve 
students’ environmental literacy. I  hope   they bring joy to you and your students as 
they help transform our education systems in ways needed to support humanity’s 
transition to a more sustainable future. 

           References 

           Ambrose SA, Bridges MW, DiPietro M, Lovett MC, Norman MK (2010) How learning works: 
7 research-based principles for smart teaching. Wiley, San Francisco  

    Andrews SE, Frey SD (2015) Studio structure improves student performance in an undergraduate 
introductory soil science course. Nat Sci Educ 44:60–68  

L.B. Byrne



27

     Barkley EF (2010) Student engagement techniques: a handbook for college faculty. Jossey-Bass, 
San Francisco  

         Barr RB, Tagg J (1995) From teaching to learning: a new paradigm for undergraduate education. 
Change 27:12–26  

     Bland M, Saunders G, Frisch JK (2007) In defense of the lecture. J Coll Sci Teac 37:10–13  
          Blumberg P (2009) Developing learner-centered teaching: a practical guide for faculty. Jossey- 

Bass, San Francisco  
            Bransford JD, Brown AL, Cocking RR (eds) (2000) How people learn: brain, mind, experience, 

and school. National Academy Press, Washington, DC  
     Brewer C, Smith D (2011) Vision and change in undergraduate biology education: a call to action. 

American Association for the Advancement of Science, Washington, DC  
      Brown PC, Roediger HL, McDaniel MA (2014) Make it stick: the science of successful learning. 

The Belknap Press, Cambridge, MA  
    Cardinale BJ, Emmett Duffy J, Gonzalez A, Hooper DU, Perrings C, Venail P, Narwani A et al 

(2012) Biodiversity loss and its impact on humanity. Nature 486:59–67  
    Carmi N, Arnon S, Orion N (2015) Transforming environmental knowledge into behavior: the 

mediating role of environmental emotions. J Environ Educ 46:183–201  
           Davis JR, Arend BD (2013) Facilitating seven ways of learning. Stylus, Sterling, VA  
    deWinstanley PA, Bjork RA (2002) Successful lecturing: presenting information in ways that 

engage effective processing. New Direct Teach Learn 89:19–31  
    Dirks C, Wenderoth MP, Withers M (2014) Assessment in the college classroom. Freeman and 

Company, New York  
           Doyle T (2011) Learner-centered teaching: putting the research on learning into practice. Stylus, 

Sterling, VA  
     Driscoll A, Wood A (2007) Developing outcomes-based assessment for learner-centered educa-

tion. Stylus, Sterling, VA  
           Fink LD (2003) Creating signifi cant learning experiences. Jossey-Bass, San Francisco  
     Freeman S, Eddy SL, McDonough M, Smith MK, Okoroafor N, Jordt H, Wenderoth MP (2014) 

Active learning increases student performance in science, engineering, and mathematics. 
PNAS 111:8410–8415  

     Gregory JL (2013) Lecture is not a dirty word: how to use active lecture to increase student engage-
ment. Int J High Educ 2:116–122  

    Handelsmen J, Miller S, Pfund C (2007) Scientifi c teaching. W.H. Freeman and Company, 
New York  

    Hora MT (2014) Limitations in experimental design mean that the jury is still out on lecturing. 
PNAS 111, E3024. doi:  10.1073/pnas.1410115111      

     Jensen JL, Kummer TA, Godoy PD (2015) Improvements from a fl ipped classroom may simply be 
the fruits of active learning. CBE Life Sci Educ 14:ar5. doi:  10.1187/cbe.14-08-0129      

                               Kober N (2015) Reaching students: what research says about effective instruction in undergraduate 
science and engineering. The National Academies Press, Washington, DC  

    MacKeachie WJ, Svinicki M (2006) MacKeachie’s teaching tips. Houghton Miffl in, Boston  
    Malik AS, Malik RH (2012) Twelve tips for effective lecturing in a PBL curriculum. Med Teach 

34:198–204  
    McBride BB, Brewer CA, Berkowitz AR, Borrie WT (2013) Environmental literacy, ecological 

literacy, ecoliteracy: what do we mean and how did we get here? Ecosphere 4:67, http://dx.doi.
org/  10.1890/ES13-00075.1      

   McNeil JR (2000) Something new under the sun: An environmental history of the twentieth- 
century world. W. W. Norton & Company, New York, NY  

    (MEA) Millennium Ecosystem Assessment (2005) Ecosystems and Human Well-being: Synthesis 
Report. Island Press, Washington, D.C.  

     Orr DW (2004) Earth in mind: on education, environment, and the human prospect, 2nd edn. 
Island Press, Washington, DC  

    Sapiains R, Beeton RJ, Walker IA (2015) The dissociative experience: mediating the tension 
between people’s awareness of environmental problems and their inadequate behavioral 
responses. Ecopsych 7:38–47  

1 Learner-Centered Teaching for Environmental and Sustainability Studies

http://dx.doi.org/10.1073/pnas.1410115111
http://dx.doi.org/10.1187/cbe.14-08-0129
http://dx.doi.org/10.1890/ES13-00075.1


28

    Shephard K (2008) Higher education for sustainability: seeking affective learning outcomes. Int 
J Sust High Educ 9:87–98  

    Vincent S, Bunn S, Sloane L (2013) Interdisciplinary environmental and sustainability education 
on the Nation’s Campuses 2012: curriculum design. The National Council for Science and the 
Environment, Washington, DC  

     Walker JD, Cotner SH, Baepler PM, Decker MD (2008) A delicate balance: integrating active 
learning into a large lecture course. CBE Life Sci Educ 7:361–367  

                      Weimer M (2002) Learner-centered teaching: fi ve key changes to practice. Jossey-Bass, San 
Francisco  

     Weston A (2015) From guide on the side to impresario with a scenario. Coll Teach 63:99–104  
    Wiek A, Withycombe L, Redman CL (2011) Key competencies in sustainability: a reference 

framework for academic program development. Sust Sci 6:203–218  
        Wiggins G, McTighe J (2005) Understanding by design, 2nd edn. Pearson, Upper Saddle River, NJ  
   Worthen (2015) Lecture me. Really. The New York Times.   http://www.nytimes.com/2015/10/18/

opinion/sunday/lecture-me-really.html    . Accessed 19 Oct 2015    

L.B. Byrne

http://www.nytimes.com/2015/10/18/opinion/sunday/lecture-me-really.html
http://www.nytimes.com/2015/10/18/opinion/sunday/lecture-me-really.html


   Part I 
   Conceptual Foundations and Frameworks        



31© Springer International Publishing Switzerland 2016 
L.B. Byrne (ed.), Learner-Centered Teaching Activities for Environmental 
and Sustainability Studies, DOI 10.1007/978-3-319-28543-6_2

    Chapter 2   
 Which Is Most Sustainable? Using Everyday 
Objects to Examine Trade-Offs Among 
the “Three Pillars” of Sustainability                     

       Corina     McKendry        

       Introduction 

 In everyday conversation, the term “sustainability” is used so frequently and in so 
many different contexts that, for some, it has lost precise meaning (Freyfogle  2006 ; 
Farley and Smith  2014 ). For others, the term signifi es “environmental sustainabil-
ity” and efforts to reduce the impact of human activities on the nonhuman world 
(see Caradonna  2014  for a useful discussion of the differences between sustainabil-
ity and environmentalism). Though common, this view differs substantially from 
the word’s meaning when it fi rst gained prominence in the 1980s, as world leaders 
tried to fi nd a workable balance between concerns about environmental degradation 
and the ability of people to meet their material needs (WCED  1987 ). Because of its 
conceptual fuzziness, everyone should carefully think about what they mean when 
they say something is “sustainable.” In an introductory sustainability studies class, 
students should become familiar with the assertion that sustainability must incorpo-
rate the “ three pillars  ” of social, economic, and environmental well-being. It is also 
important for them to understand the limitations of this conceptualization, particu-
larly the challenges in reconciling tensions among the “three pillars” (Gibson  2006 ; 
Kuhlman and Farrington  2010 ; Morrison-Saunders and Pope  2013 ; also see Chaps. 
  23     and   24     in this volume). 
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 The primary goal of the learning activity described below is for students to gain 
a basic understanding of sustainability that includes social, economic, and envi-
ronmental aspects. The secondary goal is for them to see the diffi culty of opera-
tionalizing this concept, especially when weighing potential  trade-offs   among 
these  three pillars  . To achieve these goals, students rank common household 
 objects   by what they perceive to be the most to the least sustainable and discuss 
their assumptions behind these rankings. Because the activity requires no student 
preparation, it works well at the beginning of a course or sustainability lesson. The 
activity’s small-group discussions also help students talk to each other, thus build-
ing a sense of collaboration and community. Although this activity has elements of 
an informal life cycle assessment and could introduce a formal life cycle analysis 
project, its main  purpose   is simply to introduce students to the concept and chal-
lenges of sustainability.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Explain the “three-pillar” concept of sustainability.  
•   Question their previous assumptions about the meaning of sustainability.  
•   Articulate their own analysis of why an object is or is not sustainable.  
•   Describe the diffi culty of weighing potential  trade-offs   among social, environ-

mental, and economic aspects of an object’s sustainability.     

    Course Context 

•     Originally designed as a lab activity for an introductory  engineering   and general 
education course and has been used in political  science   courses with 10–30 
students  

•   40 min (or longer with extended analyses and discussion) in one class meeting  
•   Requires no student preparation or background knowledge  
•   Adaptable to courses of any size     

    Instructor Preparation and Materials 

 To implement this activity, the instructor should be prepared, in the context of 
example  objects   and in a short summary lecture, to (A) explain the “three-pillar” 
conception of sustainability and (B) discuss the challenge of  trade-offs   when con-
fl icts or tensions arise among the  three pillars   (e.g., the benefi ts of affordable 
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necessities for low-income people may result in negative environmental conse-
quences). Brief descriptions and illustrations of the “three-pillar” concept can be 
found on the US  EPA   website ( u.d. ) and in the introductory chapter of Caradonna 
( 2014 ). Relevant perspectives are also provided by AtKisson ( 2013 ). See Kuhlman 
and Farrington ( 2010 ) for a useful critique of the “three-pillar” conception. 
Discussions of the challenges of trade-offs among the three pillars in the context of 
sustainable development can be found in Lele ( 1991 ) and Boström ( 2012 )). 

 In the classroom, a writing surface such as a chalk or dry-erase board is needed 
to record student groups’ sustainability rankings of the  objects   and the reasons for 
those rankings. Before class, the instructor should gather six to eight household 
objects that are likely to elicit a wide variety of initial, perhaps obvious and con-
fl icting environmental, social, and/or economic associations. For example, a  cell 
phone   may be seen as not environmentally sustainable because of the materials 
used to manufacture it and the growing problem of electronic waste. However, 
cell phones can be very valuable for improving banking and health care in devel-
oping countries, therefore contributing signifi cantly to social and economic sus-
tainability. Other objects and potential questions and  trade-offs   for each are 
suggested in Electronic Supplementary Material (ESM) A. Obtaining detailed 
information for each item is not necessary to successfully complete this activity. 
However, instructors who want to know as much as possible about their chosen 
objects can fi nd information on many common household products from the 
Worldwatch Institute ( 2004 ),   www.goodguide.com    , and   www.madehow.com    . For 
more detailed assessments of a smaller number of objects, see Pearce ( 2009 ) and 
Leonard ( 2011 ).  

   Activities 

 To begin, the instructor shows the  objects   to the students. Without any other prompt-
ing or discussion, the instructor asks them to individually rank the objects from the 
most to the least sustainable and write down their rankings. (This takes about 5 min.) 
Starting the activity without opening remarks is effective because an important 
aspect of the exercise is for students to realize that others may have very different 
ideas as to what objects are more or less sustainable. However, a brief introduction 
can be added based on the instructor’s preference and course context. As they are 
determining their rankings, students can be invited to come up to examine the 
objects more closely. After everyone completes their ranking, the instructor places 
the students into groups of three or four and instructs them to share their rankings 
and discuss the reasons for their choices. Each group should then use a process of 
 debate   and discussion to create one collective ranking of the objects. (This should 
take about 10 min.) 

 Next, the instructor asks a group to volunteer their ranked list of  objects  , writes 
this on the board, and then asks the group to explain the rationale for their decisions. 
These reasons should be recorded on a different section of the board. Depending on 
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how long the instructor wishes to spend on the activity, the group can explain the 
rank of each object or just those ranked most and least sustainable. Additional 
groups should be invited to explain their rankings and rationales, in turn, while the 
instructor records them on the board. This can be done for all groups or for as many 
as time permits or are needed to provide suffi cient information for the subsequent 
discussion. As more rankings and rationales are recorded, students will probably 
fi nd that other groups had very different rankings from their own, accompanied by 
compelling reasons for them. This is likely to cause group explanations and class 
discussion to shift toward more nuanced analyses about what makes something sus-
tainable. As potential debates emerge, the instructor can allow the discussion to 
proceed organically (allowing students to respond to points made by those in other 
groups) or guide it by pointing out notable talking points, as when one object is 
ranked as highly sustainable by one group and low by another. The instructor may 
also encourage groups to elaborate on their explanations by asking the class if any-
one agrees or disagrees with a particular criterion offered by a group. After the fi rst 
few groups have listed their sustainability rankings, the important element of the 
activity is not the rankings but the discussion of the criteria. If new criteria for sus-
tainability emerge from the discussion, the instructor should add these to the board. 

 In the author’s experience, the most common initial criterion students use to rank 
 objects   is their (presumed) environmental sustainability. They usually focus on 
whether the object is recyclable or reusable; some students will raise questions 
about the environmental impact of the production process. Even with this narrow 
view of sustainability, the divergent rankings quickly lead students to see that there 
are different ways of thinking about whether or not something is environmentally 
sustainable (e.g., is the spray bottle sustainable because it is reusable and mostly 
recyclable or is it not sustainable because it is made from plastic?). Depending on 
the class and students’ knowledge, some groups might raise points that address 
economic and social sustainability. If these aspects do not emerge from the discus-
sion, the instructor should ask questions to raise these issues (see ESM-A for exam-
ples). Either way, varied aspects of social and economic sustainability (and 
environmental as needed) should be emphasized to help challenge and deepen stu-
dents’ initial views. After discussing several examples of how the three aspects of 
sustainability (or lack thereof) and possible  trade-offs   among them can be seen in 
the objects, the instructor should present a short lecture on the “three-pillar” con-
ception of sustainability and its importance, providing summary points and refer-
encing the example objects and notes on the board as appropriate (see the references 
cited above for additional content and perspectives). 

 To conclude, the instructor can encourage students to offer additional examples 
of ways in which the  objects   may meet one or two of the pillars of sustainability but 
not another (e.g., natural play dough from the local, small  business   may be environ-
mentally and economically sustainable, but it is also very expensive. Who can afford 
this play dough? Does its expense make it less socially sustainable?). There is no 
need to come to defi nitive answers about these potential  trade-offs  . The goal is sim-
ply to help students recognize that, as important as the “three-pillar” understanding 
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of sustainability is, it can be hard in practice to balance and fi nd  synthesis   among the 
economic, social, and environmental aspects of sustainability.  

    Follow-Up Engagement 

•     These questions can be used to further examine the concept of sustainability:

 –    What does it mean for something to be “sustainable?”  
 –   What information about an object would you need to be more confi dent in 

your assessment of its sustainability? Do you think that information would be 
hard to get? Why or why not?  

 –   What are the relationships among environmental, social, and economic sus-
tainability? How do these  objects   show potential tensions among these  three 
pillars  ? What should be done if the three pillars of sustainability are in  confl ict   
with each other? How can they be balanced? What should be prioritized and 
why? (Also see Chaps.   23     and   24    .)     

•   Ask students to think of a brand-name  food  , personal care, or household item. 
Using the criteria and concepts that emerged from the activity, have them spend 
10 min writing about the sustainability of that item. Their analysis should include 
what they already know about the item (e.g., it is certifi ed  organic  ) and what they 
do not know (e.g., the working conditions in the manufacturing plant). Then, ask 
students to look up the item at   www.goodguide.com     and write a two-page  refl ec-
tion   on the provided information. The refl ection can discuss whether their 
guesses about the item in their initial writing match the information from the 
website, the ways that the item is or is not sustainable, any  trade-offs   among the 
 three pillars   they see in the item, and how these trade-offs could be balanced to 
make the item more sustainable. (See Chap.   22    , this volume, for a related 
activity.)  

•   The issues and questions raised in this activity can be revisited throughout a 
course. Asking students to refl ect on the exercise is particularly useful when 
other examples of  trade-offs   between the pillars emerge from course material or 
when students revert to using the concept of sustainability to mean environmen-
talism. This exercise can also be revisited at the end of a course to encourage 
students to think about how their understanding of sustainability has changed.     

    Connections 

•     This activity provides concrete illustrations that can be referred to when discuss-
ing many environmental and sustainability topics, including  economic growth   
and development, environmental policy,  energy   use, human health,  consumerism   

2 Which Is Most Sustainable? Using Everyday Objects to Examine Trade-Offs Among…
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and  advertising  , and  corporate social responsibility  . To this end, instructors may 
want to keep a permanent record of the board notes so they can be revisited later.  

•   For courses that include a more in-depth and extended life cycle analysis or sus-
tainability assessment, this activity establishes a useful foundation. For example, 
it can be used as a starting point for individual and group research projects in 
which students fi nd data and reports pertaining to sustainability assessments of 
the  objects   used in this exercise (see the  International Journal of Lifecycle 
Assessment , Klöpffer  2003 , and Chaps.   3    ,   22    , and   23     of this volume).  

•   This exercise can be referred to when  systems thinking   is discussed in a course 
in that it requires an examination of multiple multifaceted processes and the 
 complexity   of their interactions.        
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    Chapter 3   
 An Introduction to Systems Thinking Using 
Plastic Dinosaurs                     

       Laura     A.     Hyatt        

       Introduction 

 All the manufactured  objects   that surround us are the products of a complex set of 
interacting systems (Meadows  2008 ; Pearce  2008 ). The  raw materials   that are used to 
make these objects must be extracted, transported, and processed in  energy  - intensive 
ways. People who  design   these objects and work with machines to make them have 
resource needs derived from cultural systems that may be different from our own. 
Design elements are selected on the basis of economic considerations, aesthetic 
choices, and mechanical constraints. After use, many objects are disposed of in ways 
that may or may not recapture some of the materials and energy they embody. These 
diverse, interconnected systems need to be examined if we are to redesign them to 
maximize the  triple bottom line  s of environment, equity, and  economics   (Braungart 
and McDonough  2002 ; Leonard  2010 ; also see Chaps.   2    ,   23     and   24     of this volume). 

 The activity described below engages students in collaboratively constructing a 
 concept map   depicting the connections among many of the natural and human sys-
tems involved and resources used in the production of a common toy, a plastic dino-
saur. The choice of a plastic dinosaur is intentional, for it explicitly connects our 
manufacturing systems with nature’s carbon cycling system. The polymers in plas-
tics are derived from compounds in  petroleum   and natural gas (American Chemistry 
Council  2005 ), and the carbon in these  raw materials   was fi xed by  photosynthesis   
about 300 million years ago (before dinosaurs existed, roughly 200 million years 
ago). That carbon is now being returned to the atmosphere through industrial com-
bustion which is causing climate change. Thus, a toy representing an extinct animal 
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that is made using raw materials and  energy   derived from extinct plants and animals 
provides a focal point for introducing students to  systems thinking  . 

 As an introductory activity, this informal life-cycle assessment (Curran  1996 ) 
prompts students to begin to regard everyday  objects   as products of systems, all of which 
have impacts on the environment,  economics  , and human well-being. By encouraging 
students to deeply consider the interconnections that contribute to one manufactured 
object, this activity provides students with the tools to analyze and evaluate sustainabil-
ity challenges from a more holistic perspective. Further, it fosters collective learning 
because it draws on every student’s experience, knowledge, and understanding. It frames 
a system-focused course in sustainability very nicely because it has tremendous staying 
power; the dinosaur made of dinosaurs provides a concrete symbol that can be referred 
to again and again throughout the semester to foster deep and memorable learning.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Articulate a long list of interacting, overlapping systems and their parts that are 
involved in the manufacture of everyday  objects  .  

•   Trace the interconnecting paths taken by  energy  , people, and materials involved 
in manufacturing processes of common consumer products and their environ-
mental relationships.  

•   Approach new problems using critical  systems thinking  , especially with  respect   
to interacting systems.     

    Course Context 

•     Originally used for an introductory, college-level Introduction to Sustainability 
Studies course with 10–20 students  

•   20–120 min in one class meeting  
•   No background preparation is needed on the part of students  
•   It has been used in small groups for a municipal sustainability organization, at 

mixed-age elementary school Earth Day events and with large groups of high- 
school students for a day-long symposium on environmental sustainability     

    Instructor Preparation and Materials 

 Obtain a set of plastic toy dinosaurs, preferably with  packaging  , although one plas-
tic dinosaur will work. The instructor should become familiar with processes 
involved in plastic manufacture (ACC  2005 ), how carbon is fi xed by  photosynthesis   
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and released through cellular respiration (i.e., from a general biology textbook), and 
the creation and extraction of  fossil fuels   (USDOE  2015 ). 

 A large (at least 2 m 2 ) writing surface and markers are needed to help students visu-
alize the interconnections among the systems and materials that emerge from the con-
versation. A large chalk or whiteboard works well, although very large paper sheets 
and markers are useful to preserve the diagram long term. Good background reading 
on  systems thinking   (and associated key terms) for the instructor is provided in 
Meadows ( 2008 ). Leonard ( 2010 ) and Braungart and McDonough ( 2002 ) provide 
insights as to how our manufacturing and  supply chain   principles can be troublesome 
and articulate a vision of how they can be changed. These three references could be 
used as pre-activity or follow-up reading assignments to spark additional student learn-
ing and discussion. Additional background resources about life-cycle analyses and sys-
tems thinking are provided in Electronic Supplementary Materials (ESM) A.  

    Activities 

 The instructor opens the activity by displaying the toy dinosaur(s) and asking “What 
went into getting this plastic dinosaur into our classroom today?” A dinosaur can be 
drawn on the board as the starting point for an informal  concept map  . To encourage 
(or require) participation by all students, the instructor can invite everyone to write 
down fi ve answers to the question and then call on people to share their thoughts. As 
students make contributions, the instructor adds them to the concept map, connect-
ing resources to form interconnected systems. These maps can become very large 
and complex (see ESM-B for an example). If desired, instructors can invite students 
to use smartphones or computers to look up answers to questions that arise as the 
map is developed. The instructor’s role in this activity is as a guide, asking ques-
tions, urging participation, and scribing the ideas of the group. 

 It can be expected that, depending on their backgrounds, experiences, and per-
spectives, different groups of students will focus on different aspects of plastic- 
dinosaur production, leading to varied maps. In the author’s experiences, while 
some have focused on travel and transport, others were interested in the idea of a 
dinosaur as a toy. Other groups worried about materials and  packaging  , while others 
focused on embodied  energy   or on the workers whose lives intersected with the toy. 
Suggested avenues to encourage students to explore are provided in Box  3.1 . A key 
goal for the analysis is to include people, material resources, environmental 
resources, and the fl ow of money in the students’ considerations of the dinosaur. 

 At the conclusion of the students’ work, the instructor can help identify themes and 
wrap up the activity with guiding questions and reviewing key issues as needed. It is also 
helpful to look for patterns and themes, steering participants toward excitement about 
the connections and systems involved, and to avoid becoming overwhelmed with their 
sheer numbers. Toward the end of the class, the instructor can backtrack through some 
of the pathways the materials and  energy   have taken, highlighting common connections 
in the systems involved; part of the point of sustainability is that all of our systems are 
interconnected. Highlighting those connections during this activity can help students 
develop the habit of thinking about them throughout a course (and beyond). 

3 An Introduction to Systems Thinking Using Plastic Dinosaurs
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  Box 3.1. Questions to Consider About Plastic Dinosaurs and Suggested 
Answers 

     1.    Moving  objects  :

    (a)    Where are many plastic toy factories located?  Asia.    
   (b)    How did it get here from there?  Distribution centers, shipping vessels, 

tractor trailer trucks, toy stores, and cars.    
   (c)    What are they made of?  Plastic, metal, rubber, and glass.    
   (d)    Where do they get their  energy  ?  Electricity—   coal    /nuclear/natural gas/   oil    .    
   (e)    What kind of  packaging   is it sold in and how is that made?  Cardboard 

and paper from trees, shrink-wrap, and plastic from natural gas-based  
  synthesis     process; see  ACC ( 2005 ).    

      2.    Making  objects  :

    (a)    What is plastic made of?  Polymers made from    petroleum     and natural 
gas; see ACC reference.    

   (b)    How did this toy get its color or shape?  Molds for pouring melted 
plastic made elsewhere, inorganic pigments, and dyes with metal 
ingredients.    

   (c)    Where does  petroleum  /natural gas come from?  Middle East, Geology.    
   (d)    Where does the carbon in  petroleum   come from?  Photosynthesis/car-

bon fi xation.    
   (e)    Where did all the atoms inside this plastic dinosaur come from?  Big 

bang.    
   (f)    What are factory machines made of?  Cast metal.    
   (g)    Where does that material come from?  Mines, which require more 

machinery to extract.    
   (h)    Where does the  energy   to run the machines come from?  Coal, hydro-

electric, and nuclear power.    
   (i)    How does it get to the factory?  Consider    electricity     distribution grid 

infrastructure.    
   (j)    What will happen to this dinosaur when we are tired of it?  Landfi ll.    
   (k)    What might happen to the dinosaur once it reaches a landfi ll?  Might 

break into smaller pieces but no biodegradation will happen.    
   (l)    What about the  packaging   that the dinosaur came in and all the “extras” 

generated in manufacture (gas emissions, plastic fi lings, extra dyes, 
packaging parts, etc.)?    

      3.    People and  objects  :

    (a)    Who sold this item?  Consider minimum wage, labor laws, and 
vendors.    

   (b)    Who manufactured the item?  Factory workers, their needs.    

(continued)

L.A. Hyatt



41

 This activity could be used with larger classes (>20 students) in two ways. The 
class could be split into groups with each developing their own diagram, reserving 
time at the end of class to share and combine them. Alternatively, each group could 
complete the diagram but analyze the dinosaur with a different question such as what 
role did people play in making this dinosaur? Where and how was money exchanged? 
Where was  energy   needed? What natural resources were consumed? There will inev-
itably be overlapping among the groups, which can enhance the take-home message 
that “nothing is an island” and that each manufactured object embodies small bits of 
energy and materials from many overlapping and nested systems. 

       Follow-Up Engagement 

•     Ask students to refl ect on what they learned from the exercise, either orally or in 
writing.  

•   Have students independently create their own life-cycle assessment diagram for 
another common object, either assigned by the instructor or selected themselves, 
adding specifi c researched and quantitative details dependent on the focus of the 
course.  

   (c)    Who manufactured the tools to make the item?  More factories and 
manufacturing.    

   (d)    Who packaged the item?   
   (e)    What resources do they consume?  Food, water, electricity, heat, and 

transportation.    
   (f)    Who paid the people who made this item?   
   (g)    Who designed this toy?  Paleontologists? Artists?     

      4.    Why this object?

    (a)    What scientifi c discoveries occurred (when) to make us think of mak-
ing and using a dinosaur replica as a toy?  Concept of    extinction     devel-
oped by Cuvier in 1800s related to discovery of mastodons, considered 
heretical. Dinosaurs  per se  were not understood to be extinct reptiles 
as we know them now until the middle of the nineteenth century.    

   (b)    What is the message when a parent sends to a child when presenting 
this item as a toy (about nature,  imagination  ,  science  )?  Consider value 
of natural history and natural spaces in our lives and transmission of  
  values     from parent to child and child-to-child.    

   (c)    Why is this made from plastic and not some other material?  Durability, 
changes in technology,  etc.         

Box 3.1. (continued)
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•   Have teams of students invent a toy that could perform the functions of a plastic 
dinosaur, but be sustainable in its production, use, and disposal.  

•   If the students generate a set of themes, use them throughout the term as a tem-
plate to examine other topics and engage in other problem-solving activities.     

    Connections 

•     This activity is a simple version of a life-cycle analysis. It is helpful to remind 
students of this opening activity if this concept is addressed later in the term. For 
instance,  cradle-to-cradle design   principles involve reimagining the entire pro-
duction and disposal process. By analyzing existing production and disposal pro-
cesses, students should see a bigger picture of how they may be modifi ed. Labor 
practices and  fair trade    economics   are sometimes addressed in corporate respon-
sibility statements. This exploration of production makes these invisible issues 
more visible. (See Chap.   22    , this volume, for a related exercise.)  

•   Because it involves plastic and dinosaurs, this activity can introduce students to 
the carbon cycle,  fossil fuels  , and climate change and how these are connected. 
The environmental impacts of extractive technologies for fossil fuels can be inte-
grated into these discussions as well.  

•   Human factors play an important role in why we do things the way we do. 
Consumerism, satisfaction, and happiness are just as, if not more important, in 
driving our economy and how we elect to allocate our resources. (See Chap.   22    , 
this volume, for related topics.)        

  Acknowledgments   This activity was developed with the inspiration of Ralph Copleman, 
Executive Director of Sustainable Lawrence from 2006 to 2011.  
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    Chapter 4   
 An Introductory Examination of Worldviews 
and Why They Matter for Environmental 
and Sustainability Studies                     

       Loren     B.     Byrne        

       Introduction 

 A  worldview  —the set of beliefs,  values  , and attitudes inherent in every person—is a 
complex cognitive and  affective   lens through which a person sees and interprets the 
world, including human-environment relationships. Although worldview lenses may 
often be latent and unconscious, they exert strong (though not exclusive) infl uence 
on people’s decisions and behaviors (Newell et al.  2014 ). Examining worldviews—
what they are, how they’re formed, and their implications—is relevant to environ-
mental and sustainability studies, in part, because divergent worldviews create 
 confl ict   about environmental problems and solutions (Hedlund-de Witt  2012 ). For 
example, whether or not a person accepts scientifi c evidence about anthropogenic 
climate change—and supports actions to do something about it—is often determined 
more by political beliefs than the evidence itself (Joyce  2010 , Kahan et al.  2011 ; also 
see Chap.   39     of this volume). Understanding the myriad dimensions of worldviews 
and their diversity within and between  cultures   (e.g., Hedlund-de Witt et al.  2014 , 
Saucier et al.  2015 ) is important as a means to break down  stereotypes  , better under-
stand the roots of disagreements, and (hopefully) more successfully cultivate the 
 respect  ,  compassion  , unity, and constructive civil  dialogue   needed to fi nd common 
ground, compromise, and make positive changes for a more sustainable society and 
environmental outcomes (e.g., Chaps.   19     and   29     of this volume). 

 To this end, the activity described below introduces students to worldviews and 
their links to environmental and sustainability issues through informal, open-ended, 
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exploratory  dialogue  , catalyzed by the examination of four individuals’ hypothetical 
worldviews as playful case studies. The activity’s goal is to help students realize that 
everyone has a unique  worldview   that emerges from personal experiences, such that 
we should resist temptations to make assumptions about them or judge them too 
quickly. As a simple introductory activity, it can be adapted to align with instructors’ 
backgrounds and course goals and can be expanded with instructor’s in-class guid-
ance to include discussions about related issues (e.g.,  stereotypes  , prejudice,  empa-
thy  , cultural diversity, public debates) that may arise when analyzing personal 
concerns such as beliefs,  values  , and experiences in a social-environmental context.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Describe what a  worldview   is and its many dimensions.  
•   Ask questions that help reveal dimensions of a person’s  worldview .   
•   Discuss how worldviews infl uence people’s environmental and sustainability 

perspectives.  
•   Explain why examining worldviews is a valuable part of environmental and sus-

tainability studies.  
•   Refl ect on one’s own  worldview   and the factors that have shaped it.     

    Course Context 

•     Developed for an introductory-level general sustainability studies class with 
15–30 students from diverse majors and all class levels  

•   20–25+ min in one class meeting  
•   No student preparation or background is needed; a brief instructor-led introduc-

tion can be provided, and if desired, students could be asked to do a preparatory 
reading  

•   Adaptable for use in classes of any size and can be extended to 50+ min by 
including more in-depth content, analysis, and discussion     

    Instructor Preparation and Materials 

 The instructor should be comfortable with introducing the concept of worldviews 
(including providing a defi nition such as those in Electronic Supplementary 
Materials (ESM-A)) and guiding students in a brainstorming exercise to (1) list their 
major thematic components, (2) discuss factors that infl uence them, and (3) explain 
how they relate to environmental and sustainability issues. As presented below, the 
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activity asks students to contribute information about these three issues, so the 
instructor should be open to integrating many different student responses into the 
discussion. (For this  purpose  , a chalkboard or whiteboard, or other writing surface, 
is needed in the classroom to record student contributions.) However, it may be 
helpful to prepare an outline of key points that the instructor wishes to emphasize 
and can use to fi ll in the discussion as needed. Some basic information is suggested 
in the Activities section below and in ESM-A. Recommended background articles 
include Koltko- Rivera ( 2004 ) and Hedlund-de Witt ( 2012 ) who provide introduc-
tory overviews, Saucier et al. ( 2015 ) who report results and  belief   statements from 
a global-scale survey of worldviews that provide helpful context, and Newell et al. 
( 2014 ) who discuss worldviews in relation to environmentally related decision-
making and behaviors. For those who wish to adapt the activity with more content, 
formality (e.g., using more organized frameworks), or specifi c information (e.g., 
published data or case studies), the articles cited above and additional ones listed in 
ESM-A can be consulted for more information. In addition, a set of presentation 
slides that can be used (or adapted as desired) to introduce worldviews (including a 
simple conceptual framework on slide 8) and guide discussion during and following 
the activity is provided in ESM-B (expanding discussion using all the slides can fi ll 
a 50-min session). 

 The materials needed are (at least) four pairs of “funny eyeglasses” for students 
to wear; in the activity, these provide a physical representation of the metaphor that 
a  worldview   is a “lens” that a person looks through. Such inexpensive glasses are 
often in the toy and party sections of dollar and other discount stores, but fi nding 
used ones or borrowing them would align better with sustainability  values  . Possible 
types to obtain include giant “clown” sunglasses, those with eyes that droop down 
on springs, any that have funny or scary eyes as lenses, and “nerd” glasses with 
thick lenses (see a photo of examples in ESM-C). In the author’s experience, such 
funny glasses engage students because they are unexpected, engender laughter, and 
create a lighter classroom atmosphere (perhaps balancing seriousness of the sub-
ject); however, inexpensive standard reading glasses could be used to make the 
same points. 

 Alternatively to using purchased, manufactured glasses, the instructor could ask 
students to create their own “funny” eyeglasses using recycled or reused materials 
and unique designs. This would make the activity more learner centered, add addi-
tional dimensions to the discussion (e.g., we each construct our worldviews using 
information from our environments), and allow all students to wear glasses during 
the discussion. (It also reinforces sustainability  values   by avoiding the use of con-
sumer “stuff”; however, using mass-produced glasses could catalyze discussions 
about this issue to enrich the lesson.) This option may work well in large classes in 
which the activity is adapted for use in small discussion groups, creating a need for 
more glasses. 

 Finally, the instructor is encouraged to review the activity description below and 
refl ect on how it might be tailored to her specifi c teaching situation, preferences, 
and student population. In particular, the framing of creating hypothetical identities 
might be approached differently with more diverse populations and advanced 
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classes (e.g., in environmental  psychology  ,  sociology  , or anthropology) than at an 
introductory level focused on general sustainability in a less diverse class. Because 
worldviews are complex and individualistic and relate to examining people’s per-
sonal, sometimes private, characteristics and identities, discussing them in classes, 
especially in an informal, open-ended way as suggested below, may carry some risk 
of bringing forth sensitive topics and perspectives. As such, preparing for the lesson 
should include considerations of how to (1) avoid reinforcing  stereotypes  , (2) not 
allow any prejudiced statements to go unquestioned, and (3) overall, ensure all stu-
dents will feel comfortable participating in the conversation. However, in the 
author’s experiences using this as an introductory activity over six years, no con-
cerns or unwanted complications have arisen; rather, it has consistently yielded 
engaging, thoughtful, and productive conversations that informed further conversa-
tions throughout a course.  

    Activities 

 The instructor should introduce the topic of worldviews as desired depending on the 
nature of the course and its goals, the placement of this activity within a larger lesson, 
and students’ educational level(s). (The author has provided a very brief introduction 
and defi nition (see slides 3–5 in ESM-B) and then used the activity to catalyze a 
student-centered discussion to examine details.) The instructor then asks for four 
volunteers (or more as desired) to line up in front of the whiteboard/chalkboard. 
(It is up to the instructor whether or not to say why the volunteers are needed; the 
author chooses not to so it is a surprise.) These students will be given hypothetical 
“identities” and worldviews using the following steps. 

 The instructor asks the rest of the class to suggest possible categories (or themes) 
of  worldview   components and/or factors that infl uence a worldview. (In the author’s 
experience, listing components, infl uences, or both will yield a similar discussion 
and learning outcomes. It may be diffi cult to disentangle them and is not necessary 
for purposes of this brief activity but can be done to more formally structure the 
discussion if desired.) Common responses may include religious beliefs, ethnicity, 
hometown, family size, education level, and career, but students should be encour-
aged to brainstorm as many as possible including less familiar and obvious ones 
(e.g., views about  citizenship   rights and responsibilities). The instructor should then 
guide students to choose (collectively or via individual requests) four or fi ve (or 
more) component/infl uence categories from among the student-generated ideas 
(and instructor-contributed ones as needed) that will be written in a vertical list on 
the board. 

 Next, this list is used to create a hypothetical (and partial) “identity” for each 
volunteer by asking the class to provide a specifi c characteristic for each of the 
 worldview   categories for each volunteer, while ensuring a diversity of traits is pro-
vided among the identities for each category. Each characteristic is written on the 
board to create an “identity” list for each volunteer. (See Table  4.1  for examples and 
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ESM-C for a photo of an in-class result.) This could be done category by category 
or person by person. If the latter, students should be encouraged to avoid creating 
stereotyped identities in favor of creating unique, somewhat unpredictable combi-
nations of traits for each individual. Key talking points that can be brought forth 
after this step include (1) recognizing that worldview components and factors infl u-
encing them are numerous and diverse and that (2) because each person has a unique 
background (i.e., set of experiences and context for his or her life), it can be argued 
that everyone develops and possesses a unique worldview, aspects of which may not 
always follow from preconceived  stereotypes   (e.g., the notion of Republicans who 
“hate” environmental causes can be challenged by examples of those who have pro- 
environmental stances).

   For these two brainstorming steps, allowing open-endedness and randomness is 
acceptable and can lead to serendipitous talking points, unexpected and unusual 
combinations of “identity” characteristics (that may even seem implausible), and 
benefi cial teaching moments and insights, alongside cultivating a learner-centered 
classroom. However, as the instructor feels necessary and comfortable, the activity 
can proceed with stronger instructor-led guidance toward preselected choices that 
result in more intentional results (e.g., to highlight or avoid certain issues). 

 Once the volunteers’ “identities” are established, the instructor hands each vol-
unteer one of the funny eyeglasses to put on (or asks them to put on the ones they 
made) and explains that these lenses represent the holistic  worldview   that arises 
from each individuals’ set of characteristics listed on the board (see photo in  ESM-C). 
To foster class discussion, the instructor can ask the class to (1) summarize and 
synthesize the overall nature of each volunteer’s “identity,” (2) compare and con-
trast them, and (3) hypothesize how the components/infl uences might (hypotheti-
cally) individually and collectively affect the lens (glasses) that the person is looking 
through and (4) how that could impact their perspectives on environmental and 
sustainability issues. (In ESM-B, slides 10–14 pertain to relationships between 
worldviews and environmental issues.) Alternative interpretations should be asked 
for to emphasize that there may be multiple possibilities and that we should resist 
temptations to make simplistic assumptions about a person’s views based on known 
or perceived characteristics. To this end, it may be prudent to suggest to students 
that it’s ok to answer questions with “I don’t (or can’t) know” and honestly admit 
that “it’s impossible to know what a person would think because we haven’t lived 
her life.” Related to this, these discussion questions could be posed: what additional 
information would you like to have about each of these people? How would you ask 

   Table 4.1    Example of list of  worldview   components/infl uences and hypothesized identities for 
two student volunteers   

 Worldview component/infl uence  Volunteer 1 “identity”  Volunteer 2 “identity” 

 Age  26  55 
 Religion  Christian  Buddhist 
 Hometown  New York City  Nepalese village 
 Environmental ethic  Ecocentric  Anthropocentric 
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them about their views in civil, nonjudgmental, and nonthreatening ways? In an 
iterative way, throughout the  dialogue  , the instructor could ask the simple questions 
“Why? In what ways? What makes you say that?” to bring forth more critical  refl ec-
tion  , discussion, and analysis that help deepen students’ insights. 

 In this activity, the glasses provide a concrete visualization of the abstract  world-
view   concept. To utilize them further, the instructor can ask the volunteers to take off 
their glasses, switch them, and comment on how the “world” looks different without 
any glasses and then through the lenses of someone else’s worldview (i.e., based on 
the “identities” on the board that accompany each set of glasses; again, this is not to 
suggest that we can “know” or should assume what it is like to look through some-
one else’s views; in part, the point is to recognize that we really can’t do this easily 
if at all). This “changing of one’s lenses” can help make the point about the value of, 
fi rst, recognizing that we have a worldview that colors our own outlooks and, sec-
ond, trying to step outside our own worldviews to try to understand others’ points of 
view (i.e., developing  empathy  , walking in others’ shoes). A summative question to 
follow from this might be, why can it be helpful to identify it  characteristics of a 
person’s worldview when discussing environmental and sustainability issues with 
them? Further talking points to consider include the more that we recognize how our 
own and others’ worldviews frame and limit our perspectives and hinder openness to 
new ideas, the more likely we might be to understand, navigate, and overcome the 
fundamental root causes of our differing perspectives—and perhaps even fi nd com-
mon ground. Such outcomes cannot be guaranteed of course; deconstructing world-
views might also risk infl aming tensions and disrespect. However, the more we can 
see each person’s worldview and identity it as a complex whole with a diverse range 
of interacting ideas that emerges from a unique set of experiences, the more we 
might be able to understand a person’s views and productively engage her in civil 
 dialogue   about environmental and sustainability problems and solutions. 

 Hopefully the activities and discussion above cause students to begin to refl ect 
on their own worldviews. Instructors could facilitate this throughout the discussion 
by asking them to share refl ections about their own beliefs,  values  , and attitudes 
and what has infl uenced them. As desired and time permitting, a valuable way to 
ensure this outcome is for students to write a brief statement about their own world-
views (i.e., a  minute paper  ) and then share refl ections with the whole class. They 
could be asked to focus on the list of categories on the board or describe how a 
specifi c topic in the course (e.g., previewing a topic for a future class) appears 
through their  worldview  .  

    Follow-Up Engagement 

•     Additional discussion can be fostered with these questions:

 –    In sum, why are there so many diverse beliefs and worldviews in society? 
Given the diversity of worldviews, how can we engage in constructive  dia-
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logue   to promote sustainability? (These are included on slides 15 and 16 in 
ESM-B.)  

 –   What are the dominant infl uences on and beliefs within a  worldview  ? How 
will these vary across people, space, and time?  

 –   Is it possible for two people to share (nearly) the same  worldview  ?  
 –   Can a person’s  worldview   change over time? Why might it?  
 –   How and why might some people’s worldviews cause them to not accept envi-

ronmental problems as true or serious?  
 –   Can someone’s  worldview   (or parts of it) be wrong? Are all worldviews valid?     

•   Have students examine quantitative analyses (e.g., Saucier et al.  2015 ) and narra-
tive, fi rst-person descriptions (e.g.,  TIB n.d. ) that reveal people’s diverse world-
views, possibly focusing on dimensions that were identifi ed in the class activity.  

•   Assign students a more in-depth, formal writing assignment in which they 
explain major components of and infl uences on their own worldviews (e.g.,  TIB 
n.d. , Jurin and Hutchinson  2005 ).     

    Connections 

•     Throughout a course, ask students to analyze a topic from diverse worldviews 
(i.e., by changing the lenses they’re looking through; see Chaps.   29     and   39     of this 
volume).  

•   When introducing scientifi c thinking and/or principles, compare and contrast 
scientifi cally informed worldviews with those based on religious or other  belief   
and value systems.  

•   Ask students to read diverse texts about a controversial environmental topic that 
reveal divergent opinions and speculate on the components of the authors’ world-
views that infl uenced their assumptions and conclusions about the issue (e.g., 
Chaps.   36    ,   37    , and   41     of this volume).  

•   The issue of worldviews can be discussed in context of disciplinary topics from 
environmental  psychology   (e.g., why our behaviors may not align with aspects 
of our beliefs and  values  ),  economics   (e.g., an unquestioned  belief   that  economic 
growth   is good), and communications (e.g., strategies for effective interpersonal 
and intercultural  dialogue  ).         
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    Chapter 5   
 Building Resilience: Modeling Resilience 
Concepts Using Legos                     

       Courtney     E.     Quinn      and     John     E.     Quinn        

       Introduction 

 A simple defi nition of  resilience   is the ability or capacity of an object, individual, or 
 system to recover from pressure, change, a challenge, or  disturbance  . Studies of resil-
ience focus on individuals,  social systems   (e.g., cities), ecosystems (e.g., lakes), and 
coupled social–natural systems (Duckworth et al.  2007 , Liu et al.  2007 , Scheffer et al. 
 1993 , Stone-Jovicich  2015 ). For example, diverse farming systems are suggested to be 
more resilient than monocrops because they are less sensitive to fl uctuations in climate 
and economic markets (Lin  2011 ). Resilience provides a model to understand changes to 
human and natural systems and for redesigning current, and creating new, institutions and 
ecosystems. Importantly, resilience is applied across disciplines and thus serves as a uni-
fying concept in the study of human–environment relationships and their sustainability. 

 The activity described below engages students in thinking about resiliency by 
constructing  models   using toy building blocks (e.g.,  Legos  ). It was inspired by a 
passage in Andrew Zolli’s book  Resilience :  Why Things Bounce Back  ( 2012 ), in 
which he discusses characteristics of resilient systems (e.g., modularity and  redun-
dancy  ) and how to bolster resiliency of systems by allowing systems to reorganize 
in the face of stress and perturbations. He suggests that “…reorganization [of sys-
tems] is made feasible by certain structural features of resilient systems. While 
these systems may appear outwardly complex, they often have simple internal 
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 modular structure with components that plug into one another, much like Lego 
blocks, and- just as important- can unplug from each other when necessary” (p. 11). 

 The goals for this learning activity are for students to construct and explain a 
physical model (with  Legos   or similar building blocks) that demonstrates their 
understanding of the traits and characteristics of resilient systems. By doing so, they 
should gain a greater conceptual understanding of  resilience   while also creating 
concrete mental  models   of resilience concepts to reference in future work.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Defi ne “ resilience  ” and provide examples related to individuals and social– 
ecological systems.  

•   Explain key concepts of  resilience.    
•   Apply  resilience   concepts to build a model using toy building blocks that they 

can explain and defend.  
•   Compare and contrast building-block  resilience    models   with individual, social, 

and ecological examples.     

    Course Context 

•     Developed for an undergraduate sustainability  science   course for 15–20 students  
•   30–45 min in one class meeting  
•   Before the activity, students read provided material (depending upon course 

topic) and/or should be provided some background about  resilience    
•   Adaptable to courses with 5–30 students and any course level that includes a 

discussion of  resilience  . Can be modifi ed for longer or shorter durations depend-
ing upon student ability, engagement in activity, or available class time     

    Instructor Preparation and Materials 

 To complete this activity, the instructor should be able to explain and discuss concepts 
of  resilience   and facilitate students’ creative thinking on resilience concepts (see 
Box  5.1  for brief overview of concepts and Electronic Supplementary Materials 
(ESM-A) for background and readings). The instructor may want to prepare a lecture 
to precede the activity and assign readings based upon the focus and level of the class. 
For example, Holling ( 1973 ) is considered a classic introductory paper; it may not be 
suitable for introductory classes but should be reviewed by the instructor for back-
ground and would be suitable for upper-level or graduate classes. Fazey et al. ( 2007 ) 
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review resilience in social–ecological systems. Folke et al. ( 2010 ) review the history of 
resilience and present multiple applications in social–ecological systems. In addition, 
the Stockholm Resilience Center ( n.d. ) has a clear summary and video at their 
website. 

 This activity works best as a culminating activity to apply and connect key con-
cepts and test students’ understanding of them. The materials needed are a large 
bucket of toy building blocks (e.g.,  Legos   or similar generic ones); the more and 
diverse the pieces, the better. The authors have successfully used a two-gallon 
bucket full of Legos for 15 students. Building blocks can be obtained cheaply at 
garage sales, thrift stores, etc., or even borrowed from a neighbor. Examples of 
 models   are shown and described in ESM-B.  

    Activities 

 The activity starts with the instructor standing with a large tub of building blocks at 
the front of the room. The blocks may be left out during class lecture or discussion, 
but to build anticipation, do not tell students what they are for. To frame the activity, 

     Box 5.1. Characteristics of Lego Models That Refl ect Resilience in Systems  

 Characteristic or 
related concept  Model applications 

 Grit  The ability to continue on in an activity despite obstacles 
(Electronic Supplementary Materials (ESM-B, Photo 1) 

 Redundancy  Having  three pillars   hold up a second level when only two are 
needed 
 Easy to remove one Lego and replace it with another without 
structure falling over 
 To increase  redundancy   building walls, have  Legos   overlap 
rather than stand in a single tower (ESM-B, Photo 2) 

 Alternative stable state
s/ thresholds/  hysteresis 

 Thresholds: How many 2 × 2 bricks can you stack before it falls 
over? 
 Alternative stable states: Can any blocks or parts be rearranged 
while the overall structure or function of the model remains the 
same and stable? 
 Relate the fact that you cannot just take the last brick off and have 
the tower stand again to the idea of hysteresis (ESM-B, Photo 3) 

 Recover from 
crises/ disturbance   

 Can their structure rock/sway and still stand? 

 Uncertainty  How many bricks are needed to have  redundancy  ? 
 How might the threshold for your tower vary as a function of 
other factors? 
 What would happen if you removed a brick? 
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end the lecture with Zolli’s quote, from the introduction above, written on the board 
or projected in a presentation slide. 

 To introduce the activity, share the assignment guidelines and requirements on a 
projected slide or written on the board (see ESM-C for example slides). Specifi cally, 
ask students to create a model (in 10–20 min) that demonstrates a characteristic of 
 resilience   through its structure (Box  5.1 ). (It is recommended that Box  5.1  is not 
shown at fi rst, but it could be used as a concluding slide.) Ask the students to work 
alone or in pairs to ensure all students are highly involved in both conceptualization 
of the idea and building the model. Emphasize that there is no “right” way to build 
a model. If students feel stuck or are uncertain about how to proceed, picture of 
example  models   could be shown to help inspire them (e.g., ESM-B). 

 The instructor should move around the room while students build and ask them 
questions regarding their conceptualization of  resilience  . For example, what con-
cept related to resilience did you decide to model and why? Why did you include 
this base/piece/link? Could you include another piece to make your structure more 
resilient? Ask them to try and push their structure over; is it resistant to toppling or 
does it fall and stay together or break? If students do not have much or any back-
ground in resilience thinking, they may need more reassurance about their work or 
more help identifying the concepts they want to illustrate. The instructor can chal-
lenge students’ thinking with more in-depth questions. For example, ask them to 
demonstrate a second resilient characteristic with additional pieces or integrate the 
concept of  uncertainty   by modeling how a threshold (for toppling over) might 
change if various factors of their model are changed such as height, base, width, etc. 

 After the building activity is completed, discuss with students what makes build-
ing blocks like  Legos   particularly good for creating resilient structures. Discuss 
aspects of  resilience   that such blocks demonstrate and refer again to the Zolli ( 2012 ) 
quote above. Then, students can share their work with the class. Ask students which 
characteristics of resilience they incorporated. If a sense of  competition   is of value 
for the class, a vote can be taken for the best model or the model that best withstands 
a  disturbance   (i.e., knock the model over or remove a random brick). To summarize 
the activity, review the characteristics students applied to their  models   and any char-
acteristics they did not incorporate. It is a good idea to take a picture of each model 
for future use, either on exams or for future classes. 

       Follow-Up Engagement 

•     Ask students how they would improve upon their own or another’s  design   to 
make it more resilient.  

•   Discuss why building with  Legos   creates a more resilient structure than building 
with other materials such as regular, non-interlocking children’s blocks.  

•   Ask them to make connections across  models   by discussing interconnectedness 
across coupled human and natural systems and how this relates to local and 
global  resilience   in the “real world.”  
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•   Discuss whether individuals or social–ecological systems need to have a certain 
number of characteristics to be resilient.  

•   Have students research and connect their  models   to examples of  resilience   in 
nature (e.g., Yellowstone after fi res),  social systems   (e.g., New Orleans after 
Hurricane Katrina), or individuals (e.g., Nelson Mandela). Ask them to share and 
discuss their fi ndings about characteristics of resilience or lack of resilience.     

    Connections 

 This activity provides context for many subsequent topics that might arise in a 
course such as the following:

•    In the context of current events, a large natural or social disaster could be used as 
an opportunity to apply concepts explored in students’  models   to discussion of 
the social–ecological system’s  resilience   or lack thereof.  

•   As  resilience   is the ability or capacity of an object, individual, or system to 
recover from pressure, change, a challenge, or  disturbance  , it has many topical 
connections that might arise in a general sustainability or environmental studies 
course. For instance, resilience could be discussed in context of  ecology   lessons, 
political events, or even an individual’s life challenges like a death in the family 
or disease. Social topics such as  food  ,  water  ,  energy  ,  population growth  , access 
to education and jobs, gender issues, and political representation can all be 
related to resilience of human groups. Ecological topics such as forest fi res,  habitat 
loss  ,  pollution  ,  biodiversity   loss, and climate change will all touch upon resil-
ience of natural and human systems. (For related topics, see Chaps.   12    ,   13    , and 
  31     of this volume.)         
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    Chapter 6   
 Eco-crimes and Eco-redemptions: Discussing 
the Challenges and Opportunities of Personal 
Sustainability                     

       Mercedes     C.     Quesada-Embid        

       Introduction 

 Environmental and sustainability studies can create pathways for positive social 
transformation through fostering individual  refl ection   and behavioral change. The 
circumstances in which many people fi nd themselves, however, are not always con-
ducive to immediate change in support of sustainability. Gifford ( 2011 ) and Gifford 
and Nilsson ( 2014 ) explore a wide range of variables, such as childhood experience, 
cultural background, and personality, that may affect our ability, knowledge, and/or 
willingness to behave in pro-environmental ways (also see Steg and Vlek  2009  for 
discussion of actual and perceived barriers to behavioral change). There is much 
navigating and negotiating that takes place in personal  decision-making  , which can 
lead to unintended contradictions between people’s pro-sustainability  values   and 
their unsustainable actions. 

 The term “green guilt” refers to the emotional sentiment associated with an 
awareness of not making choices according to what is best for the environment and 
sustainability when one wants to. Bedford et al. ( 2011 ) suggest that oftentimes, guilt 
by itself is not a fruitful mechanism for fostering sustainable behaviors, unless 
opportunities for compensatory action are available. Thus, refl ecting on one’s 
unsustainable behaviors should be coupled with a focus on one’s abilities to engage 
in pro-sustainability actions. Although some may question whether individual 
actions can make a worthwhile difference (e.g., Maniates  2001 ), Steg and Vlek 
( 2009 ) argue that individuals can contribute signifi cantly to long-term societal 
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 sustainability by adopting pro-environmental behaviors. How to encourage indi-
viduals to consistently refl ect upon and change their actions remains challenging, 
but it is clear that individuals have myriad opportunities to take meaningful and 
impactful steps toward reducing their  ecological footprint  s (e.g., see Dietz et al. 
 2009  and Gardner and Stern  2008 ). 

 In this chapter’s activity, students identify personal behaviors that could be consid-
ered “crimes,” against sustainability (that would generate green guilt) and contrast 
them with “eco-redeeming” acts which cultivate sustainability. When coupled with 
class discussion, this activity encourages students to assess personal behaviors through 
a lens of sustainability; fosters critical thought and  refl ection  ; acknowledges con-
scious and unconscious participation in particular behaviors; provides an opportunity 
for students to evaluate their own actions, as well as those of society at large; and 
contemplates the implications of both for positive and negative sustainability out-
comes. Although it can induce some discomfort because it requires critical self-refl ec-
tion, in the author’s experiences, students have always had a very positive response to 
this activity, in part, because it bridges the personal with the academic. Overall, the 
goal is to engage students in open and creative  dialogue   about how to promote positive 
social change through attention to individual behaviors. For a variety of courses, this 
insightful, exploratory activity can help students become excited about the possible 
solutions and behaviors that should/could be commonplace in society, if we all oper-
ated with more environmentally-ethical and sustainable awareness.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Evaluate personal and societal behaviors in relationship to positive (“eco- 
redemptions”) and negative (“eco-crimes”) sustainability outcomes.  

•   Assess the prominence of green guilt and other personal and societal diffi culties 
of sustainability.  

•   Articulate the need for creative, positive behaviors and communicate possible 
“eco-redemptions” to exemplify that change.  

•   Understand the value of nonjudgmental  refl ection  , critical inquiry, and thought-
ful  dialogue   as constructive ways to inspire an individual’s capacity to improve 
sustainability practices.     

    Course Context 

•     Often used for a foundations of sustainability course consisting of environmen-
tal/sustainability majors. However, it was originally designed for an advanced 
class on the ethics of sustainable development, comprised of business and eco-
nomics students not majoring in environmental/sustainability studies  
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•   50 min but can be extended with longer discussion and more students  
•   No preparation by the students is expected. This activity works well as an ice-

breaker, primer, or introductory activity when students are not familiar with one 
another or their collective thoughts on sustainability. (This allows for the ano-
nymity of the contributions to be upheld with more ease.)  

•   Adaptable for any class size with instructor-facilitated, whole group discussions     

    Instructor Preparation and Materials 

 The instructor will need to acquire enough small, blank scraps of paper for each 
student to have two (e.g., 3 × 5″) and one pencil or pen for each student (if pens are 
used, they should all be the same color to support anonymity). The instructor will 
also provide two labeled bowls (or other containers) in which to place the written 
“eco-crimes” and “eco-redemptions” that students share. The instructor should pre-
pare to facilitate a discussion surrounding the importance of examining individual 
behavioral choices in the context of sustainability and environmental issues. This 
should include defi ning key concepts and terms and guiding a  dialogue   on “eco- 
crimes” and “eco-redemptions” (see context and references in the introduction and 
additional resources in Electronic Supplementary Materials (ESM-A)). “Eco-
crimes” generally encompass actions that we do that are less sustainable and “eco- 
redemptions” are those actions that are more sustainable. (See additional discussion 
points and questions in the activities section below.) The instructor’s ability to draw 
associations between the students’ behaviors and the broader implications of those 
behavioral choices will help to enhance the activity’s capacity to encourage  refl ec-
tion  . For example, students may fi nd the Greendex survey (from National 
Geographic; see the website links in Electronic Supplementary Materials-B) to be 
an intriguing set of fi ndings on the emotions of green guilt that accompany over-
consumptive practice and how/why there are distinctions among the  ecological 
footprint   of different nations.  

    Activities 

 The instructor begins by introducing the context of the activity to students and delin-
eating the theoretical parameters of how individual choices can impact sustainability 
in both positive and negative ways. For instance, our individual behaviors impact 
aspects of our environment at varying levels, and if we want to become more sustain-
able as a society, we need to begin to honestly examine them. However, it is not 
always possible for our ideals to match our reality and oftentimes  trade-offs   are nec-
essary. All members of society participate in a range of different behaviors including 
some that we would not want to showcase, or simply do not want others to know 
about, and others that we are very proud of when it comes to environmental and 
sustainability awareness. These comprise our “eco-crimes” and “eco-redemptions.” 
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 Instructors should introduce summative, simple defi nitions, such as  eco - crimes 
are things we do that hinder sustainability and “eco - redemptions” are things we do 
that help increase sustainability . The “eco-crimes” would be acts that they wish had 
not occurred and/or that they would like to see end. “Eco-redemptions” are behaviors 
that we would like to see more of. The use of “eco” in this activity is in the whole 
sense of the term, meaning the “home”; it is inclusive so as to expand to all aspects 
of sustainability and not limit the activity only to conceptions of environment/ ecology  /
natural resources. (See Box  6.1  for examples that can be shared with students to aid 
their understanding and inspire their thinking; however, their contributions should 
be creative and distinct from the examples provided by the instructor.) The students 
should understand that these behaviors, no matter how frequently performed (once 
or many times as habits), have an impact on sustainability and that the overall goal 
of this exercise is to assess the opportunities for our personal behaviors to be more 
sustainability-enriching. 

 Students should be told that they will be tasked with writing down their own 
“eco-crimes” and “eco-redemptions.” Students should allow the “eco-crime” dis-
cussion to inspire and inform their approach to the “eco-redemption” portion, but 
please remind students that the “crimes” and redemptive acts they share should 
not correspond to one another directly (i.e., contributions to each bowl should not 
be paired so as to cancel each other out). For example, “Eco-Crime: Failed to 
recycle; Eco-Redemption: Recycle more” is not what the activity calls for. The 
crimes and redemptions should be distinct from one another and imaginative. 

  Box 6.1. Examples of “Eco-crimes” and “Eco-redemptions” 

   Eco-crimes 

•   Littering  
•   Eating at a fast- food   restaurant  
•   Not buying  organic   or  fair trade  , 

when able  
•   Driving instead of biking/

walking/carpooling  
•   Using toxic household cleaners  
•   Buying bottled  water   instead of a 

fi lter for tap  
•   Purchasing new instead of second 

hand  
•   Using an electric clothes dryer in 

warm months  
•   Mistreating/harming others and 

other species  
•   Taking long, hot showers   

  Eco-redemptions 

•   Boycotting an unethical 
company  

•   Volunteering at a senior center  
•   Utilizing cloth napkins  
•   Planting native trees/shrubs/

grasses   
•   Starting an organic community 

garden  
•   Defending another’s rights  
•   Lowering the thermostat and 

layering up  
•   Buying cruelty-free personal 

products  
•   Getting books from the public 

library  
•   Using a reusable water bottle    
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Moreover, students should be told that the instructor will be calling on everyone 
during the course of the activity so as to ensure as equal participation as possible, 
especially if it is being used as an icebreaker early in the course. 

   Sustainability can be challenging at times to talk through with students because 
it is a very personal fi eld; thus it is important to cultivate spaces where individuals 
can be honest about the contradictions and hypocrisies that sometimes create dis-
juncture between our  ethics   and behaviors. It is important for instructors to reiterate 
to students the tenets of good classroom and academic demeanor. Students should 
be reminded of the importance of kindness, respectfulness, and patience when they 
are participating in the activity. There should be no judgment passed on, or belittling 
remarks made about, the “eco-crimes” that students choose to share. The classroom 
should be a safe space where trust and camaraderie abound. It is helpful for instruc-
tors to state that all have participated knowingly and unknowingly in behaviors that 
have negatively impacted other people and species, locally and otherwise. 

 Instructors should emphasize the signifi cance of anonymity by reminding stu-
dents that it is necessary for everyone’s comfort so that students can provide honest 
and specifi c responses without concern for being judged. (Related to this, students 
can be given the option of sharing acts that they witnessed someone else commit. 
This small caveat can make some students feel more comfortable, as it adds another 
layer to the ability to remain anonymous.) During the activity, it is recommended 
that instructors keep an informal but scholarly tone, sharing personal vignettes (or 
well-known cultural references) as appropriate to help students navigate the  dia-
logue   and understand its directionality and trajectory. Making positive remarks 
about each of the “eco-redeeming” acts shared by students during the discussion 
and limiting any directly negative remarks about the “eco-crimes” shared are also 
good approaches. Finally, instructors should prepare themselves for the layered 
unpredictability of the contributions, as this activity is very open ended and can go 
in a variety of directions. These recommendations apply to both of the discussions 
described below. 

 Students will begin by writing their “eco-crimes” on a scrap of paper provided 
by the instructor, which will be folded and placed into the respectively labeled 
container that the instructor has prepared. The instructor shuffl es the scraps of 
paper, and one by one, students will randomly remove one and read it aloud to the 
class. Discussion ensues regarding the “crimes,” including why such behaviors are 
undesirable from a sustainability perspective, why individuals and society permit 
their continuance, and how best to avoid them in the future. A small discussion 
could be allowed one by one for each “crime,” or it may be more conducive to allow 
them all to be shared before having a more global discussion. A benefi t to 
commenting on each one is that all of the student contributions are honored equally 
and the “crimes,” themselves are comparably assessed, regardless of their seeming 
(in)signifi cance. In addition, during the discussions of each behavior, the class could 
be polled (anonymously, e.g., with clickers or scraps of paper or by quick show of 
hands) to obtain a sense of how many students have engaged in each behavior. 
Questions that may be useful for this discussion are:
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•    Do you think that individuals experience a kind of “green guilt” when they 
choose to participate in “eco-criminal” behaviors or is complacency too embed-
ded in mainstream society for such guilt to exist?  

•   At times our behaviors are a result of a particular circumstance, in which we have 
little to no choice. In what instances do we sometimes need to negotiate or justify 
unsustainable behaviors despite our overall good intentions?    

 After the “eco-crime”  dialogue  , students will share an “eco-redemption.” Just as 
with the crimes, these are written and placed in the corresponding container to then 
be shuffl ed and read aloud by the students. Discussion of these “eco-redeeming” 
acts should include an evaluation as to how they embody sustainability and promote 
mindful behaviors, as well as how they may provide opportunities by which 
individuals can help mitigate the ecological, economic, and social disparities that 
surround us. Questions that may be useful for this discussion are:

•    What will it take for the dominant behavioral  norms   within society to become 
more of the “eco-redeeming” sort, rather than the “eco-criminal” sort? Explain 
your perspective.  

•   Why does it seem more diffi cult to engage in these redeeming behaviors more 
often? Are there any negative  trade-offs   that arise from these positive behaviors?    

 Once both sets of written contributions have been discussed, the  dialogue   should 
evolve to assess, address, and recapitulate the activity and the issues it raised as a 
whole. The discussion element is an important part of the activity as it is designed to 
provide a foundation for a refl ective dialogue on the ease with which “eco- crimes” can 
be committed and the individual choices and societal behaviors that permit them. The 
discussion should seek out practical and effective means by which to foster more 
sustainable behaviors and ways to encourage responsible actors in 
society. Essentially, the focus of the discussion is a balance between refl ecting on why 
“eco-crimes” happen and understanding why “eco-redemptions” are more advanta-
geous to society and how the latter can be encouraged and facilitated. Although the 
content of each dialogue will depend on the specifi c contributions that students make, 
here are three questions that can help students begin the refl ective process:

•    For which set of behaviors—“eco-crimes” or “eco-redemptions”—was it easier 
to come up with an example? Elaborate on your response.  

•   As you consider the idea of personal sustainability, what are some of the most 
common unsustainable human behaviors that we need to unlearn at the societal 
level in order for sustainability to be successful?  

•   If you were to establish a set of criteria to determine the level of severity and 
level of goodness of the “crimes” and “redemptions,” how would you go about 
doing so and what would it consist of?  

•   How can we avoid the quick categorizations of being too idealistic or too pessi-
mistic when we discuss change toward sustainability while still remaining practi-
cal in scope?  
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•   In what ways can an acknowledgment of green guilt help to stimulate thought 
about how best to align our personal and professional selves more fully with our 
desired value systems?     

    Follow-Up Engagement 

•     These questions could be used to extend the discussion:

 –    What areas of study are involved with helping to foster sustainable behaviors? 
Why is it relevant and valuable to use interdisciplinary thinking and methods 
to study and change sustainability behaviors?  

 –   What relationships, if any, exist between eco- leadership   and becoming an 
exemplar of “eco-redeeming” acts in society? (See Chap.   7     of this volume for 
more on leadership.)     

•   Students could keep a scholarly  journal   that explores personal observations of 
self and society, analyzing the interrelations of these topics and describing any 
behavioral trends that students notice, especially highlighting people and orga-
nizations that exhibit empowering examples of social strength,  leadership   quali-
ties, and innovative pro-sustainability thought. This could be done for their local 
communities and regional and national  government  s, and at the international 
scale.  

•   Throughout the course, a box could be maintained into which students contribute 
ongoing ideas for “eco-redeeming” acts. This encourages positivity and allows 
for moments during the semester when redeeming behaviors can be read aloud to 
remind the class about the impact of positivity within environmental and sustain-
ability studies.  

•   A version of this activity can be exercised at a campus Earth Day celebration or 
other sustainability event. Students can have a table set up with a box serving as the 
receptacle for attendees to come by and anonymously contribute an “eco- crime” 
while having another box with varied “eco-redeeming” acts prepared beforehand 
by students. Participants pull out a redeeming act with the  hope   that they will adopt 
this new behavior while reducing their engagement in the “eco-crime.”     

    Connections 

•     Depending on the crimes and redemptions contributed by students, discussions 
could connect to many environmental and sustainability topics, such as  systems 
thinking  , climate change,  food   issues, overconsumption,  ethics  ,  environmental 
justice  ,  fair trade  , sense of place, politics, and effective  communication   (see the 
related chapters in this volume for activities about these topics).  
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•   Further discussions about ecopsychology could enhance the theoretical under-
standings that underpin elements of green guilt, societal complacency, nature 
detachment, and barriers to behavioral change.  

•   Behavioral  economics   could provide a platform by which to explore the human 
tendency toward responsible and alternative consumption patterns and the philo-
sophical  ethics   of egoism and altruism (see Chap.   22     of this volume).  

•   Civic engagement and the prevalence of social capital could give students a foun-
dation by which to recognize the abundance of “eco-redeeming” acts taking 
place around them, fostering an ethic of reciprocity and community building.         
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    Chapter 7   
 Engaging with Complexity: Exploring 
the Terrain of Leadership for Sustainability                     

       Matthew     Kolan        

       Introduction 

 Given accelerated changes and increasingly complex challenges facing life on 
Earth, knowledge and expertise may not be the limiting factors in our collective 
ability to live well and create conditions for life to thrive. Instead, many scholars 
and practitioners (e.g.,Scharmer  2009 , Senge  2008 ) have suggested that a sus-
tainable future will require  leadership   skills, mindsets, and dispositions that are 
well suited for engaging with  complex systems , defi ned in part by their dynamic, 
nonlinear, and unpredictable nature (Rickles et al.  2007 ; also see Chaps.   3    ,   10    , 
  28    , and   31     of this volume). This contrasts with traditional leadership practices, 
which often emphasize control, management, expertise, formulaic solutions, and 
universal “best” practices (Wheatley  2010 ). These traditional approaches can be 
effective when engaging with systems that are largely stable, predictable, linear, 
and distinct. However, they often fall short when used to address complex sus-
tainability challenges that are dynamic and span disciplines, fi elds, and social–
ecological dimensions. 

 Today’s challenges call for differentiated approaches to  leadership   that recog-
nize the limits of our knowledge, create the possibility for collaboration, and are 
fl exible enough to respond to ever-changing conditions. As Snowden and Boone 
( 2007 , p. 75) suggest, complex challenges necessitate leadership practices that 
“can help generate ideas, open up discussion, set barriers, stimulate attractors, 
encourage dissent and diversity, manage starting conditions and monitor for 
emergence.” 
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 The group activity described below is designed to create a learning experience 
that aligns with Snowden and Boone’s ( 2007 ) suggestions. It draws on the collec-
tive experience of the students, avoiding singular answers or predetermined solu-
tions. The activity is intended for courses that explore or are connected to the 
diverse and varied terrain of   leadership     for sustainability . The activity is based on 
an essential question: what skills, mindsets, and dispositions might help leaders 
address increasingly complex challenges to support a healthier and more sustain-
able future? The goal of the learning activity is for students to explore this funda-
mental question and generate areas of inquiry that can be further explored in future 
course content and activities.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Identify unique characteristics of complex systems and complex social–ecologi-
cal challenges.  

•   Examine mindsets and behavioral patterns that may limit their ability to effec-
tively address challenges in complex systems.  

•   Identify areas of inquiry related to  leadership   for sustainability that merit further 
exploration.  

•   Refl ect on how to apply their newfound understanding about complex systems to 
improve their own  leadership   skills for engaging with complex sustainability 
challenges.     

    Course Context 

•     Developed for an upper-level environmental problem-solving capstone course 
with 75–100 students  

•   60–75 min in one class setting (depending on use of optional background 
materials)  

•   Background readings (suggested below) can be helpful but are not essential  
•   Easily adaptable to smaller (minimum 20 students) or larger groups (up to 300 

students) and courses that address topics of  leadership  , sustainability, problem- 
solving, or  systems thinking       

    Instructor Preparation and Materials 

 To facilitate this activity, the instructor should be prepared to defi ne complex sys-
tems and identify unique characteristics of complex challenges using examples 
(Box  7.1 ; also see Meadows ( 2008 ), Rickles et al. ( 2007 ), and Ladyman et al. 
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( 2013 ) for more background). Preparing students with background readings (e.g., 
previous citations) can be helpful but is not essential. However, an introduction to 
the nature of complex systems (and how they differ from simple, complicated, and 
chaotic systems) should be offered to introduce the activity at the start of the class 
session. The instructor should also point out that these different conditions neces-
sitate unique  leadership   practices. See Snowden and Boone ( 2007 ) (especially 
their table in “Decisions in Multiple Contexts: A Leader’s Guide”) for an excel-
lent overview of this concept. Examples of the four types of challenges (provided 
in ESM-A for projection) can be expanded into one-page case studies to give to 
students (see section “Activities”). Additional resources about leadership for sus-
tainability (provided in ESM-C) can be consulted for more background as desired. 
It can also be helpful for the instructor to have some familiarity with  World Café   
group process methodology (Brown  2005 , The World Café Community Foundation 
 2015 ) since that process is adapted as a central element of the group activity. 

     Box 7.1. Four Types of Challenges and Associated Effective Leadership 
Practices 

  Simple challenges : the domain of known 
knowns 

 • Repeating patterns are evident 
 • Consistent events and stability 
 • Clear cause and effect relationships 
 • Single correct answers exist 

  Examples : baking a cake, changing the  oil   in 
a car 

  Possible    leadership     practices : sense, 
categorize, and respond; use best practices 

  Complicated challenges : the domain of 
known unknowns 

 • Patterns are discernable 
 • Cause and effect relationships are 

discoverable 
 • More than one good solution 

possible 

  Examples : building a skyscraper, 
designing a computer program 

  Possible    leadership     practices : sense, 
analyze, and respond; solicit expert 
diagnosis; synthesize confl icting advice 

  Complex challenges : the domain of 
unknown unknowns 

 • Nonlinear (small changes can create 
large effects) 

 • Unpredictable 
 • Lack of central control agent 
 • Emergence of new properties 

  Examples : responding to climate change, 
ecosystem management 

  Possible    leadership     practices : probe, sense, and 
respond; create conditions for new possibilities 
to emerge; invite tension and creativity 

  Chaotic challenges : the domain of the 
unknowable 

 • High turbulence 
 • High tension 
 • No clear cause and effect 

relationships 

  Examples : responding to a highly 
contagious new disease outbreak or 
terrorist attack 

  Possible    leadership     practices : act, sense, 
and respond; attend to immediate impacts; 
look for what is working 

  Adapted from Snowden and Boone ( 2007 )    
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 The central activity of this lesson is best done in a room with movable seats and 
tables to enable student mobility. Students will self-organize into groups of fi ve and 
each group will need one large sheet of paper (e.g., 3′ × 4′ or fl ip chart) and two 
markers. The instructor will also need index cards (one per student) and tape to post 
the large sheets of paper to the wall. 

       Activities 

 Depending on the students’ prior experiences, the instructor can begin by introduc-
ing or reviewing characteristics of complex systems and complex challenges 
(~10 min). If time is short, this introduction can be offered as a mini-lecture that 
includes examples to illustrate the variations between different kinds of challenges 
and contexts (see Box  7.1 ). However, if more time is available, place students into 
small groups (of three or four) and assign each group one of the four “types of chal-
lenges” from Box  7.1 . Give each group an example that illustrates their “type of 
challenge” (e.g., from Snowden and Boone  2007 ). Ask the students to generate a 
preliminary list of characteristics for their assigned challenge type. Review their 
responses with the whole class, and add to each list to ensure that everyone under-
stands the distinctions among them (~15 min). 

 After the introduction, offer additional examples of sustainability challenges 
(e.g., structural racism,  water    pollution  ), and ask which type of challenge best 
describes each example and why. Explain that because most sustainability chal-
lenges take place within complex contexts, the following activity focuses on  leader-
ship   practices needed to effectively engage with this  complexity   (~5 min). 

 This is a good time to introduce a simple conceptual framework for  leadership  . 
At a basic level, leadership is “the act of making an intervention within a system, to 
change the results that a system produces” (Smith  2015 ). It is important to acknowl-
edge that complex challenges are not easily addressed via leadership approaches 
that rely solely upon expertise or best practices. (In the author’s experience, many 
students believe that they are not prepared to address complex challenges unless 
they “know it all.”) Rather, the unpredictability of complex challenges may require 
a different set of leadership skills to navigate ambiguity and  uncertainty   (~5 min). 

 Next, the instructor introduces the lesson’s essential goal and question (see sec-
tion “Introduction”)and acknowledges that the insights generated through the activ-
ity will result in a list of themes and questions about  leadership   for sustainability 
that can be used to help identify future work both in and, more importantly, outside 
of the classroom (~5 min). 

 Then, the instructor introduces the “ World Café  ” process as a fl exible format for 
hosting large group  dialogue   and harvesting a group’s collective wisdom (~5 min). 
The fi rst step is to form groups of four or fi ve students and give each group a large 
sheet of paper (or fl ip chart). One student in each group should be identifi ed as the 
“anchor,” who will stay with the paper throughout the process and will record 
insights emerging from the conversation. 
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 Each group begins by discussing two questions that address the connection 
between  leadership   and  complexity   (provided in ESM-B for projection):

    1.    What skills, mindsets, and dispositions do I need to cultivate in myself to more 
effectively engage with complex challenges and systems so that I can help create 
a more sustainable future?   

   2.    What thought patterns, beliefs, or behaviors might I need to let go of to more 
effectively engage with complex challenges and systems so that I can help create 
a more sustainable future?    

  It is important to emphasize that the  purpose   of these conversations is not to 
establish consensus or “right answers.” Rather, this process is designed to elicit 
multiple perspectives from divergent thinking and varied experiences. Anchors 
should record the group’s insights. This can involve some artistic or graphic repre-
sentation but should be descriptive and evocative so others who view the paper can 
understand the main points. Because the group is engaging with two related but 
different questions, it may be helpful for the anchor to divide the paper into two 
sections for recording purposes. 

 Students are given 15 min for the fi rst round of conversation. The instructor can 
fl oat among the groups in case any questions emerge about the process or prompts. 
After the fi rst conversation has ended, ask the students to switch groups(with the 
anchor staying put) and form new ones with entirely different combinations of 
members (if possible, with none of the same people from their fi rst group in the 
second one). The second conversation starts with the anchor giving a very brief 
synopsis of the previous group’s conversation, while the new members make con-
nections with the ideas from their fi rst group’s conversation. The second group then 
continues discussing the same guiding questions for an additional 10–15 min. The 
second round of conversation offers a chance for students to hear additional per-
spectives and explore these questions in greater depth. The anchor continues to 
record group members’ insights. 

 After the second conversation, the anchors are asked to hang the papers around 
the room. The instructor hands each student a blank note card and invites the 
students to participate in a 5–10-min silent  gallery walk  , during which they 
should review and refl ect on the recorded insights. The instructor asks each stu-
dent to record three themes, insights, or questions that they think are most essen-
tial to refl ect on or learn more about in relation to their own growth as a leader. 
The activity concludes with a large group conversation and share out about the 
exercise and the meta-level insights that emerged from the activity (5–10 min). 
Students should be encouraged to notice themes as well as divergent responses. 
The instructor can conclude the activity by asking students to consider the link 
between  understanding the nature of complex systems  and our ability to  cultivate  
  leadership     practices  that allow us to effectively engage with sustainability 
challenges.  
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    Follow-Up Engagement 

•     Ask students to turn in their note cards to the instructor who can organize, syn-
thesize, and share the responses back with the whole group to enhance the shared 
learning process. This information can be used to create a student-driven agenda/
schedule for important topics to explore as the course progresses.  

•   Ask students to choose one of the topics/themes arising from the discussions and 
explore it in more depth through refl ective writing and/or by exploring additional 
resources. Ask them to consider how that theme could be actively implemented 
in their personal and professional lives.  

•   As the course unfolds, provide additional opportunities for students to refl ect on 
this activity and the insights it generated. Ask them what new insights and issues 
have emerged from other class topics and activities.  

•   Have students identify a complex sustainability challenge/case study that interests 
them and critically examine the dominant  leadership   practices/strategies that are 
being used to address the challenge. Ask them to consider how those practices 
might be shifted to more effectively engage with the  complexity   of the situation.     

    Connections 

•     Most sustainability-oriented issues whether related to  ecology  , social justice, 
economic viability, or other domains are complex challenges. This framework 
can help students recognize important characteristics of these challenges and 
begin to more confi dently navigate the ambiguity associated with them.  

•   Cultivating  leadership   skills, mindsets, dispositions, and behaviors is helpful in 
empowering students to actively engage with almost any sustainability challenge 
(rather than feel overwhelmed by their enormity; e.g., see Chaps.   6    ,   8    ,   29    ,   39    , 
and   40     of this volume).  

•   This activity can offer a relevant introduction to the fi eld of  systems thinking  ; 
helping students see how recognizing patterns and interrelationships can enhance 
our ability to  understand  and  address  sustainability challenges (e.g., see Chaps. 
  3    ,   28    , and   31     of this volume).         

   References 

    Brown J (2005) The world café: shaping our futures through conversations that matter. Berrett- 
Koehler, San Francisco, CA  

    Ladyman J, Lambert J, Wiesner K (2013) What is a complex system? Eur J Philos Sci 3:33–67  
    Meadows D (2008) Thinking in systems: a primer. Chelsea Green, White River Junction  
     Rickles D, Hawe P, Shiell A (2007) A simple guide to chaos and complexity. J Epidemiol 

Community Health 61:933–937  

M. Kolan

http://dx.doi.org/10.1007/978-3-319-28543-6_6
http://dx.doi.org/10.1007/978-3-319-28543-6_8
http://dx.doi.org/10.1007/978-3-319-28543-6_29
http://dx.doi.org/10.1007/978-3-319-28543-6_39
http://dx.doi.org/10.1007/978-3-319-28543-6_40
http://dx.doi.org/10.1007/978-3-319-28543-6_3
http://dx.doi.org/10.1007/978-3-319-28543-6_28
http://dx.doi.org/10.1007/978-3-319-28543-6_31


71

    Scharmer C (2009) Theory U: learning from the future as it emerges. Berrett-Koehler, San 
Francisco, CA  

    Senge P (2008) The necessary revolution: how individuals and organizations are working together 
to create a sustainable world. Doubleday, New York, NY  

   Smith M (2015) Three qualities of leadership that can catalyze change.   http://www.uvm.edu/rsenr/
leadership-sustainability/blog/18/three-qualities-leadership-can-catalyze-change    . Accessed 15 
June 2015  

       Snowden D, Boone M (2007) A leader’s framework for decision making. Harv Bus Rev 85.   https://
hbr.org/2007/11/a-leaders-framework-for-decision-making    . Accessed 15 June 2015  

    Wheatley M (2010) Finding our way: leadership for an uncertain time. Berrett-Koehler, San 
Francisco, CA  

   The World Café Community Foundation (2015) World Café methods.   http://www.theworldcafe.
com/method.html    . Accessed 15 April 2015    

7 Engaging with Complexity: Exploring the Terrain of Leadership for Sustainability

http://www.uvm.edu/rsenr/leadership-sustainability/blog/18/three-qualities-leadership-can-catalyze-change
http://www.uvm.edu/rsenr/leadership-sustainability/blog/18/three-qualities-leadership-can-catalyze-change
https://hbr.org/2007/11/a-leaders-framework-for-decision-making
https://hbr.org/2007/11/a-leaders-framework-for-decision-making
http://www.theworldcafe.com/method.html
http://www.theworldcafe.com/method.html


73© Springer International Publishing Switzerland 2016 
L.B. Byrne (ed.), Learner-Centered Teaching Activities for Environmental 
and Sustainability Studies, DOI 10.1007/978-3-319-28543-6_8

    Chapter 8   
 Discovering Authentic Hope: Helping Students 
Refl ect on Learning and Living with Purpose                     

       Kimberly     F.     Langmaid        

       Introduction 

    Learning about environmental and sustainability issues such as climate change, for-
est dieback,  food   and  water   shortages, the  extinction   crisis, and ocean  pollution   can 
become a source of acute and chronic stress and create feelings of disempowerment 
and fatalism (Clayton and Myers  2009 ). As we teach students about these challenges, 
educators can play a powerful role in facilitating  affective   learning experiences with 
outcomes that foster students’ personal refl ections about  values  , attitudes, and behav-
iors (Shepard  2008 ) and help nurture in them a positive vision of the future (Iliško 
et al.  2014 ) and a sense of  purpose   (Damon  2008 ). Tilbury ( 2011 ) suggests that edu-
cation for sustainable development requires new pedagogical strategies and learning 
processes including “learning to clarify one’s own values” and “learning to envision 
more positive and sustainable futures” to participate in creating a more sustainable 
and hopeful world. Orr ( 2011 ) makes a useful distinction between  hope   and  opti-
mism  : “ Hope  is a verb with its sleeves rolled up. Hopeful people are actively engaged 
in defying the odds or changing the odds. Optimism leans back, puts its feet up, and 
wears a confi dent look, knowing that the deck is stacked” (p. 324). 

 Environmental and sustainability educators are called on to incorporate teaching 
strategies that nurture a  psychology   of  hope   (Clayton and Myers  2009 ). Authentic 
hope—the kind of hope which is based on personal  values  ,  talents  , positive visions of 
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the future, and sense  purpose  —can encourage feelings of agency and foster pro- 
environmental behaviors (Ojala  2012 ). As students become more conscious of their 
values and take more opportunities to apply and practice their talents, they may be 
more likely to formulate a positive vision for their future and organize their lives in 
more purposeful and authentically hopeful ways (e.g., Fig.  8.1 ). For young people, the 
ongoing process of discovering and defi ning their purpose can foster greater hope, 
well-being, and life satisfaction (Burrow et al.  2010 , Damon  2008 ). The activity in this 
chapter provides a refl ective learning process to help students discover authentic hope 
in their lives by encouraging them to refl ect on their personal values, identify their tal-
ents, articulate a positive vision of the future, write a brief personal purpose statement, 
and work together in small groups to explore their discoveries. Because authentic hope 
is not a static end point but is a state of being empowered in the process of creating a 
better future, students can be encouraged to revisit the topics of this activity throughout 
their lives for continued  refl ection   on and refi nement of their perspectives.

       Learning Outcomes 

 After completing this activity, students should be able to:

•    Refl ect on and explain their personal  values   and  talents  .  
•   Write a  vision statement   of themselves living in a fl ourishing sustainable society.  
•   Synthesize their  values  ,  talents  , and vision in a personal  purpose   statement.  
•   Recognize how a sense of  purpose   can lead to more  hope   and well-being in one’s life.     

    Course Context 

•     Developed for a sustainability  leadership   course for majors and with ~25 stu-
dents in a college-level sustainability studies program  

•   90 min in two class meetings  

  Fig. 8.1    This  spiral diagram  
conveys the ongoing, 
recursive personal-discovery 
process of authentic  hope  . It 
can be used to help students 
visualize and understand the 
signifi cance of personal 
 values  ,  talents  , vision, and 
 purpose   in creating a sense of 
authentic hope in their lives.       
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•   Requires some introductory knowledge of environmental and sustainability issues  
•   Adaptable for any class size     

    Instructor Preparation and Materials 

 The full implementation of the activity includes three components: (1) a 40-min 
pre-homework session facilitated by the instructor, (2) a worksheet homework 
assignment, and (3) a 50-min workshop-style class session. Instructors should be 
familiar with the following concepts in the context of sustainability issues:  values  , 
 talents  , vision,  purpose  , and  hope   (defi nitions are provided in Electronic 
Supplementary Materials—ESM-A). For additional background on the importance 
of  affective   learning outcomes in environmental and sustainability education, see 
Shepard ( 2008 ). 

 Prior to assigning the homework, the instructor should be prepared to facilitate a 
40-min conversation and brainstorming session to review some of the environmen-
tal and sustainability issues and challenges students may have already studied in 
their courses (e.g., climate change,  pollution  , the  biodiversity   crisis) and help them 
connect those issues to the ideas of  values  ,  talents  , vision,  purpose  , and  hope   with 
stories of actual people who have taken positive actions (Fig.  8.1  can be drawn or 
projected as visual aide for this discussion). The “Champions Chart for Instructors” 
(ESM-B), which asks students to provide examples they know of or can fi nd online, 
can be used to facilitate this session. (For background and additional talking points, 
environmental educator and researcher Bardwell ( 1991 ) describes the importance of 
sharing environmental success stories and positive imagery with students.) As 
desired, to ensure some success stories can be discussed, the instructor can prepare 
examples to share (or assign students a preparatory reading) from Loeb ( 1999 ), 
Suzuki and Dressel ( 2002 ), and   www.goldmanprize.organd       http://wwf.panda.org/
wwf_news/successes/    . 

 For the homework assignment, the “Student Worksheet” (ESM-C) should be 
reviewed, edited as desired, and provided to each student (printed or electronically). 
Its  purpose   is to guide students through a self-refl ective process of selecting their 
top fi ve personal  values  , identifying their most important personal  talents  , writing a 
 vision statement   of a fl ourishing future, and writing a brief personal statement of 
purpose. Before assigning it, the instructor should complete the worksheet for her-
self to understand the process of the activity and share examples from her own 
worksheet if appropriate. 

 For the workshop class session, instructors should plan to organize students into 
small groups of four or fi ve and adapt the “Conversation Guide and Gallery Walk 
for Students” sheet (ESM-D) to organize the session. Because students will share 
their homework refl ections and collaborate to create posters using the “Authentic 
Hope Spiral Diagram” (Fig.  8.1 ), a large piece of paper (e.g., poster board size) and 
markers or crayons should be gathered for each group.  

8 Discovering Authentic Hope: Helping Students Refl ect on Learning and Living…
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    Activities 

    Pre-homework Session 

     1.    Introduce the session (~5 min) by explaining that environmental and sustainabil-
ity studies can be emotionally challenging; however, it is important to consider 
the positive aspects and opportunities for creating solutions.   

   2.    Generate a chart on a chalkboard/whiteboard (e.g., ESM-B) and facilitate a 
brainstorming session (~15 min) to fi ll in the chart by asking students to share 
some examples of people who may have overcome emotional challenges and 
created positive solutions, who can be described as “environmental and sustain-
ability champions.” Once the stories of three to fi ve champions have been 
shared, the instructor explains that these people possessed a sense of  hope   and 
empowerment that was likely an outcome of knowing their  values  , tapping into 
their  talents  , holding a positive vision of the future, and honing in on their sense 
of  purpose.    

   3.    Draw (or project) the “Authentic Hope Spiral Diagram” (Fig.  8.1 ) on a board and 
provide a brief overview (~10 min) on the concepts of  values  ,  talents  , vision, 
 purpose  , and Authentic  hope   (see ESM-A).   

   4.    Facilitate a deeper conversation (~10 min) about sustainability champions by 
asking students to brainstorm which  values  ,  talents  , visions, and purposes each 
of the champions may have had. The list of values and talents from ESM-C can 
be used.   

   5.    Tell students they will have the opportunity to work on discovering their sense of 
 purpose   by completing the “Student Worksheet” (ESM-C) for homework. 
Students should be asked to come prepared to share some of their refl ections to 
the worksheet prompts during the next class session. Tell them that they do not 
have to have “perfect” answers but they should be refl ective, honest, and 
meaningful.      

    Post-homework Session 

     1.    Begin the session by telling students they will work in small groups to discuss 
their refl ections from the homework worksheet and create a poster using the 
spiral diagram (Fig.  8.1 ).   

   2.    Organize students into groups of four or fi ve and provide each with the conversa-
tion guide (ESM-D) and a large sheet of paper and markers to create a group 
poster to share with the whole class.   

   3.    Students talk together (~20 min) and take notes while sharing their worksheet 
refl ections and providing answers to the four questions on the  conservation   
guide. These questions are meant to help students make connections between 
their  values  ,  talents  , and visions and help them articulate their sense of  purpose  .   
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   4.    Then they work together (~15 min) to create a collaborative poster using the 
spiral diagram (Fig.  8.1 ) and adding their notes or drawings on the poster. The 
goal is to create a fi nal poster that is a visual  refl ection   of the group’s collective 
 values  ,  talents  , visions, and purposes.   

   5.    Students hang their posters around the room and then each group goes on a “ gal-
lery walk  ” (~10 min) to view, take notes, and discuss the collection of posters. 
Discussion questions to guide the gallery walk are provided in ESM-D; tell stu-
dents they will be asked to share their responses verbally during a concluding 
discussion.   

   6.    Close the session with a debriefi ng conversation about what students learned 
about themselves and their peers in relation to maintaining a sense of  purpose   
and authentic  hope   for environmental and sustainability issues. Tell students 
their personal purpose statement can be an important source of inspiration and 
empowerment to keep them on track in their future aspirations and decisions. 
Encourage students to display their purpose statement in places they see on a 
daily basis (e.g., notebook, computer, or bathroom mirror) as a reminder to focus 
on a positive outlook and direction, to share them with their family and friends, 
and to revisit and revise it annually as it will likely evolve over their lifetimes.       

    Follow-Up Engagement 

•     Possible questions to guide extended discussion or that could be used to create 
writing or other assignments include:

 –    How do your  values   help guide your decisions and behaviors when it comes 
to environmental and sustainability issues?  

 –   What personal traits might prevent you from taking action or hinder your abil-
ity to work toward a more sustainable life situation?  

 –   Is it possible that a person’s sense of  purpose   can inadvertently work to fur-
ther degrade the environment or create unsustainable situations? Think of 
some examples and share.     

•   Assign students to do a research and biographical writing project on a person 
who has created positive change for the environment or sustainability. Ask them 
to uncover what that person’s  values  ,  talents  , vision, and sense of  purpose   might 
have been.  

•   Ask students to refl ect on their personal traits that hinder sustainability (internal 
barriers) or that they want to change in their life situations that interfere with the 
positive work they want to do. (For additional information on the concept of 
internal and external barriers to sustainable behaviors, see McKenzie-Mohr and 
Smith ( 1999 ).)  

•   Have students watch exemplary videos that share environmental and sustainabil-
ity success stories and inspire positive visions and action, such as the talk by Paul 
Stamets ( 2008 ), entitled “6 Ways Mushrooms Can Save the World.”     
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   Connections 

•     Throughout any course on the environment and sustainability, instructors can try 
to balance negative with positive information and provide opportunities for stu-
dents to learn about and envision positive futures.  

•   Ask students to refl ect on  values   and how environmental and sustainability 
behaviors and issues are related to both individual and societal values. For exam-
ple, which values and behaviors may contribute to climate change? Species 
 extinction   and the loss of  biodiversity  ? Ocean  pollution  ? Shortages of  food   and 
 water  ? (For related activities, see Chaps.   4    ,   6    ,   29    , and   39     of this volume.)  

•   Artistic expression can often foster inspiration and  hope   (e.g., see the activity in 
Chap.   43     of this volume).         
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    Chapter 9   
 Teaching How Scientifi c Consensus Is 
Developed Through Simplifi ed Meta-analysis 
of Peer-Reviewed Literature                     

       Emily     S.  J.     Rauschert        

       Introduction 

 All students, especially those studying environmental and sustainability issues, 
should understand how the process of  science   works and how scientists deal with 
confl icting results among studies (Bryce and Day  2014 ). However, teaching them 
about the diverse pathways to scientifi c knowledge and how scientists develop con-
sensus about emerging questions is challenging. Many students are not skilled read-
ers of the peer-reviewed scientifi c literature and have trouble synthesizing across 
articles. Nonetheless, most faculty agree that the primary literature should be used 
when teaching undergraduate students (Coil et al.  2010 ), making it necessary to 
provide them with opportunities to engage with the literature in a variety of ways. 
In particular, asking students to interpret and synthesize studies that reach different 
conclusions about a topic (e.g., global environmental change) can help them become 
more skilled thinkers and engage them in discussions and analyses that mirror how 
professional scientists work to develop scientifi c knowledge and consensus (also 
see Chaps.   15     and   34    , this volume). 

 Meta-analysis is a statistical method used to evaluate and synthesize a set of 
studies on a topic to gain deeper insights and reach more reliable conclusions, 
especially when studies reach divergent conclusions. It has been increasingly used 
in  ecology   and environmental  science   over the past 20 years (Gurevitch et al. 
 2001 ). To increase students’ abilities to synthesize many studies on a topic and 
improve their skills for reading peer-reviewed literature, the activity in this chapter 
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involves conducting an informal and simplifi ed  meta-analysis   using a set of articles 
related to a common topic. Its primary goal is to build students’ scientifi c thinking 
skills, including quantitative reasoning, and help them better understand how  sci-
entifi c consensus   is developed, especially for topics that may be perceived as con-
troversial by the public. These skills have been identifi ed as core competencies 
crucial for undergraduate biology education (Brewer and Smith  2011 ). The activity 
can be used with a wide variety environmental and sustainability studies topics; an 
example case study about the effects of global change on invasive plant species, 
with a prepared list of articles and example results, is shared for quick and easy 
adoption.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Interpret and explain graphs in and extract major conclusions from a scientifi c 
peer-reviewed article.  

•   Identify the procedure of a  meta-analysis   and conduct a simplifi ed 
meta-analysis.  

•   Synthesize results of multiple studies to reach a general conclusion for a ques-
tion, identifying both the overall consensus and any contradictions.     

    Course Context 

•     Developed for an upper-level majors course in invasion  ecology   for  science   
majors with 20 students  

•   50 min in one class meeting  
•   Before class, students should have some prior experience with graph interpreta-

tion and reading primary literature articles and be familiar with different types of 
scientifi c studies (experiments, observational studies,  models  , reviews). The 
activity requires previous background knowledge about the chosen topic investi-
gated to complete the  meta-analysis   activity. For example, in the original con-
text, students had some limited prior knowledge of the major components of 
global change, covered in a previous class  

•   Adaptable for course sizes of up to 60 students and for a variety of topics where 
some contradiction or confusion about results and conclusions exists in the lit-
erature. It was originally implemented to examine the effect of global change on 
 invasive species  , but it is suitable for other topics, such as the benefi ts of conven-
tional versus  organic    agriculture  , the ecosystem effects of invasive earthworms 
or impacts of  genetically modifi ed organisms       
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    Instructor Preparation and Materials 

 Instructors should be familiar with  meta-analysis   methods and prepare an introduc-
tion for students; for background, see Box  9.1 , Gurevitch et al. ( 1992 ,  2001 ), 
Arnqvist and Wooster ( 1995 ), and Borenstein et al. ( 2009 ). In addition, prepare for 
a brief discussion on why ecological studies do not always lead to exactly the same 
results (e.g., spatial and temporal abiotic variation, stochasticity), which will be used 
to start the class session; suggested questions are provided in section “Activities.” 

 For the activity, a topic should be selected that is relevant to the course and con-
tains some divergent or contradictory results in the literature. Identify a clear ques-
tion that is to be answered by the  meta-analysis   and will guide the student’s work; 
the topic and question should be focused and coherent but could include multiple 
variables (e.g., in the  invasive species   case study, four variables were examined; see 

   Box 9.1. A Brief Introduction to Meta-analysis 

 Meta-antalysis is a quantitative way to statistically synthesize information 
across multiple studies. In general, a  meta-analysis   proceeds as follows. A 
 hypothesis   is developed, such as “An increase in CO 2  will positively infl uence 
invasive plants.” Typically, a search criterion is developed, such as “we want 
to include all papers on the topic of invasive plants and CO 2  increases, pub-
lished in the last 20 years, involving experimentation.” Using an online search 
engine, a large list of candidate papers will be generated, but the articles 
should be screened for suitability; many might be excluded from the analysis 
because they don’t meet the preset criteria (e.g., not reporting experiments) or 
they don’t relate clearly to the hypothesis being investigated. All suitable 
papers are examined, and certain predefi ned information is extracted from 
them such as whether a positive or negative impact is seen. 

 Typically, an attempt is made to calculate something from the results of 
each study; one common metric is effect size, which is often a standardized 
difference in the means of experimental and control groups or the response 
ratio, which is the ratio of a measurement in experimental and control groups 
(Gurevitch et al.  2001 ). When analyzing all of the studies, the effect sizes or 
response ratios can be weighted by the sample size of the studies or the stan-
dard error of the effect size to give more weight to larger studies. It is then 
possible to statistically draw inference about whether a particular  hypothesis   
is supported across the literature. In the simplifi ed approach described for this 
activity, students tally the direction of the effects in a vote-counting step, i.e., 
positive, negative, and no effect (denoted in the matrix by +, −, and 0, respec-
tively). Note that this vote-counting approach is a simplifi ed fi rst step and that 
formal  meta-analysis   would require the calculation of effect sizes or similar 
metrics (Koricheva and Gurevitch  2014 ). 
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Box  9.2 ). The students will be collecting information about whether a  hypothesis   is 
supported in each paper or not (e.g., in the case study, whether aspects of global 
change will increase plant invasion); prepare a table where students will compile 
this information (see Table 9.1 and Fig. 1 in Electronic Supplementary Materials 
ESM-A for an example). 

 For the topic, identify a set of candidate papers that could be assigned for stu-
dents to read by conducting an online search. Ideally, the topic should have at least 
30 papers published about it so that there are enough to choose from. To narrow the 
search results, consider time limits where appropriate, such as all papers used in the 
past 20 years, if, for example, the topic is best examined using more recent tech-
niques. Think about the type(s) of study to include and exclude (e.g., experiments, 
observational studies, or mathematical  models  ). It is best to focus on papers that 
present novel data and avoid including multiple papers that use the same data. It should 
be possible for students to readily extract information from the paper from graphical 
presentations of the results. Exclude literature reviews, and consider avoiding 
papers that seemed to have experimental designs or results that are likely to confuse 
students. If there is a published full  meta-analysis   about the topic, its results can be 
used to compare with the class results to foster additional discussions. The pub-
lished meta-analysis could also serve as a source of papers to use for the activity. 
For the activity, select and print out copies of enough papers for the class size 
(at least one different per student and more if time permits). Alternatively, students 
could be provided with the digital copies to read on electronic devices in class or for 

  Box 9.2. Case Study Examining the Effects of Global Change on 
Invasive Plants 

 The impacts of four major components of global change on invasive plant success 
were identifi ed (increasing temperature, increasing CO 2 , nitrogen deposition, and 
changes in precipitation); the papers listed in ESM-A relate to the effects of one 
or more of these components on plant invasion. If the class size is less than ten, it 
may be best to limit the focus to fewer components so that multiple papers are 
used about each aspect of global change investigated. It might be good to do an 
additional literature search to identify very recent papers on this topic as well. 

 To prepare students for this activity, during the class before the activity, 
introduce the four main aspects of global change if they are not already famil-
iar with them. If more than one aspect of global change is being considered, 
make a table on the board to prepare for the results (see Table  9.1  and Fig. 1 in 
ESM-A). For each paper, students will then later add to the table whether the 
paper showed a positive, negative, or neutral effect on plant invasion. Print out 
enough copies of the in-class worksheet (see ESM-B), so that students can 
better organize their assessment of the papers. When originally implemented, 
the students reached conclusions similar to the published  meta-analysis   on 
this topic (Bradley et al.  2010 ).  
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homework; the latter may be important if there is a concern with less experi-
enced students not being able to read articles quickly enough in class. Save elec-
tronic copies of all of the papers on the computer used for classroom projection, so 
that the graphs students wish to present can be projected. 

 Students will work in pairs to analyze two articles, and it may be useful to pair 
up stronger and weaker students in advance. As desired, prepare a worksheet (and 
print one for each student) to guide students reading and assessment of the papers; 
an example for the  invasive species   case study that can be adapted for other topics 
is presented in ESM-B. 

 To implement the activity with advanced options, give the students some papers 
that are not quite suitable for the  meta-analysis   and allow them to participate in the 
screening and selection process. In addition or alternatively, have students conduct 
the literature search themselves, either out of class as a homework exercise or with 
guidance in class. It would be possible to extend this activity and have students actu-
ally calculate effect sizes, but this would require more than one class period. 

       Activities 

 Begin the class with a discussion about variability that helps students understand 
why confl icting results for similar studies might be expected. Example questions 
and talking points include:

•    Do you think the same experiment conducted in different places will always give 
the same results?

 –    Ecological systems are highly complex, and variation from day to day and 
year to year is common; thus, experiments conducted at different times or 
places are likely to have different outcomes.     

    Table 9.1    Sample simplifi ed  meta-analysis   results table   

 Effects of global change on invasives 

 Increasing 
temperature  Increasing CO 2  

 Changes in 
precipitation 

 Nutrient 
deposition 

 Individual results  +  +  +/−  + 
 −  +  −  + 

 +  +  +  − 
 +  0  +  + 
 −  +  −  + 

 0 
 Final result  +/−  +  +/−  + 

  This table was generated using some of the papers listed in Electronic Supplementary Materials A  
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•   It is not uncommon for studies to show different results, so how can scientists 
generalize from studies that don’t always agree?

 –    Introduce meta-analyses as a rigorous, quantitative method that scientists use 
to synthesize results from many studies for a topic, especially ones that have 
variable results. Additional information can be presented from Box  9.1  and 
the references cited above.       

 After introducing the activity (and, as needed, the focal topic and question for the 
 meta-analysis  ), assign two or three articles per student pair. Ask students to extract 
summary information from each paper (15–20 min.) that helps answer the question. 
For the meta-analysis, each student pair needs to conclude whether the results had a 
positive, negative, mixed, or neutral impact on the (dependent) variable of interest 
(e.g., in the case study, whether the plant invasion was increased, decreased, or not 
affected by the global change variable). A prepared worksheet that students complete 
can help focus their attention on relevant information and expedite this step (see the 
example for the case study in ESM-B). As part of the introduction, the instructor 
should direct students’ attention to the meta-analysis matrix (table), written on a 
board or other surface, into which students will record the results of the papers. 

 Next, each pair should present their papers by projecting and explaining relevant 
fi gures that demonstrate the main results (~2–5 min per pair, depending on class 
size). For this, the instructor should have the papers readily accessible for quick 
projection. However, it is recommended to let the students identify which fi gure(s) 
should be projected for a more learner-centered approach; this is a useful check on 
whether the students’ interpretations of graphs are valid. Based on the study’s 
results and conclusions, students then make a +, −, +/−, or 0 in the  meta-analysis   
table (e.g., Table  9.1  and Fig. 1 in ESM-A). If the class size is too large to allow all 
students to present, it may be better to have some students present while ensuring 
that all pairs add their results to the table. 

 Examine all results in the table as a class and help guide students, via discussion, 
to an overall conclusion based on the numbers of positive, negative, and neutral 
results from across all the examined papers. Although there will likely not be 100 % 
consensus on the direction of the effects, students can conclude what type of effect 
was observed by most studies. If there is a published  meta-analysis   on the topic, the 
class results can be compared to its results (e.g., Bradley et al.  2010  for the case 
study). In the case study example, even though the simplifi ed approach was coarser 
and less quantitative than the published meta-analysis, similar conclusions were 
reached. 

 To end the activity, these questions can be used in a fi nal discussion:

•    What can we conclude about the topic investigated? (For the case study, what are 
the possible impacts of global changes on invasive plants?)  

•   Were we able to reach a reasonable consensus? What would strengthen our 
ability to draw valid conclusions? What was left out by this approach that might 
be important? (Discuss the value of more studies, larger sample sizes, data from 
many ecosystems, etc.)  
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•   Should experimental, observational, and modeling studies be given equal weight 
in such an analysis?  

•   How representative were the papers examined, in terms of where they were 
conducted, which species were used, etc.?  

•   How does the variation in results across studies affect our ability to draw strong 
conclusions or make predictions?  

•   How could our approach be improved? (Discuss effect sizes, weighing results 
with the sample size of the study, and point out that actual meta-analyses are 
more quantitative than just a +/− approach.)  

•   How easy do you think it is to publish positive, negative, and neutral results? 
How will this affect our ability to draw valid conclusions? (Discuss the fi le 
drawer problem and how publication  bias   might infl uence the conclusions 
reached by  meta-analysis  .)  

•   Does communicating some level of  uncertainty   undermine public confi dence in 
scientifi c results? Under what circumstances is it important to communicate 
uncertainty?    

       Follow-Up Engagement 

•     Have students go through the same exercise with a different topic and write a 
report about their results.  

•   Discuss how scientifi c conclusions and consensus may be used to guide policy- and 
decision-making. How should policy be designed around scientifi c conclusions 
in the light of confl icting research outcomes? What roles do meta-analyses have 
for guiding policy-making and other decisions?  

•   On an exam, give students a  hypothesis   and ask them to come up with nonexperi-
mental ways to test it (i.e., to assess if they can recall and describe a  meta- analysis   
approach).     

    Connections 

•     This activity can be used to examine many topics in environmental sciences and 
sustainability, particularly where there is diffi culty reaching consensus such as 
 organic   versus conventional  agriculture  , the impacts of  genetically modifi ed 
organisms  , or whether biocontrol is benefi cial.  

•   Throughout a course, encourage students to keep thinking about the different 
ways in which we gain scientifi c knowledge. Instructors commonly have students 
 design   experiments to address hypotheses; as a complementary approach, provide 
opportunities for which students might propose a  meta-analysis   to investigate an 
environmental question (e.g., see Chaps.   15    ,   32    ,   33    , and   34    , this volume).         
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    Chapter 10   
 Understanding Ecosystems and Their Services 
Through  Apollo 13  and Bottle Models                     

       Carmen     T.     Agouridis      and     Tyler     M.     Sanderson        

       Introduction 

 The concepts of ecosystems, their  complexity   (e.g., interacting biotic and abiotic ele-
ments), and the goods and services they provide are important to understand when 
examining environmental and sustainability topics (Pickett and Cadenasso  2002 , 
Cadenasso et al.  2006 ). Earth’s diverse ecosystems range in size, climate, and com-
position. Collectively, they provide numerous life-sustaining goods and services 
such as  food  , air purifi cation, and pollination (Kremen  2005 ), yet their value is gen-
erally underestimated in part because it is diffi cult to place monetary  values   on such 
intangible items and processes (Costanza et al.  1997 ). Many people often assume 
that ecosystems are reliable and resilient and that their goods and services are thus 
unlimited; however, this assumption is not true. As humans place increasing pres-
sures on ecosystems, they can be degraded and result in issues including  water   short-
ages, pest outbreaks,  habitat loss  , and species  extinction  . As such, society will benefi t 
from better understanding ecosystem dynamics so that resources can be managed 
more sustainably to prevent their degradation (also see Chaps.   11    –  16    , this volume). 

 Recognizing that ecosystem components are interconnected (i.e., a change in one 
component directly or indirectly affects others) is an important step in understand-
ing ecosystem dynamics. The goal of the learning activity described below is to help 
students defi ne ecosystems, identify biotic and abiotic components of an ecosystem, 
identify the ecosystem goods and services valued by humans, and understand how 
ecosystem components affect each other. This will be accomplished with movie 
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clips from   Apollo 13   , examining a model ecosystem and creating a visual web of an 
ecosystem’s interconnectedness, all of which prompt a discussion of connections 
between biotic and abiotic elements and how ecosystems relate to human well- 
being. The knowledge gained from these activities should help students better 
understand how human actions can positively and negatively impact ecosystems.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Describe the concept of “ecosystem” and the range of ecosystems’ sizes and 
compositions.  

•   Differentiate between abiotic and biotic components of an ecosystem and iden-
tify how they are interconnected.  

•   Describe ecosystem goods and services and explain their benefi ts for human 
well-being.  

•   Identify how the diversity of and interactions within ecosystems infl uence eco-
system goods and services.     

    Course Context 

•     Developed for a college fi rst-year course with 20–25 students with interests in 
the environment and sustainability  

•   100 min total in one or two class periods  
•   No background knowledge is needed  
•   Adaptable to courses of any level and class size (with modifi cations for larger or 

smaller group activities) that include ecosystem discussions and can be modifi ed 
for longer or shorter durations by assigning activities outside class time and 
shortening discussion times     

    Instructor Preparation and Materials 

 The instructor should be prepared to (a) defi ne “ecosystem” and describe different 
types of ecosystems, (b) defi ne and provide examples of biotic and abiotic ecosys-
tem components (e.g.,  water  ,  soil  , rocks, air, nutrients, plants, microbes, and ani-
mals), (c) discuss how an ecosystem’s components are interrelated, (d) defi ne and 
provide examples of ecosystem goods and services, and (e) discuss the monetary 
value of ecosystem goods and services. For (a)–(c), Nature Education ( 2014 ) and 
the linked pages therein provide basic defi nitions and a review of these concepts; 
unfamiliar readers could also consult with introductory biology and  ecology   
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textbooks for more background as needed. For (d) and (e), Table 1 from Costanza 
et al. ( 1997 ) lists 17 types of ecosystem goods and services (e.g., climate regulation, 
water supply, and pollination), summarizes their benefi ts for humans, and provides 
estimates of their monetary  values   (also see Costanza et al. ( 2014 ) for an update). 
Additionally, instructors can refer to Groffman et al. ( 2004 ) for further explanation 
and useful diagrams of ecosystems’ structure and function. 

 The instructor should become familiar with the premise of the movie   Apollo 13    
(1995), review and download fi ve clips from it (12:10 min total time), and be able 
to discuss how each clip refl ects the ecosystem concept (background information 
and links are provided in Electronic Supplementary Materials (ESM)-A). Instructors 
should also read Costanza et al. ( 1997 ); Table 1 will be used in Part 3 of the activity 
and can either be projected on a screen or given to students as a handout. If desired, 
an ecosystem worksheet (ESM-B) for student use during the learning activity could 
be downloaded and printed. 

 Prior to the start of class, the instructor should also choose a model ecosystem for 
students to examine (see  Part 4  below). The model can be (1) an  Ecosystem in a 
Bottle  (described below), (2) an image (to be projected or provided as a handout; an 
example is provided in ESM-C), or (3) a nearby outdoor location (visible from the 
classroom or that the students are taken to). The chosen model should have as many 
components as students in the class to allow for individual student representation of 
each ecosystem component in the interconnectedness activity as outlined in Part 5 
below. If the class size is larger than 25 students, consider splitting the class into two 
groups for Part 5 as there may be more students than ecosystem components. If 
using the constructed  Ecosystem in a Bottle , instructors must decide whether to 
construct one for each group (approximately three to fi ve students per group) or one 
for the entire class. 

 In the authors’ experiences, the bottle ecosystems are the most effective model 
because they allow for small group participation while in the classroom setting and 
are an intriguing hook and conversation topic. These small, enclosed ecosystems are 
made from two-liter soda bottles. Instructions for constructing the  Ecosystem in a 
Bottle  are available through Mitton ( 2010 ), Wisconsin Fast Plants ( 2003 ), and in 
ESM-D. Depending on what materials the instructor already has available, costs to 
construct an  Ecosystem in a Bottle  can range from US$ 5 to US$ 45. While it is not 
critical to use the exact species listed in ESM-D, inclusion of at least one of each of 
the following biotic organisms is recommended: goldfi sh, snail,  water   plant (oxygen-
ator), insects (any type), and terrestrial plant(s) (e.g., grass). Abiotic items that should 
be included are rocks,  soil  , water, and decomposing  organic   matter (e.g., fruit, leaves, 
and twigs). A full list of ecosystem components is provided in slide 5 of ESM-D. 

 Instructors are advised to review the lesson activities and estimated times for 
completing each activity below before implementing the lesson. Instructors may 
wish to reduce the amount of in-class time allotted for the activities (e.g., have stu-
dents watch the movie clips prior to class, decrease discussion time) to conduct all 
activities during a single class. Likewise, instructors may wish to conduct the activi-
ties over two class periods (e.g., Parts 1–3 during the fi rst class period and Parts 4–5 
during the second class period). 
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 Additional materials needed to complete the activity include two packs of differ-
ently colored Post-It notes or labels (one color each for abiotic and biotic compo-
nents; at least one label for each student), one marker, and one spool of string or 
yarn (~100 ft.) for each group that will be making a web (i.e., one group for a class 
with <25 students or two for >25 students). As an alternative, the instructor could 
also prepare photos of the ecosystem components to post on the board during Part 5 
to create the ecosystem web (see ESM-C).  

    Activities 

    Part 1:   Apollo 13    Movie Clips (15–20 min) 

 At the start of class students watch the fi ve   Apollo 13    movie clips. The instructor 
could prompt students to think of ecosystems while watching the movie clips, but in 
the authors’ experiences, not doing so creates a more engaging exercise because the 
mysterious nature of this approach tends to capture the students’ attention. Instead, 
the instructor can ask students if they have seen the movie and, as desired, give a 
brief overview of the Apollo 13 mission. After viewing, the class should discuss 
what was happening in each clip in the context of the Apollo 13 mission. (In the 
authors’ experience, discussions in Part 2 are more fruitful if this discussion is 
explicitly included.) At this point, it is recommended that further discussion of how 
the movie clips relate to ecosystems be delayed until after Part 2 is completed. 
Students can be told that the movie clips will be revisited following a brief discus-
sion about ecosystems.  

    Part 2: Ecosystem Discussion (15–20 min) 

 Next, the instructor asks the class to defi ne the term “ecosystem.” To ensure engage-
ment, the instructor could ask students to write responses individually or conduct a 
think–pair–share. Then the instructor should solicit responses and write them on the 
board before presenting a defi nition using the students’ best responses; this defi ni-
tion should be based on level and ability of the class. Next, the instructor asks for 
examples of ecosystems. Students will likely name large familiar ones such as the 
Amazon rainforest but may need prompting to list smaller ecosystems such as 
ponds, gardens, and patches of trees. Once a set of diverse ecosystems are identifi ed, 
the instructor highlights the breadth of their sizes, types, and climates. At this point, 
the instructor asks students to write down how the   Apollo 13    movie clips are related 
to the topic of ecosystems (see ESM-A for suggestions). The instructor should 
solicit responses and write them on the board, noting that the connections will be 
revisited later in the lesson.  
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    Part 3: Ecosystem Goods and Services Discussion (15–20 min) 

 Following the ecosystem discussion, the instructor asks the class to defi ne the more 
general terms “goods and services” (i.e., in an economic sense) and provide exam-
ples of each, with responses recorded on the board. (For instance, goods are physi-
cal items such as books and  cell phone  s, while services are intangible actions and 
processes such as cooking dinner and getting a haircut.) The instructor then asks 
the class as a whole, individually, or as a think–pair–share to defi ne “ecosystem 
goods and services” and provide examples of each; responses are written on the 
board. Depending on the level and ability of the class, the instructor may need to 
provide an initial example to help guide students. Next, the class compares these 
class lists to Table 1 from Costanza et al. ( 1997 ) which can be projected or given as 
a handout. The instructor could lead a short discussion about the table, beginning 
with any previously learned information (e.g., plants provide oxygen, shade, and 
 food  ) and ending with some less well-known services. Next, the instructor intro-
duces the concept of estimating global value of all the Earth’s ecosystem goods and 
services and the diffi culties and uncertainties in valuing intangibles (e.g., pollina-
tion). Students could be asked to guess this annual value before it is shared: 
US$ 125 trillion (10 12 ) annually (Costanza et al.  2014 ). The instructor should ask 
the students what happens if an ecosystem good or service is reduced or lost, 
whether it could be replaced, and if so, how. The instructor should prompt the stu-
dents to think back to the   Apollo 13    movie clips, asking, what service was lost and 
what did the astronauts do to try and replace it? If desired, the instructor may extend 
the discussion by asking students to evaluate solutions to replace lost ecosystem 
good and services in this context.  

     Part 4: Ecosystem in a Bottle (15–20 min) 

 As a transition, the instructor may wish to briefl y review the main points covered 
during Parts 1–3. The instructor then divides the class into groups of three to fi ve 
students and introduces (and distributes as relevant) the model ecosystem (i.e., the 
 Ecosystem in a Bottle , image, or outdoor view). Each group is asked to fi rst 
observe and then list the model’s abiotic and biotic ecosystem components. Lists 
of suggested ecosystem components are included in ESM-C (image model) and 
ESM-D (bottle model). One by one, the instructor calls on students asking each to 
identify an ecosystem component and state whether it is abiotic or biotic. The 
name of the ecosystem component is written on a color-coded label (one color 
each for abiotic and biotic elements) and given to the student. Students place their 
labels on their shirts, taking the identity of that component, and standing in a des-
ignated spot in the room until all students have been given an ecosystem compo-
nent. If there are more students than ecosystem components, the instructor should 
have prepared materials for two (or more) webs. (For each identifi ed component, 
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two labels will be created and given to two students; these students should stand 
in separate designated spots in the room creating two groups.) If additional com-
ponents are needed, students could be asked to list components not found in the 
model(s).  

    Part 5: Ecosystem Component Interconnectedness (20–25 min) 

 With students in the roles of components from an ecosystem, the instructor leads 
them through the creation of an ecosystem web. The instructor selects one student 
to start the web (e.g.,  water  , sun, or  soil  ) and gives him/her the end of the string. The 
instructor asks that student to identify one component to which they are connected 
from among the labeled students and to explain the connection. The spool of string 
is unwound to connect the starting and identifi ed components. The student identi-
fi ed by the starting student, then describes a connection to a third component, and 
physically establishes the relationship by passing the string to that student. This 
process is repeated until all ecosystem components (i.e., students) are connected via 
the string thus creating a web. The fi nal student to be selected can identify a connec-
tion to one of the components already selected. Remind the students to hold the 
string tightly in their hands so the web remains intact as it is developed. Alternatively 
to using string and students, the instructor may choose to post photos or labels of the 
ecosystem components on the board and have the students draw lines to connect the 
components (see an example in slide 4 of ESM-C). 

 Once the web is completed, the instructor simulates a few  disturbance   or stress 
events. For example, a drought is simulated by pulling  water   away from the group 
(while all students including water still hold the string) thus causing the strings to 
tighten and pull on other ecosystem components. Other examples of stressors 
are species loss,  pollution  ,  competition  ,  invasive species  , and  population growth  . 
The instructor can use their discretion developing their own approaches to altering 
the web based on class context and interests. With each event, the instructor asks the 
class what happened when one ecosystem component was “disturbed”: how were 
the other ecosystem components affected and how might this affect ecosystem 
goods and services? The instructor should encourage the students to relate the inter-
connectedness of ecosystem components back to the model ecosystem analysis and 
the   Apollo 13    movie clips. For example, what happens when the amount of heat 
(i.e., thermal  energy   as measured by temperature) inside the  Ecosystem in a Bottle  
increases (e.g., climate change)? What would happen if a pollutant was inserted into 
the  Ecosystem in a Bottle?  What happened when one of the oxygen tanks was 
destroyed in  Apollo 13  and the astronauts were forced into the lunar module? The 
instructor should wrap up the activities by helping the students relate what they 
learned to a real ecosystem with regard to goods and services provided and inter-
connectedness of ecosystem components. Suggested responses to these questions 
and a wrap-up example are provided in ESM-E.   
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    Follow-Up Engagement 

•     Additional questions and suggested ecosystems are provided in ESM-F.  
•   Assign students a short writing assignment in which they use Table 1 from 

Costanza et al. ( 1997 ) as a guide to discuss the human benefi ts from a specifi c 
ecosystem service that is important to them.  

•   Explore how humans can protect and restore ecosystems. Assign students an 
ecosystem (suggestions provided in ESM-F) and ask them to research and list (1) 
threats to the ecosystem, (2) how the ecosystem can be protected, and (3) effec-
tive ways to restore or reclaim existing damage. (See Chaps.   12    ,   13    ,   16    ,   17    ,   19,     
and   20    , this volume, for related activities.)     

    Connections 

•     The lesson can be related to the loss of habitats and  biodiversity   and the politics 
of  conservation  . Consider the reasons for legislation such as the Clean Water 
Act,  Clean Air Act  , and Endangered Species Act, and the impact of such legisla-
tion on ecosystem health.  

•   Throughout a course, ask students to analyze a topic considering anthropogenic 
impacts on ecosystems (e.g.,  agriculture  , deforestation, mining, and  urbanization) 
and how those can alter the connections among ecosystem’s components (e.g., 
Chaps.   11    –  20    , this volume).  

•   The impact of economic-based decisions on ecosystems can be explored using 
an  Ecosystem in a Bottle . (For a game-based economic activity, see Verutes and 
Rosenthal ( 2014 ).)  

•   The lesson can be used as a starting point to examine  pollution   and  environmen-
tal justice  . For example, the extraction and processing of natural resources often 
occurs in economically disadvantaged regions of the world resulting in higher 
levels of pollution which disproportionately affect local communities. (For 
related references and activities, see Chaps.   27    –  33    , this volume.)         
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    Chapter 11   
 Using Soil Organisms to Explore Ecosystem 
Functioning, Services, and Sustainability                     

       Jessica     Baum      and     Rachel     Thiet        

       Introduction 

 Soil organisms play crucial roles in the maintenance of ecosystem functioning and 
the provision of ecosystem services, agricultural productivity and sustainability, 
ecological and community  resilience  , and climate regulation (Nardi  2007 ; Bardgett 
and Wardle  2010 ; Schimel  2013 ; Wagg et al.  2014 ). Despite increasing global 
awareness about these critical roles of  soil   organisms (Wall and Six  2015 ), many 
classes that include content about soil emphasize physical and chemical properties 
(e.g., pH, texture, and moisture) while neglecting soil biology. This is problematic 
because students cannot achieve deep understanding of ecosystems without knowl-
edge about soil organisms and their  ecology  . This, in turn, compromises the effec-
tiveness of our students when they become professionals in ecology, farming, 
teaching, public planning, resource management, and many other areas. Additionally, 
expanding the realm of student knowledge to include belowground organisms and 
activities enriches the understanding they bring into their personal lives as citizens 
of the world. 

 Further, courses that de-emphasize or ignore  soil   organisms miss an opportunity 
to engage students in fun, experiential learning about some of the most unique and 
fascinating organisms on the planet. The goal of the playful, learner-centered activ-
ity described in this chapter is to introduce students to soil organisms, their relation-
ships to one another, and their roles in ecosystem functioning, ecosystem services, 
and sustainability. It is adapted from an activity from Byrne ( 2013 ) by adding a 
station-by-station, student-led teaching and worksheet component (possibly with 
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live organisms) to emphasize the connections of soil organisms to ecosystem func-
tioning and services, sustainability, and human well-being. Through engaging in 
active inquiry and discovering soil creatures and their ecological functions, students 
can begin to understand the world beneath their feet and appreciate that soil organ-
isms are essential for maintaining ecosystem sustainability and human well-being 
(also see Chap.   10    , this volume).  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Identify and describe various  soil   organisms, their relationships in  food    web  s, 
their ecological functions in soil, and the benefi ts they provide to human 
society.  

•   Explain the primary ecosystem functions and services of one taxonomic group of 
 soil   organisms.  

•   Apply new understanding of  soil    ecology   and soil  food    web  s to their analysis of 
ecosystem services in various ecosystem types, including agricultural ones.  

•   Integrate understanding of  soil   organisms into broader comprehension of  ecol-
ogy  , ecosystem functioning and services, sustainability, and human well-being.     

    Course Context 

•     Developed for a graduate-level  soil    ecology   course with 15–20 students  
•   60 min in one class meeting, with 5–10 min preparation in the previous class  
•   Before class, students research and prepare to present about their assigned organ-

isms. Ideally, students will have had some instruction in taxonomic  biodiversity   
and ecosystem  ecology    

•   Adaptable to various class sizes (e.g., 10–40 students) and learning levels (e.g., 
high school, college, and graduate school). The activity can be introduced into 
any  ecology  , biology, environmental  science  /studies, or sustainability course at 
various points in the curriculum    

       Instructor Preparation and Materials 

 Prior to this activity, instructors should review the primary  soil    food    web   constitu-
ents, their relationships, and their main ecological functions (see Electronic 
Supplementary Materials (ESM)-A for suggested resources). Also, the instructor 
must prepare assignment cards to distribute to students the week prior to the in-class 
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activity. These 3 × 5″ cards should have the names of various groups of soil organ-
isms (hereafter “organisms”) at the top of each (see Box  11.1  and also Byrne  2013 ). 
The instructor should select half as many organisms as there are students and pre-
pare two cards per organism (e.g., for a class of 20 students, 10 organisms would be 
selected with two cards per organism). The instructor randomly hands out one of the 
organism cards to each student. Students are then prompted to engage in an internet 
scavenger hunt for large color images and/or videos (e.g., from YouTube) and infor-
mation about their organisms. Students are to become “experts” on their assigned 
organisms so they can teach their classmates about them. To prepare for this, they 
should be told to bring several printed or electronic images or videos (along with 
electronic devices to show the latter two) of their organisms to class on the desig-
nated date and, based on their research, write the following information on their 
cards (modifi ed from Byrne  2013 ):

    1.    What their organisms eat   
   2.    What eats their organisms   
   3.    What their organisms do in  soil   (their functions) and their effects on 

ecosystems   
   4.    Three fun facts about their organisms (Byrne  2013 )   
   5.    At least two questions they have about their organisms.    

  Instructors must also print one sign per  soil   organism group to identify stations 
set up around the classroom where students will present their research fi ndings (one 
station per assigned organism; Box  11.1 ). To expand and enrich the activity, live or 
preserved specimens corresponding to the assigned organisms can be included at 
these stations. To prepare, the instructor can purchase (e.g., from a biological speci-
men distributor), collect from the fi eld, or culture (e.g., bacteria and fungi) live soil 
organisms to populate stations. Preserved specimens (e.g., springtails and mites) 
may also be used and can be also purchased. Alternatively or in addition, if the class 
has access to outdoor space with soil, students can participate in scavenger hunts in 

   Box 11.1. Sample Soil Organism Groups 

•     Soil bacteria (e.g., actinomycetes, azobacteria)  
•   Mycorrhizal fungi  
•   Saprophytic fungi (e.g., basidiomycetes)  
•   Nematodes  
•   Protozoa (e.g., amoeba, ciliates, euglena)  
•   Mites  
•   Springtails  
•   Earthworms  
•   Enchytraeids (white worms)  
•   Insects (e.g., ants, beetles)  
•   Arachnids    
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pairs prior to this lesson to fi nd soil organisms, identify and research them as 
described above, and bring them to class for the activity (Nardi  2007  is an excellent 
resource for identifying soil organisms in the fi eld). As appropriate and possible, 
stations should also be equipped with proper instrumentation for students to observe 
the organisms (e.g., dissecting and compound microscopes, microscope slides, dis-
secting probes, Petri dishes, etc.) If materials to observe microscopic organisms are 
not available, instructors can choose and assign solely macroscopic organisms. 

 A chalk- or whiteboard or fl ipchart paper will be needed for constructing the  soil   
 food    web   diagrams following the station activity. Instructors should also prepare 
and print educational level-appropriate worksheets for each student to complete 
during the activity; suggested high school, college, and graduate school worksheets 
are provided in ESM-B, ESM-C, and ESM-D. 

 This activity may be modifi ed for larger or smaller classes by adjusting the num-
ber of organisms or for different age levels by modifying the sophistication with 
which the organisms, their relationships, and their functions are addressed and dis-
cussed (as in ESM-B, ESM-C, and ESM-D). For example, for smaller classes, fewer 
organisms can be used while keeping the structure of the activity the same. 
Alternatively, students can each become an “expert” on two organisms, and the 
activity can be run in four rounds, with each student acting as an “expert” for two 
rounds and a “learner” for two rounds (see activities’ description below). For larger 
classes, more organisms can be added (e.g., lower-level taxonomic groups), and/or 
the activity can be run as two or more simultaneous rotations, wherein each rotation 
occurs in a separate space in the classroom and has two “experts” for each organ-
ism. To increase the sophistication of the activity, upper-level undergraduates and 
graduate students may also be required to fi nd, read, and bring to class one peer- 
reviewed  journal   article pertaining to their organism. Instructors may then require 
these students to provide an annotated summary of the paper, summarize the paper 
for their classmates, or refl ect and report upon how human land use decisions, cli-
mate change, or some other  disturbance   may affect their  soil   organisms and vice 
versa. 

       Activities 

 On the day of the activity, the instructor sets up stations throughout the classroom, 
each designated by a sign denoting the assigned organisms. The instructor should 
initiate the activity with a brief introduction to  soil    biodiversity   (see ESM-A for 
suggested resources) and, where appropriate, refer to prior lessons about biodiver-
sity,  food    web  s,  energy   exchange, and the role of organisms in ecosystem processes 
and services. Using their “expert” information cards prepared before class, students 
are invited to engage in 20-min rounds of discovery, in which each student has the 
opportunity to be the representative “expert” teacher for their prepared organism. 
Students will spend the other round(s) as information-seeking learners, when they 
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will be given 20 min to visit each station. Students are instructed to go to their 
assigned stations and decide which of the student pair will fi rst be the “expert” and 
which will be the learner. When the instructor indicates the start of the activity, 
“experts” remain at their stations as the learners informally travel around the room 
from station to station. As the learners approach each station, “experts” teach about 
their organism using the information on their cards, images, and/or videos and 
learners are encouraged to ask questions while completing the assigned worksheets 
(ESM-B, ESM-C, and ESM-D). After 20 min, the instructor signals students to 
switch, at which point the “experts” become the learners and vice versa, and the 
new group of learners circulates among the different stations. 

 After visiting the organism stations, the instructor guides students in assembling 
their cards into a  soil    food    web   diagram by taping cards to a large piece of paper or 
board and drawing arrows among organism groups to denote feeding relationships 
and  energy   transfer relationships (see Byrne  2013  for details, including an example 
web diagram). The activity ends with a 10–15 min wrap-up discussion in which the 
instructor has students share “fun facts” they found fascinating or “mind-blowing,” 
in addition to questions the activity raised. The instructor can document student 
questions and observations on the board for follow-up inquiry and discussion. In 
this share-out, the instructor should help students deepen and apply their learning by 
helping them to identify the relationships among soil organisms and between soil 
organisms and other  ecology   and sustainability topics such as ecosystem function-
ing, provisioning of ecosystem services, agricultural productivity and sustainabil-
ity, food security, plant ecology, climate change, and human well-being (see 
Box  11.2  for suggested questions). Instructors may wish to choose only one or two 

    Box 11.2. Wrapping Up: Questions for Discussion 

•     Which organisms you observed depend upon one another and how?  
•   What would happen to the  food    web   if one  soil   organism or functional 

group were removed or added?  
•   How do  soil   organisms affect ecosystem functioning, and what ecosystem 

services do soil organisms provide?  
•   How might certain land management decisions (e.g., deforestation, tillage, 

development, restoration) affect the  soil    food    web  ?  
•   How could alteration of the  soil    food    web   affect agricultural productivity 

and sustainability?  
•   How do  soil  -mediated ecosystem functioning and ecosystem services 

affect human societies and well-being?  
•   How might changes in aboveground dynamics (e.g., deforestation, plant 

invasion) affect the  soil    food    web  ?  
•   What are some feedbacks between  soil   organisms and regional and global 

climate?    
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applied topics to focus on for discussion to make the activity as applicable as 
 possible to their course content and curriculum and to honor student level and 
sophistication (see ESM-A for suggestions).  

    Follow-Up Engagement 

•     Students can compare  soil   organisms and  food    web  s across various biomes (e.g., 
tundra, taiga, tropical, etc.) by researching a  biome  -specifi c soil organism, creat-
ing biome-specifi c food webs, and then discussing their similarities and differ-
ences and their respective effects on ecosystem processes and services.  

•   Students can visit a local farm to talk with farmers about how they manage the 
 soil  . Beforehand, students can construct an agricultural soil  food    web   and dis-
cuss the effects of different farm management strategies on soil organisms and 
vice versa. Students can be asked to read and summarize articles about soil 
organisms and sustainable agricultural productivity and then prepare questions 
for the farmer about agricultural land management.  

•   Instructors can plan a fi eld trip to a local forest for a follow-up  soil   scavenger hunt 
(ESM-E, ESM-F) that will give students an opportunity to fi nd new soil organ-
isms and engage in extended discussions about relationships among plants, soil 
organisms, other ecological variables, and sustainability (see Box  11.2  for sug-
gested discussion points; also see Chap.   10    , this volume, for related activities).  

•   Instructors may assign additional readings to stimulate and guide discussions 
about relationships between  soil   organisms and global climate change, global 
 nutrient cycling  , aboveground-belowground dynamics, agricultural sustainabil-
ity, and socioeconomic factors (see ESM-A for suggested resources).  

•   Students may conduct and summarize a literature review about their organisms 
in a short blog entry, some other form of social  media  , or a brief research paper 
that makes connections between their organism(s) and a chosen applied topic 
(see Box  11.2  for suggestions).     

    Connections 

•     Soil organisms play a central role in ecosystem  ecology   and global biogeochem-
istry and thus profoundly infl uence  nutrient cycling  , primary productivity, and 
climate change. Understanding the  complexity   of belowground  food    web  s and 
potential implications of human impact upon them enriches students’ ecological 
 values  , encouraging them to incorporate a broader  worldview   in approaching 
issues around climate change.  

•   Soil organisms have critical roles in the sustainability of natural and agricultural 
systems,  food   systems, human well-being, and community  resilience  . As such, a 
disruption in the balance of  food web  s has implications that extend to political, 
economic, and social concerns.  
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•   Land use decisions (e.g.,  agriculture  , deforestation, development, restoration) 
have complex, site-specifi c effects on  soil    food    web  s and their effects on ecosys-
tem sustainability and vice versa. Understanding the complex relationships of 
belowground organisms can help deepen the attitudes and  values   of students to 
encompass a more holistic  worldview   in assessing the impacts of land use deci-
sions (e.g., see Chaps.   12     and   20    , this volume).        

  Acknowledgments   Thank you to all of the Antioch University New England Soil Ecology stu-
dents for providing feedback that has informed and inspired these activities.  
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    Chapter 12   
 Fire, Pollution, and Grazing: Oh My! A Game 
in Which Native and Invasive Plants Compete 
Under Multiple Disturbance Regimes                     

       Heather     E.     Schneider      and     Lynn     C.     Sweet       

       Introduction 

 Human activities have facilitated the spread of plant propagules throughout the 
world, leading to the introduction of exotic species to new environments. Some of 
these exotics will become invasive and alter ecosystems in numerous, sometimes 
negative, ways. Invasive plants can signifi cantly degrade wildlife habitat, alter  soil   
 nutrient cycling  , increase the risk of wildfi res and fl oods, consume large amounts of 
 water  , and disrupt other ecosystem services (Vilà et al.  2011 ; also see Chaps.   9    –  11    , 
this volume). Such problems may require costly mitigation or management by 
humans (e.g., managing invasive plants in  grazing   and agricultural systems in the 
USA costs $30 billion per year) (Hejda et al.  2009 , Cal-IPC  2014 , van Andel and 
Aronson  2012 ). In some instances, managing invasives may be diffi cult or impos-
sible depending on the scale of the invasion. Furthermore, environmental conditions 
created by disturbances (e.g., fl ood,  fi re  ) and anthropogenic impacts (e.g.,  pollution  , 
livestock grazing) can alter the competitive balance between native and invasive 
plants and complicate management efforts (see additional references in Chap.   9    , 
this volume). 

 The activity described here is an interactive game designed to introduce students 
to the causes, consequences, and management of exotic plant invasions in the 
 context of different ecosystem perturbations. By playing the game, the goal is for 
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students to learn about plant community dynamics with a focus on  competition   
between invasive and native plants, the impacts of disturbances on interspecifi c 
interactions, and the challenges and threats facing the management and  conserva-
tion   of native vegetation and ecosystem services. Although the game’s materials 
were designed for ecosystems characteristic of Southern and Central California 
(presented here as a case study), the materials can be adapted for any regional fl ora.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Defi ne and differentiate among the characteristics of native, exotic, and  invasive 
species.    

•   Defi ne and distinguish among the effects of anthropogenic impacts and natural 
disturbances in ecosystems (e.g.,  fi re    disturbance  ,  pollution  ,  grazing  ).  

•   Explain how invasive plants can alter ecosystem structure and function.  
•   Analyze how different environmental conditions created by disturbances and 

human activities might change the local abundance and spatial extent of native 
and invasive plants.  

•   Design a management scenario that conserves native species and ecosystem ser-
vices by reducing  invasive species   abundance.     

    Course Context 

•     Developed for 20–25 sophomore high school students in a survey course covering 
a variety of topics in basic botany and plant  ecology  . Best suited for classes of 
10–50 students  

•   60 min in one class meeting  
•   Before class, students read the case study and fi ll out a vocabulary worksheet. In 

class, the suggested introductory presentation provides the necessary background 
for the activity  

•   This activity could be adapted for a college course by providing more in-depth 
information about the species and increasing the diffi culty of challenge ques-
tions, as well as assigning a research project outside of the classroom (included 
in the “Follow-Up Engagement” section)     

    Instructor Preparation and Materials 

 Instructors should familiarize themselves with basic ecological concepts involving 
ecosystem structure and function (e.g., Chaps. 14–15 in Gurevitch et al.  2006 ; 
Section 3.4 in Sekercioglu  2010 ), natural  disturbance   of and anthropogenic impacts 
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on native ecosystems, invasive plants (Mack et al.  2000 ; Cal-IPC  2014 ), and invasive 
plant management (van Andel and Aronson  2012 ; Cal-IPC  2014 ; also see Electronnic 
Supplementary Materials (ESM) A for additional resources and basic content rele-
vant to the lesson). The instructor may also wish to research local native and  invasive 
species   using online references (see ESM-A) to adapt the activity to be regionally 
specifi c. The instruction guide (ESM-B) provides step-by-step instructions for 
implementing the activity and notes for modifi cations. Instructors should review and, 
as needed, modify the provided presentation slides (see Electronic Supplementary 
Materials on website; ESM-A) and vocabulary/case study background worksheet 
(ESM-C). Students should be given the vocabulary and case study background hand-
out (ESM-C, printed out double sided) at a class meeting prior to the activity and 
asked to research and fi ll out the defi nitions before class so that they are ready to 
share them with their peers during the introductory presentation. 

 A set of activity cards for the game (ESM-B includes examples from a Southern 
California ecosystem; see ESM-B for more information on how to play the game) 
should be printed double sided, in color on 8.5 × 11″ paper, one card per student, 
plus a few extras; for durability, they can be printed on cardstock or laminated. 
Instructors may modify the species and disturbances on the cards in ESM-B to 
match local ecosystems, if desired. 

 This activity requires open fl oor space so that students can segregate into groups 
and move about the classroom. If space is limited, students can participate from 
their desks and stand or sit, depending on whether or not they are actively participat-
ing in the game. Similarly, students could line up around the perimeter of the room 
if open fl oor space is not available.  

    Activity 

 First, the instructor goes through the introductory presentation (see the introductory 
slides 2–18 in ESM-A), introducing the concepts of invasive and native species and 
disturbances (~20 min), and provides an overview of the game to the students (slides 
19–23), before beginning the game. The game can be summarized as an activity that 
will interactively demonstrate the fl uctuations in native and invasive plant abun-
dance in a community that is experiencing natural disturbances or anthropogenic 
impacts. The goal of the activity is for students to visualize changes in communities 
of plants containing invasive and native species, while learning how populations 
may change based on disturbances and anthropogenic impacts. The students will act 
 as  plant species for the activity, responding to environmental changes based on 
information they are given. (For this point, it may be helpful, and fun, to encourage 
students to “get into character” by imagining themselves as their assigned plant.) 
The events in the game mirror those that affect the dynamics of real plant popula-
tions and communities: survival, mortality,  competition  , and reproduction. 

 Next, the students will play the game, in two rounds, with each round taking 
5–10 min, depending on the class size. (Additional rounds, which may have differ-
ent results and enhance student learning, may be played if time allows.) Each round 
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consists of all students moving around the classroom, recording population data 
(by fi lling out the charts starting on slide 24), and answering challenge questions 
(from ESM-B) based on introductory material. Briefl y, the game proceeds as fol-
lows (see ESM-B for detailed instructions):

    1.    After introducing the game (see above and slides 19–23), students are assigned 
the identity of either a native or invasive plant species based on the description 
on the card they are given (ESM-B). These will form the basis of creating two 
teams: Natives and Invasives.   

   2.    For Round 1, go through steps (a) and (b) (below) for the natural  disturbance   
regime. Then for Round 2, repeat these steps with the anthropogenic regime 
(ESM-B contains a script for the instructor to guide these steps):

    (a)    The instructor will read the name of a  disturbance   or population-level event 
( competition  , reproduction), resulting in students either remaining standing 
(survival), sitting down (mortality), or rejoining the group (reproduction), 
depending on the biological response to the event stated on their card.   

   (b)    As the game progresses, the instructor should tally the number of native and 
invasive individuals in play on the table provided (slides 24–25) or into the 
fi llable charts on the next slide (slides 26–27). Students should be asked to 
take note of the changes in the total population of natives vs the total popula-
tion of invasives and discuss them after the game.    

      3.    After two rounds (or more if time allows), the wrap-up “Questions for Discussion” 
in the presentation (slide 28) can be used to recap the activity with the whole 
class. Students may answer questions as a group or through a “ think-pair- share  ” 
exercise.    

      Follow-Up Engagement 

•     The following prompts can be used for extended discussions, take-home assign-
ments, and assessment of learning:

 –    Can the outcome of individual plant  competition   affect the ultimate species 
composition of a community? If so, in what circumstances are these competi-
tive interactions most important?  

 –   Are some species better able to quickly “take over” than others? Which bio-
logical event or species characteristic (reproduction, competitive success, or 
 disturbance   survival) seems to have made the most difference in this 
activity?  

 –   List the steps of a species’ invasion (from slide 10 in ESM-A).  
 –   What is the difference between an anthropogenic  disturbance   and a natural 

disturbance? How can anthropogenic impacts affect natural disturbances?  
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 –   Give an example of two species from the game that responded differently to 
the same  disturbance  . Why might they have responded differently?  

 –   Draw a graph depicting the “Intermediate Disturbance Hypothesis” (from 
slide 15 in ESM-A) and explain the theory behind it.  

 –   Describe two examples of anthropogenic and natural disturbances. Research 
two examples relevant to an ecosystem in the state or region you live in and 
summarize how each example impacts plant species.  

 –   Design a scenario that combines natural disturbances and anthropogenic 
impacts with direct management techniques to promote native species success 
and reduce  invasive species   abundance. Research the invasive species and cite 
sources supporting your plan for  disturbance   and management and why this 
plan is predicted to work. Also, describe the plan’s expected costs, required 
labor, and timeline (e.g., will invasives be controlled after one treatment or 
will this be a multiyear effort?).        

    Connections (See ESM-A for References About These Topics) 

 The issue of  invasive species   can be discussed in the context of other environmental 
and sustainability topics, including:

•    Land-use change, such as  urban   development, can cause ecosystem changes that 
favor  invasive species   over natives. Roads can create corridors of habitat con-
nectivity that facilitate the spread of invasive species from one area to another.  

•   Air,  water  , and  soil    pollution   can affect species invasions. For example, anthro-
pogenic nitrogen pollution, from the burning of  fossil fuels   and fertilizer applica-
tions, alters nutrient availability, which may be disproportionally benefi cial to 
 invasive species   (also see Chap.   9     for references).  

•   Climate change can enhance the problems caused by  invasive species  . For example, 
in arid and semiarid ecosystems, the increased frequency and intensity of 
wildfi res due to climate change can increase invasive plant abundance.  

•   Management of  invasive species   and restoration of natural systems are also a 
social and moral issue. Both activities have major economic impacts and inspire 
philosophical debates about whether invasives should be removed or accepted as 
part of a changing ecosystem.        
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    Chapter 13   
 Exploring Trophic Cascades in Lake Food 
Webs with a Spreadsheet Model                     

       Kyle     A.     Emery     ,     Jessica     A.     Gephart    ,     Grace     M.     Wilkinson    ,     Alice     F.     Besterman    , 
and     Michael     L.     Pace       

       Introduction 

 An ecosystem is a space in the environment, of any size, in which the living and 
nonliving components of that environment interact. The living organisms form 
 food    web  s, which describe the transfer of  energy   and nutrients through trophic 
linkages (e.g., predation). The stability of an ecosystem’s food web, which is 
necessary for conserving its species or feeding human populations, depends on 
both biological and physical factors (see Chaps.   10     and   14    , this volume, for more 
background). Food webs are often at a greater risk of change when affected by 
anthropogenic disturbances, such as reduced  biodiversity   (Pace et al.  1999 ). 
Lakes, for example, are important sources of freshwater, food, and recreation 
while being highly dependent on inputs and management-related decision mak-
ing. A change at one trophic level of a  lake   food web can result in a  trophic cas-
cade  , during which the population size of other levels is altered (Carpenter et al. 
 1985 ; Pace et al.  1999 ; Polis et al.  2000 ). These changes can arise when changes 
in higher levels then affect lower ones (a top-down cascade) or vice versa 
(a bottom-up cascade). The cascading effects can have consequences for both the 
system itself and the humans that depend on it with consequences for ecosystem 
management, ecosystem services, and biodiversity  conservation  . 

 Understanding  trophic cascade  s is important for students who are learning 
about how people’s decisions affect the environments in which they live. The 
goal of this learning activity is for students to discover how anthropogenic 
perturbations can induce trophic cascades in a  lake    food    web  . Students will 
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explore multiple scenarios using a food web spreadsheet model and gain expe-
rience in interpreting model output. This activity will also engage students in 
 hypothesis  -driven thinking and subsequent problem solving through  synthesis   
questions focused on responsible decision making about sustainable ecosys-
tem management.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Describe a  lake    food    web   and  trophic cascade  s within it.  
•   Distinguish between top-down and bottom-up controls on  food    web  s.  
•   State hypotheses for and interpret output from  food    web   model scenarios.  
•   Evaluate strategies to prevent and manage the effects of  trophic cascade  s on  bio-

diversity   and ecosystem services.  
•   Predict causes of  trophic cascade  s in diverse ecosystems and their associated 

consequences for ecosystem services and human health.     

    Course Context 

•     Developed for an intro or advanced  ecology   or biology course with any number 
of students  

•   50 minutes in one class meeting  
•   No background knowledge is needed; instructor presents necessary information 

prior to activity     

    Instructor Preparation and Materials 

 Using this activity requires general knowledge of ecosystem structure and function, 
specifi cally  food    web  s and trophic linkages. The sources cited in the introduction 
will prepare instructors for this specifi c activity, but additional general background 
can be found in Weathers et al. ( 2012 ) and Terborgh and Estes ( 2010 ); for more on 
 trophic cascade  s specifi cally, see Estes et al. ( 2011 ), Ripple and Beschta ( 2012 ), and 
Bunnell et al. ( 2014 ). Instructors can use the instructor guide, student worksheet, 
and glossary (see electronic supplementary materials (ESM) A, B, and C) to orient 
themselves to the model (ESM-D) and in turn help students learn how to use it and 
obtain their results. Worksheets and the glossary should be modifi ed as needed (e.g., 
to match student background, to remove  synthesis   questions for later exam) and 
printed for each student or group of students. Instructors should plan for how stu-
dents will interact with the model and how it will be disbursed (by email or fl ash 
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drive). Ideally groups of students will work on their own computers to allow for 
independent hands-on student-driven  hypothesis   testing (if not, instructors may 
walk students through the model as it is projected to the class). 

 The instructor may use or modify the slides (ESM-E) to present background 
information on the  science   (concepts, defi nitions) and the model (examples, sce-
narios, and associated questions). The background material in these slides will pro-
vide students with an overview of the necessary concepts for this activity, but the 
instructor may revise these depending on the students’ background and degree to 
which the extension activities and  synthesis   are utilized. See the supplementary 
instructor guide (ESM-A) for more details about using and editing the slides.  

    Activities 

 To prepare students for working with the  food    web   model, the instructor should 
begin with a presentation (10–15 min) of relevant background material including 
how to manipulate the model (see ESM-A). Then, students, individually or in 
groups, will run simulations with the food web model (ESM-D) through four sce-
narios (5–7 min each) that can cause  trophic cascade  s through either top-down or 
bottom-up control:  overfi shing  , stocking fi sh, fertilizer runoff, and  invasive species  . 
Students will read through each scenario description and complete the worksheet 
(ESM-B) as they proceed (hypotheses and observations can also be recorded in the 
model fi le). As the students work, the instructor can help students navigate the 
model and interpret the fi gures (see guidance in ESM-A). 

 For each scenario, students should read the description located in the model and 
on the student worksheet. Students should then write down a  hypothesis   stating their 
prediction of what will happen to the  food    web   given the described manipulation in 
the scenario. As desired, the instructor can initiate a brief whole-class discussion 
regarding the students’ predictions before they use the model. After making their 
predictions, students should manipulate the model using low, medium, and high 
 values   from the range of possible values supplied on the spreadsheet. The instructor 
should walk around the class to engage with the students, discussing the simulations 
and addressing any questions. Students should interpret the graphical model output 
and record their observations on the worksheet. After students have made their 
observations, they should answer the  synthesis   questions for that scenario. Responses 
to these questions may be discussed as a group before moving on to the next sce-
nario. These steps should then be repeated for the subsequent three scenarios. 

 As the class progresses through each scenario, the instructor should reemphasize 
the central ecological concepts (ESM-C and E). Questions can be posed to ask for 
explanations of how key concepts such as  eutrophication   or top-down control relate 
to the scenarios. The instructor guide (ESM-A) provides additional guidance and 
examples. The instructor can also extend classroom discussion with the  synthesis   
questions for each scenario, or other situations or ecosystem types (see the 
Follow-Up Engagement section). To conclude the activity, the instructor should 
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facilitate a  discussion (5–10 min) about what the students learned and how under-
standing human- caused  trophic cascade  s can contribute to responsible ecosystem 
management. Students should have gained an understanding of how ecosystems can 
be altered in many ways and how trophic cascades can shift  food    web  s to new compo-
sitions, with consequences for both the ecosystem and those who depend on its 
services.  

    Follow-Up Engagement 

 The following prompts could be used for extended discussion, follow-up assign-
ments, or assessment (e.g.,  refl ection   papers or exam questions); also see the  synthe-
sis   and extension questions in ESM-B:

•    What are some features of or benefi ts from the  lake   that are not in this model that 
a manager should consider?  

•   If you managed this  lake   or its watershed, how would you address the potential 
drivers of a  trophic cascade   (e.g., point vs. nonpoint source  pollution   controls, 
regulate recreational activities, etc.)? Summarize a lake management plan that 
balances the considerations of each scenario. Justify your management deci-
sions. (For a related activity, see Chaps.   16    ,   19    , and   20    , this volume.)  

•   What roles do  ecology   and ecological modeling play in management? What or 
who else infl uences management decisions? How should we balance scientifi c 
information with other considerations such as diverse  stakeholder   interests?  

•   Find a real world example of each scenario explored in class. What caused the  trophic 
cascade  ? How was the situation remedied, if at all? (See ESM-A for examples.)  

•   Choose a different ecosystem and develop a simple  food   chain for that system 
(with four or more species). Identify potential anthropogenic alterations to the 
system that would lead to a  trophic cascade  . Hypothesize how these activities 
will affect the ecosystem and how the modifi ed  food web   will appear.     

    Connections 

•     This activity highlights possible  trade-offs   between economic and environmental 
gains in decision making for the various stakeholders involved.  

•   Ecosystem concepts are introduced that can be further developed in future les-
sons. Refer to Glossary concepts (ESM-C) when appropriate to reinforce the 
ecosystem-level ideas covered in this activity. (Also see Chaps.   10    ,   12    , and   14    –
  16     for related activities.)  

•   In the context of land- and  water  -use lessons, this activity helps demonstrate how 
human management of the environment can be used to promote sustainable eco-
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system management or negatively impact  biodiversity  , system functionality, and 
ecosystem services in the context of  food   production, the effects of  invasive spe-
cies  , and  pollution   (e.g., see Chaps.   12    ,   14    , and   15    –  17    , this volume).  

•   This activity can be referenced as an example of evidence-based decision mak-
ing. Using data to guide decision making is relevant in both  science   and policy 
fi elds (e.g., see Chap.   34    , this volume).        
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    Chapter 14   
 Ants, Elephants, and Experimental Design: 
Understanding Science and Examining 
Connections Between Species Interactions 
and Ecosystem Processes                     

       Christine     M.     Stracey        

       Introduction 

 Students often view the information in textbooks as static facts they must memorize. 
In contrast, scientifi c knowledge is extremely dynamic because the information we 
have today can be rapidly refi ned and even replaced as we learn more about the 
world around us, while much of our knowledge of any given topic is inherently 
incomplete and therefore uncertain. Without an understanding of the dynamic pro-
cess of  science   and how science is conducted, students can become frustrated with 
the seemingly contradictory information in the news and be misled when scientifi c 
issues are debated and become politicized. This is further complicated by the fact 
that decisions are often made based on incomplete information from preliminary 
studies and may in hindsight be judged as “wrong” when new information is 
acquired. The dynamic nature of science is particularly important to understand 
when science is used to make decisions about complex issues involving the environ-
ment and sustainability. Therefore, it is important for students learning about these 
topics to understand the scientifi c process and be able to effectively critique differ-
ent experimental designs, understand the strengths and limitations of any given 
study, and recognize the roles that incomplete information and  uncertainty   play in 
science (also see Chaps.   9     and   24    , this volume). 
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 To address student understanding of the nature of  science  , an activity was devel-
oped using a video abstract from a paper (Goheen and Palmer  2010 ) that examines 
the role of mutualisms in shaping ecosystem properties. Positive species interac-
tions (e.g., mutualisms) have long been treated as less important than negative spe-
cies interactions (e.g.,  competition  ) in structuring ecological communities, but 
recently have been found to have far-reaching consequences for both communities 
and ecosystems (Stachowicz  2001 ; Bruno et al.  2003 ; Kiers et al.  2010 ). Species 
interactions are often taught separately from ecosystem  ecology   (e.g.,  nutrient 
cycling  ), despite the interrelated nature of all ecology. The goals of this learning 
activity are for students to (1) evaluate and critique experimental  design  , (2) under-
stand how interspecifi c interactions can scale up to have ecosystem level effects, 
and (3) for students to recognize and relate to the personal aspect of science by 
watching a scientist describe his study.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Interpret data from published graphs.  
•   Identify key components of experimental  design  .  
•   Discuss inferences that can be made from results generated by different experi-

mental designs.  
•   Identify and describe interspecifi c interactions.  
•   Explain how interactions at one level of ecological organization (e.g., communi-

ties) can infl uence processes at other levels (e.g., ecosystems).     

    Course Context 

•     Developed for in an introductory biology course for majors with 15–30 students 
for use in a unit on ecosystems that followed one on community  ecology    

•   110 min in one class period. The inclusion of introductory and discussion mate-
rial would take additional time or adjustments can be made for a shorter 
implementation  

•   To enhance their success in this activity, students should be familiar with inter-
specifi c interactions and ecosystem processes of  nutrient cycling  . In addition, 
students are likely to struggle with the activity if they have not been exposed to 
basic concepts of experimental  design  , which was a recurring topic throughout 
the semester in the course for which this activity was originally designed. 
Instructors could assign students Chap.   1     from Ruxton and Colegrave ( 2011 ) as 
background reading as appropriate. Students struggle the most with replication 
and being able to provide numerous examples helps students. A familiarity with 
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the strengths and weaknesses of both correlational and manipulative studies prior 
to this activity (addressed in Chap.   2     of Ruxton and Colegrave  2011 ) helps stu-
dents think about the benefi ts of multipart experiments     

    Instructor Preparation and Materials 

 The instructor should be familiar with species interactions, ecosystem processes, 
and the basic principles of experimental  design  . Introductory biology textbooks pro-
vide suffi cient background on community and ecosystem  ecology  . Brief discussions 
of positive interactions can be found in Stachowicz ( 2001 ) and Bruno et al. ( 2003 ), 
while an introduction to ecosystem ecology can be found in Chapin et al. ( 2002 ). 
(Also see Chaps.   10    ,   12     and   13     for more about ecosystems and species interactions.) 
For more background on experimental design, see Electronic Supplementary Materials 
(ESM-A), Ruxton and Colegrave ( 2011 ), and Slutz and Hess ( 2015 ). For a good 
discussion of issues of replication in ecological studies, see Hurlbert ( 1984 ). 

 Prior to the activity, instructors should download the other ESM and familiarize 
themselves with their content, editing them as needed to match their course needs. 
The presentation fi le (ESM-B) does not contain pictures due to copyright issues, so 
it is suggested that instructors add pictures to make the presentation more visually 
appealing. Instructors should watch and download the video (link provided on slide 
3 in ESM-B) and read the primary paper that it is based on (Goheen and Palmer 
 2010 ) to prepare for answering students’ questions and extending the discussion as 
needed. ESM-C contains an instructor script that outlines the times in the video to 
pause along with accompanying discussion questions and suggested answers. ESM- D 
contains a student worksheet with the discussion questions that should be printed 
for students to complete in class. Instructors should help students prepare for this 
activity by ensuring they have suffi cient background understanding of key concepts 
(e.g., through lecture, homework, or other lessons).  

    Activities 

 As context for the exercise, the instructor could review Table 1 with students at the 
start of the activity by providing it as a handout or projecting it on a board such that 
students can reference it throughout the activity. For the activity, students watch a 
5 min video abstract from a recently published paper and work in small groups dur-
ing pauses in the video to answer questions about the study. Following this small 
group work, the class discusses these questions and then proceeds to watch the next 
video segment. Before showing the video, instructors could give a brief introduction 
to the activity (e.g., challenge them to think about how interspecifi c interactions can 
affect ecosystems, review experimental  design   using ESM-A, etc.). Alternatively, 
the video can be shown without prelude as an attention-grabbing device. Hand out 
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the student worksheet (ESM-D) and show the video while pausing at seven points 
as indicated in the instructor script (ESM-C). At each pause, display the corre-
sponding presentation slide (ESM-B) and have students work together in groups of 
two to four to answer the respective questions on their worksheet. Give students 
time (3–6 min) to discuss each set of questions in their groups while circulating and 
providing assistance as needed. It is important to allow students suffi cient time to 
struggle with the experimental design and graph questions before coming back as a 
class and discussing them. Students will usually need more time for question sets 
about experimental design and less time for introductory questions. Question sets 
that require longer time for student work are indicated in the instructor script. The 
worksheet has two sections for each question: one for their answers that they derive 
from their small group discussions and another for any revisions to their answers 
after the class discussion. Encourage students not to change their initial answers, but 
use them as a learning tool that helps them refl ect on and clarify their thinking. 
The summary questions on the worksheet (and on presentation slide 16) can be used 
to conclude the activity, or if time permits, suggestions from the Follow-Up 
Engagement and Connections sections (below) can be used to extend the activity. The 
student worksheet can also be collected and used to assess the learning outcomes. 

 For shorter in-class implementation, students could be given the graphs—or for 
more advanced students, the original paper—to review as homework before class 
during which they write open-ended summaries for each graph or identify the 
dependent and independent variables and the hypotheses being tested. Alternatively, 
the questions could be used as “clicker questions” embedded in the presentation 
slides that students respond to with handheld devices, which could also be used as a 
modifi cation for larger class sizes.  

    Follow-Up Engagement 

•     Ask students to think about why most  conservation   is focused on so-called char-
ismatic megafauna, like elephants, while very little attention is given to inverte-
brates, such as ants. What are some possible arguments for focusing on 
charismatic megafauna? Using the results of this study, ask them to make an 
argument for paying more attention to less charismatic species. (For a related 
activity, see Chap.   18    , this volume.)  

•   Students can be assigned an activity in which they propose a follow-up experi-
ment addressing a  conservation   issue that includes all the elements of experi-
mental  design   (see ESM-A). Students can then peer review these, and the class 
can discuss the strengths and limitations of different designs.  

•   Have students critique the news story regarding this study (Bhanoo  2010 ). Did it 
leave out important information? Does it help explain aspects of the study that 
were unclear from the video abstract? (See Chap.   37    , this volume, for a relevant 
activity.)  
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•   Have students read the newspaper article (Dean  2008 ) about a different study of 
the effects of ant-plant mutualisms (Palmer et al.  2008 ) and then respond to the 
following prompts:

 –    Describe multiple effects of the loss of large herbivores on an African savanna.  
 –   Using the graphs from the original paper, support the claims made in the 

newspaper article.        

    Connections 

•     Anytime an experimental study is discussed, students can use the experimental 
 design   framework (ESM-A) to evaluate it, from identifying its design compo-
nents to critiquing the validity of the design and the  reliability   of the results and 
conclusions drawn.  

•   Ecological concepts, such as biotic and abiotic habitat requirements, limiting 
factors, niches, and biogeography, all connect with the variation in distribution of 
ant-acacia plants and elephants examined in Goheen and Palmer ( 2010 ). Further, 
this study can be linked to discussions about  nutrient cycling  ,  fi re   regulation, 
other ecosystem services, and  conservation   that can be affected by the presence 
of different organisms and their interactions in an ecosystem (e.g., Kiers et al. 
 2010 ; also see Chaps.   10     and   12    , this volume).  

•   This activity provides an example of the importance of ecological research for 
making management and policy decisions. The example study demonstrated that 
the management of elephant populations and the use of exclosures can have 
unintended consequences on ecosystem composition and function.         
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    Chapter 15   
 Teaching Lyme Disease Ecology Through 
a Primary Literature Jigsaw Activity                     

       Jae     R.     Pasari        

       Introduction 

  Lyme disease  , a bacterial infection transmitted via ticks, is the most common and 
fastest spreading vector-borne disease in the United States (Bacon et al.  2008 ). 
Since the early 2000s, research has increased on the reasons causing its range 
expansion. However, a  scientifi c consensus   about the mechanisms leading to its 
spread has been slow to emerge. Instead, many plausible hypotheses have been 
proposed, tested, and debated. Experiments have helped to uncover the roles of for-
est fragmentation and regrowth, host community diversity, the loss of apex preda-
tors,  invasive species  , episodic oak masting, and increasing deer populations 
(Ostfeld  2010 ,  2013 ). 

 The activity in this chapter offers students the opportunity to assess the  Lyme 
disease    debate   with primary literature using a  jigsaw   group discussion format. The 
goals of this activity are to increase students’ abilities to (1) read and comprehend 
primary scientifi c literature; (2) summarize, explain, and synthesize complicated 
data; and (3) identify gaps in contemporary research to form plausible hypotheses 
that can guide future research. In addition, students should deepen their knowledge 
of ecological concepts related to populations, predator–prey dynamics,  trophic cas-
cade  s, parasite  ecology  , and  competition   (see Chaps.   12    –  14    , this volume, for related 
topics and activities).  
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    Learning Outcomes 

 After completing this activity, students should be able to:

•    Summarize, interpret, and critique a scientifi c article and explain it to others.  
•   Synthesize fi ndings across scientifi c articles to identify research gaps.  
•   Propose hypotheses about  Lyme disease    ecology.    
•   Propose  Lyme disease   mitigation strategies.     

    Course Context 

•     Developed for upper- and lower-level  ecology   and  conservation   biology courses 
with 20–30 students. Also applicable to advanced high school students in AP 
Biology or Environmental Science  

•   90 min over two class periods  
•   No specifi c background preparation is necessary though the activity is intended 

for students who are completing or have completed a lower division, introduc-
tory unit on  ecology    

•   Adaptable to smaller class sizes by reducing the number of articles read and the 
number of student groups     

    Instructor Preparation and Materials 

 Instructors should possess an understanding of basic  Lyme disease    ecology  , such 
that they can provide an introductory lecture on the topic (example slides are 
provided as Electronic Supplementary Materials (ESM) A). Instructors are 
advised to read Ostfeld ( 2013 ) or Ostfeld ( 2010 ) for a brief but suffi cient synopsis 
of Lyme disease ecology. For additional background, see the articles listed in 
ESM-B. In addition, instructors should be well acquainted with the six primary 
articles used in this activity (Barbour and Fish  1993 ; Allan et al.  2003 ; LoGiudice 
et al.  2003 ; Ostfeld et al.  2006 ; Swei et al.  2011 ; Levi et al.  2012 ) and be able to 
discuss them in context of the student worksheet questions (ESM-C). Of these six 
articles, instructors should decide which ones and how many articles to use in the 
 jigsaw   activity (see Activities) depending on class size and student and instructor 
interest. These articles introduce perhaps the most-discussed and debated hypoth-
eses about Lyme disease spread. They present research conducted at a variety of 
scales and with a diverse range of methodologies, which allows students to wres-
tle with results that can seem contradictory until they more closely examine issues 
of scale. Instructors may also wish to choose studies done in ecosystems similar 
to their local environment to increase the relevance to students or search the lit-
erature for more recently published studies. 
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 Before class, instructors should review the student worksheet (ESM-C) and edit 
it to match their needs. (For example, instructors may wish to separate part 2 of the 
worksheet and only hand it out in class when students join their second  jigsaw   
groups so they do not work on it before class.) In addition, the instructor must 
determine the structure of the jigsaw to assign students to groups. (For more 
description of the jigsaw method, including a diagram, see Chap.   26    , this volume.) 
A jigsaw activity is structured with two parts. In part 1, students are put in groups 
to read and discuss one of the six articles that they have all read. In part 2, the 
groups are reconfi gured so that each member has read a different article, and stu-
dents work together to synthesize information from across them. For example, if 
there are 24 students in the class, the instructor could assign six unique articles to 
six 4-person groups or four unique articles to four 6-person groups in part 1. 
Alternatively, the instructor could assign fi ve unique articles to four 5-person 
groups and have a fi fth group with 4 people. As needed in part 2, groups could have 
more than one member from a part 1 group.  

    Activities 

 After providing a ~15 min introductory lecture on  Lyme disease    ecology   (e.g., 
ESM-A) and the structure of the activity, the instructor should divide the class into 
groups, each of which will be assigned an article. Students should be instructed to 
read their assigned article for homework and answer the questions in part 1 of the 
handout (ESM-B) to guide their reading. 

 In the next class meeting, students should fi rst work together in assigned group 1 
to review and revise their answers to part 1 of the worksheet (~30 min). The instruc-
tor should help guide students and respond to questions by checking in with groups 
frequently. Some of the articles are technical, and, in the author’s experience, stu-
dents usually have many questions. Encourage students to focus on the results pre-
sented in graphs, especially if their article includes unfamiliar math or statistics. 
Also instruct them to think about how they will convey the most important points 
about their article to other students in their group 2. 

 Once each group has fi nished, ask the students to move to their assigned group 
2. Instruct the students to share what they learned in part 1 with the members of their 
new group. Each student should take only a few minutes to share to ensure that 
everyone has time to do so (within ~45–60 min). Once each student has shared their 
article, students complete part 2 of the worksheet by discussing and answering sev-
eral questions that require  synthesis   across all of the articles. 

 The instructor can conclude the activity by allowing each group to share answers 
to the questions in part 2 and facilitating a class discussion about the similarities and 
differences between the hypotheses and conclusions proposed by different groups 
(10–20 min). In particular, the instructor should emphasize the following in context 
of the  Lyme disease    debate  :
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•    Conclusions that can be drawn from ecological studies are limited by many fac-
tors including: replicability, geographic and spatial scale, sample size, confound-
ing factors, and environmental variation.  

•   Science involves  debate   and weighing the strength of seemingly contradictory 
evidence.  

•   Synthesis is an ongoing process that requires staying current with emerging sci-
entifi c literature.  

•   Critiquing other scientists’ methods and conclusions is critical to advancing our 
understanding.  

•   Sound scientifi c  debate   involves supporting claims with evidence and citations.     

    Follow-Up Engagement 

•     The following prompts can help extend students’ critical thinking:

 –    Design a study that would address an existing research gap and improve our 
understanding of  Lyme disease    ecology.   

 –   How might global changes (e.g., climate change or the spread if  invasive spe-
cies  ) both promote and hinder the spread of vector-borne infectious diseases 
like  Lyme disease  ?  

 –   In what ways is  Lyme disease   a good case study for examining disease  ecol-
ogy   generally? In what ways might it not be generalizable?     

•   Ask students to update their knowledge by searching for and reading the 
abstracts of the latest literature to see how the state of the  debate   is evolving 
(see ESM-A). Similarly, students can also research the state of research on 
other vector-borne diseases (e.g., West Nile virus, leishmaniasis). (Such top-
ics could be analyzed using the  meta-analysis   activity described in Chap.   9    , 
this volume.)  

•   Ask students to compare their understanding of  Lyme disease   with its depiction 
in the popular press (e.g., see Zimmer  2013 ). (See Chap.   37    , this volume, for a 
relevant activity.)     

    Connections 

•     This activity helps students engage in  systems thinking   (e.g., Chaps.   3    ,   10     and 
  31    , this volume) because it asks them to assess the relative direct and indirect 
contributions of many aspects of environmental change (e.g., land cover,  biodi-
versity  , climate) to the emergent property of  Lyme disease   risk.  

•   The  ecology   of  Lyme disease   can be used as a case study for examining complex 
relationships between the environment and human health and well-being. For 
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instance, the “dilution effect” described in several of the  jigsaw   articles connects 
strongly to the concept of ecosystem services (see Chap.   10    , this volume).  

•   Students often propose  Lyme disease   mitigation strategies involving land use 
and wildlife management that intersect strongly with the study of environmental 
policy and species  conservation   laws. (See Chap.   20    , this volume, for a relevant 
land management activity.)         
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    Chapter 16   
 A Fishery Activity to Examine the Tragedy 
of the Common Goldfi sh Cracker                     

       Jessa     Madosky        

       Introduction 

 “The tragedy of the commons” is often referenced in discussions of natural resource 
management and other environmental issues. Hardin ( 1968 ) argued that common 
resources are bound to be overexploited unless exploitation is limited by  govern-
ment   or private ownership and that these problems are not solvable through scien-
tifi c advancement or understanding alone. However, Ostrom ( 1998 ) identifi ed 
collective action involving trust, reciprocity, and  communication   as an alternative 
path for managing common resources. Recent work suggests that Hardin’s conclu-
sions may hold true for large-scale (national, regional, or global) commons, while 
Ostrom’s work may be more useful in small-scale commons (Araral  2014 ). Fisheries, 
commonly used as an example of the  tragedy of the commons  , have been found to 
exhibit these outcomes such that shared fi sh stocks often perform more poorly than 
individually owned ones and large-scale management of shared stocks is more 
likely to lead to overexploitation (McWhinnie  2009 ; Burger and Gochfeld  1998 ). 

 In the exercise described in this chapter, students play the role of fi shers to simu-
late the  tragedy of the commons   using goldfi sh crackers. Working in groups, stu-
dents should learn about population dynamics and discover the challenges of 
sustainably managing a “public” natural resource with natural variation and the 
potential  confl ict   between self-interest and the public/ecological good. Although 
this exercise has been proposed in various forms for a high school audience (see 
Electronic Supplementary Materials (ESM)-A), the version described here for 
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undergraduates increases the  complexity   of the exercise by including ecological 
variability in the form of variable growth rates from year to year and  Allee effects   
and by allowing students to purchase data to guide  fi shery   management or equip-
ment to increase their harvest. Overall, the goal is for students to understand “the 
tragedy of the commons” and why common resources can be so diffi cult to manage, 
especially in the face of environmental variation.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Describe the concept of “the tragedy of the commons” and apply it to natural 
resource management.  

•   Discuss challenges in managing a common resource.  
•   Create and assess management plans for a  fi shery   and discuss the  trade-offs   

between satisfying humans’ resource needs and ensuring a viable, long-term 
fi shery.  

•   Explain why some management problems may not be solvable with more scien-
tifi c knowledge.     

    Course Context 

•     Developed for an upper-level  conservation   biology course for  science   majors 
with 15–20 students placed into groups of 4–5  

•   75–105 min in 1 or 2 class sessions  
•   No background knowledge is required, but students can prepare by reading 

Hardin ( 1968 )  
•   Can be adapted for larger groups (additional assistance counting crackers may be 

necessary) and for any level of course that would cover natural resources and can 
also be adjusted for a shorter duration by only using Part 2 of the exercise or 
reducing fi shing rounds or for a longer duration by extending discussion or fi sh-
ing rounds. Variations for different student levels are provided in the supplemen-
tary materials     

    Instructor Preparation and Materials 

 To prepare, the instructor may wish to read Hardin ( 1968 ), Araral ( 2014 ), McWhinnie 
( 2009 ), and Burger and Gochfeld ( 1998 ) for scientifi c background of some of the 
key concepts of “the tragedy of the commons” and  fi shery   management. In addition, 
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news articles about the current state of fi sheries can provide helpful context for 
discussions (see ESM-B for more background readings). The instructor may also 
wish to assign Hardin ( 1968 ) as reading prior to or after the exercise; students can 
be successful in this exercise without reading it, and the instructor may prefer for 
students to learn the concept actively before reading about it. 

 Before the activity, the instructor will need to obtain goldfi sh crackers (approxi-
mately 1000 per group of four or fi ve students), plastic spoons (two per student), 
cups or bowls (one per student plus one for each group that is labeled with a group 
number), and a typical playing die. Forks or knives could be used instead of (or 
with) spoons to make fi shing harder and simulate different types of fi shing equip-
ment, and metal utensils could reduce risks of breakage. 

 To create the fi sheries, place 200 goldfi sh into each of two cups (one cup for 
Part 1 and one cup for Part 2) for every group of four or fi ve students. The instruc-
tor can form student groups before or at the beginning of class in a manner 
desired but the exercise works best if students do not work with their close 
friends to more accurately simulate  competition   with “strangers” in a large  fi sh-
ery  . Students can perform the simulation on a table or the fl oor; the space needs 
to be large enough that all students can gather around the “ocean” containing the 
fi sh simultaneously. 

 The instructor should also download, and prepare as relevant, the set of sup-
plementary fi les useful for implementing the game. These fi les include detailed 
instructions and an example script (ESM-C) and additional discussion questions 
and prompts (ESM-D) instructors may fi nd useful in implementing the exercise 
and which can be modifi ed to suit instructor preference. The fi les also include 
additional variations on the exercise that may be implemented in addition to 
other versions of the exercise previously published and additional references and 
reading materials (ESM-A). The instructor should print or display the  fi shery   
rules and price list for each group (ESM-F) or display it prominently in the class-
room so all students can see these rules and prices as they conduct the exercise 
and print a student data sheet for each student or each group (ESM-G) to facili-
tate data collection throughout the exercise. The instructor may also wish to print 
the instructor price guide and environmental factor key (ESM-E) for themselves 
to use as a reference during the exercise.  

    Activities 

 The activity is implemented in two parts. In Part 1, students conduct the  fi shery   
exercise without any instruction to sustainably manage their fi sh stock. Then in Part 
2, students conduct the same fi shery exercise while attempting to sustainably man-
age their fi sh stock. A brief overview of the activity is presented below; see ESM-C 
for detailed instructions, an example script for running the exercise, and discussion 
questions and prompts to share with students. 
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  Part 1: Unguided    Fishery     Exploitation  (~30–45 min depending on the number of 
fi shing rounds)

  Introduction 

•   Prepare students for the activity by briefl y introducing the simulation (a sample 
script is provided in ESM-C).  

•   Have groups gather around an “ocean” space (table or fl oor) and provide each 
student with a cup or bowl (their processing facility) and a plastic spoon (their 
fi shing vessel).   

  First Round 

•   Place 200 goldfi sh crackers in each group’s ocean (spreading out the goldfi sh 
makes it harder to catch them).  

•   Allow students to fi sh for 30 s, reminding them that they need to catch at least 
eight fi sh to “survive” to the next round.  

•   Collect the uncaught fi sh in the cup labeled with that group’s number.  
•   Students should count and record the number of fi sh they caught on a data sheet 

(ESM-B).  
•   Student that caught eight or more fi sh made it through this fi shing season suc-

cessfully. They should eat or hand in their eight fi sh to represent the fi sh needed 
for them to feed their family for the year and stay in  business  . Students may use 
additional caught fi sh to make any purchases they desire (giving the fi sh to the 
instructor as payment; see ESM-E) or save them for later to offset a bad season.  

•   Student with fewer than eight crackers are “bankrupt” and must sit out the next 
round unless a fellow fi sher is willing to hire them.  

•   If a group has depleted their  fi shery   (by catching all of their fi sh), they will not 
have any to catch the next season. They may try to fi nd jobs fi shing for someone 
in another group.   

  Prepare for Second Round 

•   Allow students to talk undirected while the instructor (and/or an assistant) pre-
pares for the second round—at this point it is preferable for students to talk 
unguided to simulate what would occur in a  fi shery   where the fi shers were not 
actively managing the fi sh. Students often talk about the number of fi sh caught, 
but the instructor should avoid guiding students to refl ect on the exercise.  

•   Roll the die (out of the students’ sight) to determine if it is a “good”, “bad,” or 
“average” year in terms of environmental conditions for the fi sh’s survival and 
reproduction (see ESM-E).  

•   Count out the starting population for each group based on the fi sh left in the 
population and the die roll (based on guidelines for calculations provided in 
ESM-E).  

•   If any fi sher or group has purchased a study, provide them with the information 
purchased (what type of year it is based on the die roll, growth rates for different 
types of years, or number of fi sh in their population after fi shing; see ESM-E). 
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Only the purchaser(s) should be given this information, but the purchaser can 
share the information if desired.   

  Second Round of Fishing 

•   Give each group its cup of fi sh which are placed back into the group’s ocean.  
•   Start the next 30 s season of fi shing.  
•   Follow the same steps as above for round 1.   

  Subsequent Rounds 

•   Repeat the above steps for additional rounds of fishing until several of the 
groups have depleted their fish populations, usually after four or five rounds, 
or until several of the groups have worked out strategies to maintain their 
fish populations.   

  Discussion 

•   Ask students to report back to the whole class on what happened to their fi sh 
population and to them as fi shers and why (also see questions in ESM-D). If 
some students have already developed strategies to manage and maintain their 
populations, ask them to explain their approaches.    

  Part 2: Working Toward Sustainable Fishery Management  (~45–60 min 
depending on the number of fi shing rounds and time for discussion between rounds) 

 This part can be conducted in the same class period if time permits or in a follow-
ing one. If the latter, the instructor may want to ask students to develop a manage-
ment strategy for homework.

  Introduction 

•   Inform the class that this time they will be trying to manage their fi sh population 
to ensure a sustainable population but that there are no “rules” on how they 
should do this. They will be creating the management strategy and any regula-
tions as they go.   

  First Round and Preparation for the Next Round 

•   Restart the fi sh population at 200 and conduct the session in the same way as 
Part 1 above, but in between fi shing rounds, ask students to discuss, as a 
group, how they will manage their fi sh population, for example, by creating 
(or changing) regulations.   

  Subsequent Rounds 

•   Continue with additional fi shing rounds until most groups’ populations either 
become somewhat stable or crash. The number of rounds needed for these out-
comes will vary with die rolls and group dynamics but may be as few as three 
rounds or as many as nine rounds. If time is limited, the instructor may want to 
limit it to four or fi ve rounds to save time for discussion.  

•   The instructor may also want to limit between-round discussion time to leave 
more time for follow-up discussion.   
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  Discussion 

•   Ask students to report back to the whole class on what happened to their fi sh 
population and to them as fi shers when they managed the population and how 
they managed their population.  

•   Depending on available time, discussion questions could be used for in-class 
 dialogue   and/or for homework assignments (see ESM-D for questions about 
environmental variability, technological solutions, and connections to historical 
 fi shery   collapses and Hardin ( 1968 )).     

    Follow-Up Engagement 

•     Further assignments could include a short essay relating the in-class  fi shery   exer-
cise to Hardin’s ( 1968 ) article (prompt ideas are provided in ESM-D). If more 
in-depth discussion of managing common resources is desired, Araral ( 2014 ) 
may be assigned to inform discussion on differing views of how to manage com-
mon resources.  

•   Students could be asked to research real fi sheries and either write about or briefl y 
report to the class on the management plans implemented and any successes or 
challenges in real-life fi sheries.  

•   For a related activity about  lake    food    web  s that includes an  overfi shing   scenario, 
see Chap.   13    , this volume.     

    Connections 

    Suggested assignment prompts for the following connections are provided in 
ESM-D.  

•   This exercise directly connects to ecological concepts such as carrying capacity, 
 population growth   rates, and how stochastic environmental variation can impact 
those variables.  

•   When connected with real-life  fi shery   management, the exercise can be used to 
introduce sustainable use, maximum sustainable yield, total allowable catch, or 
other management strategies commonly used in fi shery management.  

•   More broadly, this exercise can be used to introduce the role of economic and 
ethical arguments in  conservation   and resource management and launch discus-
sions about human impacts on seemingly limitless resources. (For related activi-
ties, see Chaps.   17    –  20    , this volume.)  

•   This exercise also links well to discussing the role of politics in environmental 
decisions and can be used to introduce the concept of  stakeholder   interests and 
diverse views (e.g., Chaps.   4    ,   27    ,   29     and   39    , this volume). It can also prompt dis-
cussion about public distrust of  science   and the issues with “top-down” mandates.         
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    Chapter 17   
 Making Biodiversity Stewardship Tangible 
Using a Place-Based Approach                     

       Christine     Vatovec    

          Introduction 

 Environmental  stewardship   is a concept heralded by Aldo Leopold ( 1949 ) as the 
responsible use and  conservation   of natural resources in a way that protects and 
sustains these resources. It is a management concept that responds to the impacts that 
human activities have on ecological systems, and  biodiversity   in particular. Chapin 
et al. ( 2011 ) call for stewardship approaches that recognize the integral relation-
ships between humans and the environment within  social-ecological system  s (see 
Box  17.1 ). Humans rely on biodiversity to provide  food  , fi bers, and other materials 
that support our basic needs and well-being. Therefore, to maintain healthy human 
communities we must take actions to conserve the biodiversity on which we depend 
(Frumkin  2010 ). For example, agricultural practices that favor large-scale monocul-
ture crops could lead to human starvation if the crops are decimated by a  natural 
disaster   (drought, pest outbreak, etc.) to which they have no resistance. In contrast, a 
more biodiverse agricultural system could be more resilient to such disasters, thus 
better supporting human well-being. Recent research on the relationship between 
biodiversity and agricultural pest outbreaks highlights the importance of such inter-
connections (Lundgren and Fausti  2015 ). 

 The class activity described in this chapter provides an opportunity for students 
to apply the concept of  stewardship   in a tangible way to the  biodiversity   of a place 
in which they have a personal interest. It is framed by the  One Cubic Foot  project 
conceived of by photographer David Liitschwager ( 2012 ) who documented the 
 biodiversity of various ecosystems around the world that resided in or passed 
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through a one-cubic foot metal frame over a 24-h period. In Costa Rica, for example, 
he found more than 150 species of plants and animals in the cube. Craig Childs 
( 2012 ) extended the project to examine the impacts of human activities on biodiver-
sity in a conventionally managed Iowa cornfi eld where he found only seven species 
in addition to the corn. In the context of the cornfi eld, biodiversity stewardship 
actions may include maintaining crop diversity, creating habitat for  pollinators  , 
employing cover crops, and using integrated pest management, all of which could 
help conserve and enhance biodiversity (FAO  2015 ), and may better support human 
well-being by accounting for the interconnections of this  social-ecological system  . 

 The exercise asks students to extend their insights from this agricultural example 
to explore human activities that could support the  biodiversity   of a place of their 
choosing. Students may choose to examine any location they have visited, from 
their own backyard, to a parking lot, to a national park. Through in-class discus-
sions, students should develop a broader awareness of  stewardship   as a tool of sus-
tainability for conserving and increasing biodiversity. The goal of this learning 
activity is for students to deepen their understanding of “stewardship” in terms of 
sustainability in interconnected  social-ecological system  s by thinking about how 
human actions affect biodiversity in both positive and negative ways. 

       Learning Outcomes 

 After completing this activity, students should be able to:

•    Describe how human activities impact  biodiversity  .  
•   Discuss the role of environmental  stewardship   in sustainability.  
•   Refl ect on various human actions to determine which may be best implemented 

for stewarding  biodiversity   in different ecosystems.     

    Box 17.1. Types of Stewardship Actions (Also See Slides in ESM-C) 

 The Ecosystem Stewardship framework by Chapin et al. ( 2010 ) identifi es 
three primary strategies for sustainably managing  biodiversity   and thereby 
enhancing human well-being in  social-ecological system  s. The three action- 
oriented strategies include (with examples for agricultural systems):

    1.    Reducing known stressors that negatively impact  biodiversity   (e.g., reduc-
ing  grazing   pressure to sustain ecosystem well-being in drylands),   

   2.    Developing proactive adaptive management strategies when change is 
uncertain (e.g., incentivizing mixed-cropping systems over monocultures 
to buffer crop failures and enhance economic vitality), and   

   3.    Transitioning away from  social-ecological system  s that are trapped in pro-
ducing undesirable outcomes (e.g., shift away from large-scale monocul-
ture  agriculture   toward agro-ecological landscape management).     
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    Course Context 

•     Originally implemented in an upper-level undergraduate course in sustainability 
 science   with an enrollment of 30–40 students  

•   50 to 90 min in one class meeting  
•   Before class, students read two articles and complete an assignment; instructors 

may choose to introduce the topic of biodiversity stewardship using the slides 
provided (ESM-C)  

•   Adaptable to courses of different class sizes and levels that include discussions 
of  biodiversity    conservation  ; can be modifi ed for longer durations by extending 
the activity to take place over multiple class sessions     

    Instructor Preparation and Materials 

 To successfully help students achieve the learning outcomes, instructors should be 
able to (a) describe the concept of  stewardship   in the context of sustainability, (b) 
describe the interconnections between social and ecological systems (for example, 
how  food   choices relate to agricultural practices, which in turn affect  biodiversity   in 
agricultural systems), and (c) explain the relationship between biodiversity and 
human well-being. The concept of stewardship as a tool for moving toward sustain-
ability via a systems approach to understanding interconnections between social 
processes (i.e., human activities) and ecological outcomes has been described in 
detail as a part of the Ecological Society of America’s “Earth Stewardship” initiative 
( ESA n.d. ; Chapin et al.  2010 ,  2011 ). The connections between biodiversity and 
human well-being, for example the relationship between levels of biodiversity and 
quality of air,  water  ,  soil  , and pathogen regulation, are described in Frumkin ( 2010 : 
p. 25) (also see Chaps.   10    ,   11    ,   13     and   15     for more references and context). 

 To complete the activity, instructors should read the two articles that will be 
assigned to students (Wilson  2010 ; Krulwich  2012 ) and review, edit, as desired, and 
print the assignment sheets to hand out in a class prior to the activity (provided in 
Electronic Supplementary Materials (ESM) A). Instructors may also benefi t from 
reviewing the example student response (ESM-B). During class, instructors need 
access to an overhead projector or large sheets of paper for student groups to share 
their insights from group discussions, and a chalk or white board or electronic tools to 
record notes from the discussion. Instructors may also use the provided presentation 
slides to introduce the activity (see ESM-C).  

    Activities 

 Prior to class, the instructor will assign students the following tasks (see ESM-A):

    1.    Visit National Geographic’s “A cubic foot” project website to read article by 
Wilson ( 2010 ) and review the photo gallery;   
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   2.    Read Krulwich ( 2012 );   
   3.    Prepare a one page, single-sided document to share in class that includes a pho-

tograph of a place of personal interest to the student, and a short description of 
one  stewardship   action that would increase the number of species in that place, 
as modeled after the  One Cubic Foot  project.    

  In class, the instructor can introduce the topic of  stewardship   as best fi ts within 
the course before giving students the homework assignment (see resources in the 
previous section as a guide). On the day the homework is due, the instructor asks 
students to form groups of four. Each group sits in a circle, and students pass around 
their prepared sheets while noting themes/patterns and outliers seen in their peers’ 
suggested stewardship actions. (The instructor can indicate the time (e.g., every 
45–60 s) when the images should be passed to the next person.) After students have 
reviewed all their group members’ sheets (~4 min), students in the group pair up and 
compare notes on the themes and outliers they observed (~4 min). Then the group 
of four should discuss their observations and develop a set of general  biodiversity   
stewardship actions to present to the whole class, including an overview of intercon-
nections between human actions and biodiversity (~15 min). Each group then 
selects a presenter to share their group’s fi ndings with the rest of the class (e.g., on 
a chalk or whiteboard; ~3 min per group). Students should be asked to note the simi-
larities and differences among the groups’ fi ndings, and then develop a list of the 
different types of actions that may increase biodiversity in the various settings, 
using the framework described in Box  17.1  (~5–10 min). The instructor then guides 
the students in a discussion of interconnections between stewardship actions and 
possible biodiversity outcomes in the various places/ecosystems represented (~5–
10 min). Here it may be useful to select a few of the students’ assignments to share 
on a projector to compare the different types of stewardship actions that may be best 
suited for different places while referring to the three types of stewardship actions 
described in Box  17.1 .  

    Follow-Up Engagement 

•     Assign students a short writing assignment to refl ect upon their class discussions 
and to synthesize ideas about  biodiversity    stewardship   in different contexts.  

•   Ask students to discuss why the place they chose is the way it is and what barri-
ers they might face when trying to steward it. Also, ask them to apply the 
  social- ecological system  s framework to analyzing the characteristics of the place 
(e.g., see Chap.   31    ).  

•   Prompt a discussion with students about how Leopold’s ( 1949 ) defi nition of 
 stewardship  , the responsible use and  conservation   of natural resources in a way 
that protects and sustains these resources, relates to their chosen place.  

•   For activities related to  conservation   and land use planning, see Chaps.   18    –  20    .     
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    Connections 

•     If this activity is completed early in the course, the instructor could revisit it later 
to critically examine earlier assumptions and to further develop students’ under-
standing of interconnections between human actions and ecological outcomes.  

•   When discussing case studies that present imperiled ecosystems, compare differ-
ent  stewardship   actions that could work to resolve the problem and move the 
system toward a more sustainable outcome in which  biodiversity   is conserved.         
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    Chapter 18   
 Conservation Triage: Debating Which Species 
to Save and Why                     

       Loren     B.     Byrne        

       Introduction 

 The goal of  conservation   biology, as both  science   and practice, is to prevent species 
from going extinct. Unfortunately, so many species are now threatened with  extinc-
tion   that it may not be possible to save them all, especially in context of limited and 
sometimes-declining resources (Marris  2007 ; Bottrill et al.  2008 ). This situation 
presents diffi cult scientifi c and philosophical questions about which species should 
be prioritized for conservation and why. On the fl ip side the question is, which spe-
cies should we not invest in, thus increasing the risk of their extinction (Jachowski 
and Kesler  2009 ; Groc  2011 )? As one journalist queried, “Which species will you 
save? Will you pick the rarest, the largest, or the smallest? The strongest or the 
weakest? The most beautiful … or just the tastiest?” (Nijhuis  2013 ). Akin to triage 
in a medical emergency situation, these issues have brought forth the idea of conser-
vation triage: having to make diffi cult choices about which species should be saved 
and which might not be savable. 

 The activity described in this chapter engages students in a structured  debate   
about  conservation   triage (that includes “triage emergencies” and votes about which 
species to save) to help them learn about diverse endangered species and the factors 
infl uencing their population declines and conservation status. The activity’s broader 
goal is to foster students’ critical thinking skills by engaging them in a discussion 
about complex issues that mirrors one within the professional conservation com-
munity. As they share and debate arguments to justify and prioritize conserving 
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different species, they will be encouraged to refl ect on the challenges of  biodiversity   
conservation and examine the roles of evidence and criteria for making diffi cult 
environmental and sustainability decisions.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Describe various factors that affect species’ endangerment and  conservation   
status.  

•   Defi ne triage and apply the concept to examining sets of endangered species.  
•   Discuss the information needed and factors to consider when making  conserva-

tion   triage decisions.  
•   Articulate personal views about the value of different endangered species.  
•   Explain how  ethics   and personal  values   relate to the study and practice of  conser-

vation   biology.     

    Course Context 

•     Developed for an upper-level  conservation   biology course for  science   majors 
with 20–30 students  

•   50 min in one class meeting  
•   Before class, students gather information to present in class but no additional 

background knowledge is needed  
•   Adaptable to courses of any class size and level that include discussions of  bio-

diversity    conservation  ; can be modifi ed for longer or shorter durations by alter-
ing the number of species and student groups     

    Instructor Preparation and Materials 

 Instructors should be familiar with issues of  conservation   triage which can be gained 
by consulting the references cited in the introduction; additional perspectives can be 
found in Kareiva and Levin ( 2003 ). In addition, a source for creating a list of endan-
gered species to include in the  debate   is needed. The one that inspired this activity 
is the book “100 Under 100: The Race to Save the World’s Rarest Living Things” 
by Leslie ( 2014 ). However, other compilations of endangered species could be con-
sulted to derive focal species to include in the activity (e.g., Goodall  2009 ;  Red List 
n.d. ); an online search with the phrase “100 most endangered species” provides 
many resources, including a Wikipedia article. Alternatively, instructors could 
invite students to choose their own endangered species to use. 
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 Prior to the in-class activity, the instructor creates a list of endangered species 
that will be subjected to triage decisions by the students. For the activity to work 
best, it is recommended that the list of species include a range of diverse species, 
including ones from different taxa (e.g., mammals, birds, invertebrates, plants) and 
ones that vary in their popular appeal (i.e., more charismatic ones like primates, 
other cute mammals and “pretty” species like butterfl ies alongside less well-known 
and “ugly” species). (An example set meeting these criteria, all included in Leslie 
( 2014 ), is presented in Table  18.1 .) The number of chosen species depends on the 
class size and number of students assigned to each species. Each species will be 
assigned to at least two students; one student will argue in favor of prioritizing the 
species for  conservation   efforts (“save it”) and the other will argue that it can be “let 
go” (i.e., not receive conservation priority). For larger classes, more than two stu-
dents could be assigned to each argument for each species. Alternatively, a third 
student could be assigned to take a neutral position for a species and serve as an 
impartial referee when each species is presented in class. Based on the list of focal 
species, the instructor assigns each student a species and triage argument (for or 
against the species receiving conservation priority, or neutral as needed) suffi ciently 
in advance of the class meeting when the activity will occur to allow students time 
to complete the preparatory assignment described below. As desired, to help  students 
complete the background research for their assigned species needed for the in-class 
 debate  , an assignment sheet can be created (tailored to the course and student con-
text) with guiding questions and resources (e.g., Leslie  2014 ;  Red List n.d. ); in the 
author’s experience, upper-level  science   majors students were able to successfully 
complete this task when given simple oral instructions to “prepare an argument, 
with evidence and justifi cation, for why your assigned species should or should not 
be conserved.”

   In addition, the instructor may wish to create a set of presentation slides with 
images of the chosen species to be displayed as each species is discussed by the 
students. (Example slides for the list of species in Table  18.1  is provided as 

     Table 18.1    Example set of species to include in the triage  debate     

 Common name  Scientifi c name 

 Alabama sturgeon   Scaphirhynchus suttkusi  
 Arakan forest turtle   Heosemys depressa  
 Armoured mistfrog   Litoria lorica  
 Catalina mahogany   Cercocarpus traskiae  
 Cat Ba langur   Trachypithecus poliocephalus  
 Eastern North Pacifi c right whale   Eubalaena japonica  
 Franklin’s bumblebee   Bombus franklini  
 Hainan gibbon   Nomascus hainanus  
 Hawaiian crow   Corvus hawaiiensis  
 Javan rhinoceros   Rhinoceros sondaicus  
 Northern river shark   Glyphis garricki  
 Seychelles sheath-tailed bat   Coleura seychellensis  
 Thermal  water   lily   Nymphaea thermarum  
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Electronic Supplementary Materials (ESM) A.) Among the species slides, “emer-
gency triage” slides can be inserted after every two or several species to indicate 
moments when the class will collectively decide (via voting) which species to save 
and which to let go (see the structure for this in ESM-A). The sequence of the spe-
cies presentations should be organized so as to present easier and then successively 
harder triage decisions for a few pairs and, then, groups of species. For example, 
using the species in Table  18.1 , when deciding to vote for the Catalina mahogany (a 
non-descript shrub endemic to one island) or the Cat Ba langur (a fuzzy and cute 
primate with adorable orange babies), most students will probably easily choose to 
prioritize the langur. However, deciding between the Javan rhinoceros and the 
armoured mistfrog may be less straightforward and engender more personal  confl ict   
and passionate  debate   among students. Calling for votes among three or more spe-
cies increases the challenge level, requires more thoughtful discussion, and refl ects 
the real-world debate.  

    Activities 

 Before the in-class  debate  , students investigate some of the basic biology and  con-
servation   status of their assigned species, using for example Leslie ( 2014 ), other key 
references provided by the instructor (e.g., Goodall  2009 ;  Red List n.d. ) and/or 
through independent online searches. (If all the assigned species are from Leslie 
( 2014 ), it could be provided for students to access in closed reserve in a library; 
alternatively, pages relevant to chosen species can be copied and given to the stu-
dents.) In particular, students should look for information that relates to the feasibil-
ity of conserving the species in perpetuity, choosing to highlight factors that relate 
to their assigned triage position (e.g., a species does not breed well in captivity so it 
should be let go; the population is increasing so it should not be abandoned). The 
instructor may wish to require that the students complete this as a written assign-
ment and turn something in for a score or participation credit. 

 In the classroom, the instructor can introduce the concept of triage and other 
context as desired before the activity (e.g., see a few context slides in ESM-A). 
Then, in turn, each pair (or more) of students presents the pro and con views for 
their respective species, essentially justifying to their classmates why their assigned 
species should be conserved or not. The duration of each presentation and whether 
or not to include follow up discussion is at the discretion of the instructor based on 
the class length and duration. 

 To foster tough decisions, the instructor should intermittently—and without 
warning to cultivate a sense of surprise, just like in the real world—call for an 
“emergency triage vote” about which of the previously presented species should be 
saved—because not all of them can! (See the fl ow of slides in ESM-A for how to 
structure the  debate   and include the emergency slides.) Allowing all students to 
briefl y advocate and debate their triage decisions before each vote is taken will help 
contribute to an energized and engaging classroom dynamic. 
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 With each successive emergency triage vote, the original set of assigned species 
will be whittled down to the “winners” of each triage decision. At the end of the 
presentations, a fi nal triage vote can be requested to identify the fi nal winner: the 
one species from the original list that will receive  conservation   prioritization. 
Although this may be a tough reality for students to consider—that only one of 
many endangered species might be effectively conserved—forcing such a decision 
refl ects the reality that conservation organizations must face all the time, i.e., where 
to allocate scarce resources. To wrap up the  debate  , ask students to refl ect on, sum-
marize and synthesize the information (including from the student presentations) 
and factors (including their personal biases) that infl uenced their triage decisions 
and what other considerations (e.g., political, legal, and economic issues) might 
need to be considered when triaging species. To ensure all students’ engagement, 
this could be done with a “ minute paper  ” in which students write down their per-
sonal refl ections.  

    Follow-Up Engagement 

•     The following questions can be used to extend the discussion:

 –    What types of species do we care most about conserving and why?  
 –   What is the value of an individual species? Are some more valuable than others?  
 –   What are the costs (fi nancial, social) and  trade-offs   of conserving species? If 

the downsides are too great, is it ever ok to “give up” on a species? Under 
what conditions might it be best to do so?  

 –   When a species goes extinct, does anything really change? If not, is it ok to let 
species go extinct?  

 –   If species can be brought back from  extinction   (de-extinction), does that sup-
port the argument for letting them go?     

•   Assign students to write an opinion essay that summarizes their views about 
 biodiversity    conservation   generally or triage decisions specifi cally.  

•   Ask students to investigate an in-depth species  conservation   case study that 
involves social and political confl icts (e.g., the grey wolf in the Western USA) 
and highlights the challenges of, yet need for, engaging local communities.     

    Connections 

•     Triage can be connected to lessons about the causes of species endangerment and 
the need to consider larger-scale  conservation   issues such as ecosystem preserva-
tion and land use management (e.g., see Chaps.   12    ,   16    ,   17    ,   19     and   20    ).  

•   Relate this activity to themes of ecosystem services (e.g., Chap.   10    ) and  econom-
ics  ; should we prioritize species that provide tangible benefi ts to humans?  
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•   People’s worldviews (e.g., Chap.   4    ) and environmental  ethics   are likely to affect 
how they view species  conservation  . Some people mock attempts to conserve 
certain species like endangered beetles and fl ies.  

•   Issues of politics and  conservation   laws (e.g., US Endangered Species Act and 
international CITES treaty) strongly infl uence conservation decisions and the 
ability of conservationists to prevent extinctions.         
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    Chapter 19   
 Everything Cannot Be Equal: Ranking 
Priorities and Revealing Worldviews to Guide 
Watershed Management                     

       Bethany     B.     Cutts        

       Introduction 

 Water is an integrating natural resource that connects ecosystems, economies, and 
societies. In large watersheds like the Upper Mississippi River Basin (UMRB, see 
Box  19.1 ), the mismatch between environmental systems and political boundaries 
means that fi nding ways to work together is essential to make progress toward iden-
tifying shared  water   management goals and taking action toward them. In the case 
of the UMRB, for example, we might ask: How do we do uncover and discuss 
divergent worldviews about how to manage water and what to manage it for, and 
how do we manage the watershed to improve sustainability for all important uses? 
Answering these questions requires tools from the social sciences that can help 
identify and compare stakeholders’ different perspectives and  priorities   for multiple 
desirable outcomes for managing complex resources. Understanding how people 
weigh competing outcomes provides information on potential  trade-offs   while 
uncovering their rationales can reveal common ground that might otherwise be 
overlooked. The process of ranking disparate ideas and discussing choices presents 
an opportunity to initiate critical but diffi cult discussions about the  values   that infl u-
ence how stakeholders view “the facts” as they advocate for their choices for water-
shed planning and water management. 

 In the activity described below, students sort, rank, and explain their  priorities   
for managing a watershed using a social  science   method called Q-sort. This pro-
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28543-6_19    ) contains supplementary material, which is available to authorized users. 
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cess reveals similarities and differences among the students’ own understandings 
of sustainability priorities, which can lead to articulating their operational defi ni-
tions of sustainability. The goal of this learning activity is for students to uncover 
the roles that their own beliefs, experiences, and motivations play in shaping their 
perspectives about what  should  be done. Revealed differences among students’ 
ideas replicate those that may be involved in negotiating social sustainability chal-
lenges (e.g., Webler et al.  2009 ; Danielson et al.  2009 ). Students should discover 
that, even with “all the facts,” working toward sustainability involves negotiating 
confl icting worldviews (e.g., Chap.   4    ). The activity should also develop students’ 
normative and interpersonal competencies, both essential to sustainability peda-
gogy (Wiek et al.  2011 ).  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Identify the (parts of) worldviews of others and how those relate to their interpre-
tations and views of sustainability.  

•   Recognize ways that  values  , beliefs, and experiences shape how individuals 
interpret and organize information to form  priorities  .  

•   Explain why stakeholders committed to the same goal prioritize different actions.  
•   Articulate their own views and personal defi nition of sustainability (in the  water   

resource context).     

   Box 19.1 

 The Upper Mississippi River system is an important waterway that stretches 
from Lake Itasca to Cairo, Illinois and touches 60 counties in Illinois, 
Minnesota, Missouri, Iowa, and Wisconsin. It contains a 1300-mile river sys-
tem that is home to over 154 fi sh species and an essential migratory pathway 
for 40 % of American waterfowl and shorebirds (Delong  2005 ; USGS  2014 ). 
In addition to its ecological importance, this river system provides  water   for 
industrial uses such as wastewater management and commercial navigation 
(USGS  2014 ). The Upper Mississippi River system also plays a key role in the 
 transportation   of commodities to and from the Gulf States while providing 
water to over 30 million residents for drinking uses and daily industrial pur-
poses (USGS  2014 ). For additional background, see references in ESM-A. 
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    Course Context 

•     Developed for a non-majors environmental studies course; also used in a  conser-
vation   biology course and during a summer research experience orientation (all 
with 20–50 students)  

•   50 to 90 min in one class meeting  
•   No student preparation required (e.g., not essential that students receive formal 

instruction on defi nitions of sustainability or the technical details and political 
concerns of the watershed prior to the activity)  

•   Adaptable to most learning environments and student populations     

    Instructor Preparation and Materials 

 Instructors should become familiar with the Q-sort method so that they can intro-
duce the activity and guide students through it. Background and instructions are 
provided in Electronic Supplementary Materials (ESM) A. For additional context, 
Meo et al. ( 2002 ) and Previte et al. ( 2007 ) provide examples of Q-sort applications 
to environmental policy and  water   management. 

 This lesson was developed for the Upper Mississippi River Basin. Instructors 
may choose to use this case study or adapt the materials to a watershed relevant to 
their course and/or familiar to their students. Instructors who use the provided 
Q-sort statements should be familiar with the Upper Mississippi River Basin geog-
raphy (Box  19.1 ) and the terminology used in the statements that students will sort 
(ESM-B). Instructors who wish to adapt the activity to a different watershed will 
need to prepare 30 statements that relate to sustainability concerns in their region. 
These statements should represent diverse interests and actions, and represent a 
variety of issues (e.g., protecting native species; supporting rural livelihoods; reduc-
ing toxin loads), including both commonly discussed ones (e.g., reducing nutrient 
 pollution   from  agriculture   to improve  water   quality; regulating fracking to prevent 
groundwater contamination) and lesser known ones (e.g., scaling back regulation to 
allow free-market principals to distribute environmental benefi ts; limiting noise pol-
lution from shipping barges). As a third alternative, students can develop statements 
during a preparatory assignment (Box  19.2 ). 

 The instructor will need to print out materials for the student sorting activity. 
Each student will need a set of 30 statements (e.g., ESM-B), a sorting pyramid 
(ESM-C, printed on 11 × 17 in. paper at minimum), and the  refl ection   questions 
(ESM-D). Cut out the statements so each one will fi t into a square on the sorting 
pyramid. The instructor can provide students with scissors and a single sheet 
 containing all the statements; then students can cut out each statement as they read 
them (during step 4 of “Activities” below). Alternatively, to shorten the time needed 
for in-class work, the instructor could ask students to read and cut out the state-
ments as homework before the class, or provide each student with an envelope of 
statements already cut.  
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    Activities 

 The text below provides an overview of steps for the activity. Additional details and 
background, including suggested instructions for students, are included in ESM-A.

    1.    Introduction (3–5 min). Introduce the lesson to students, explaining that the 
goals of this activity are to (1) analyze knowledge,  values   and motivations about 
sustainability challenges in the watershed and (2) explore how they relate to 
 priorities   for action in context of a diverse community of stakeholders with com-
peting values and priorities.   

   2.    Describe sustainability challenges (5–10 min). Explain that the class is going to 
use a set of statements to understand the complexities of sustainability in the 
context of managing a watershed and  water   use. Hand out the statements.   

   3.    The  Q-sort process   (3–5 min). Explain that each student is going to sort the state-
ments to create a personal ranking using a method that is used in real-world 
sustainability research and management. Explain that Q-sort is a nice compli-
ment to other survey methods because it captures the ways that people think 
about ideas in relation to one another rather than in isolation. Q-sort and other 
similar social  science   methods are key to understanding sustainability challenges 
because issues can be so intricately linked. A limitation of Q-sort is that the 
results do not reveal the prevalence of different ways of thinking in the popula-
tion at large.   

   4.    Rank statements (20–30 min). Students will read each statement. If applicable, 
the student will cut out each statement as they read. Then, each student will create 
three initial piles based on whether they think each statement should be a high 
sustainability priority or not, or are unsure. Students will record the number of 
statements in each pile and then further sort statements using the sorting pyramid. 
Students fi ll in the sorting pyramid beginning at the edges and alternating between 

  Box 19.2 

 To encourage students to think more deeply about defi nitions of sustainability 
in watersheds or other large, multi-jurisdictional planning areas, instructors 
can ask students to complete a photo essay assignment as homework 1–2 
weeks before using the Q-sort activity. In the assignment, students will 
research sustainability issues for the assigned topic and document 15 related 
actions, situations, or conditions in photographs. This activity can help stu-
dents identify the diffi culties and  complexity   of creating an operational defi ni-
tion of sustainability. It also serves as an opportunity to assess student 
knowledge about the watershed, and provoke brainstorming and  refl ection  . 
By doing it  before  the Q-sort, students may begin to notice biological, social, 
and economic interests in the watershed that they had not previously 
considered. 
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the high and low priority sides until they reach the middle. The presorted piles 
speed the task and the “unsure” pile can be used to fi ll in any gaps. After they 
have fi nished and settled on their rankings, students record the number (1–30) 
printed on each statement in the box in the sorting pyramid that corresponds to its 
ranking (A-AD). Students then answer the open-ended questions (ESM-D) which 
are designed to elicit their  values  , motivations, knowledge, and other factors that 
may have infl uenced the statements’ rankings. The rationale for these choices 
demonstrates how each student defi nes and operationalizes sustainability.   

   5.    Compare and contrast results (10–20 min). This is intended to replicate the prin-
cipal components analysis researchers would use to group similar responses. With 
a small class that meets in a classroom that is easy to move around in, ask students 
to move around the room and, using their sorting pyramids, create groups based 
on the similarities of their ranking results. Students should interact with as many 
peers as possible before establishing groups so that they are aware of the range of 
approaches to ranking. Instructors may choose to tell students that they are, in 
essence, performing a very informal version of the principal components analysis 
that would normally be used to analyze the pyramids. Full instructions and an 
alternative option for larger courses are provided in ESM-A.   

   6.    Reconvene and discuss (10–20 min). Ask students to share the how they formed 
and defi ned their groups. The goal of the discussion is to highlight the differ-
ences in knowledge (what, why, and how) that differentiated groups. Even with-
out substantial background preparation, students are likely to have life 
experiences that led them to make inferences about the relative priority of state-
ments for which they had little information. These  values  , beliefs, and experi-
ences provide context and legitimacy to information and facts. The instructor 
may choose to discuss how Meo et al. ( 2002 ) used Q-sort as an example of its 
application to other  water  -management scenarios.   

   7.    End the activity (5 min). To close, summarize the main learning objectives of the 
activities and details about the uses and limitations of Q-sort. Subjective points 
of view matter because they shape how people interpret “the facts.” Therefore, 
negotiation among people with different  values   may include sharing information 
about “the facts” but it also requires understanding what is important to others 
and why so that collectively, stakeholders can fi nd creative ways to limit  trade- 
offs  . A list of other key points is provided in the ESM-A. To close, ask students 
to produce a written  refl ection  , explaining how a group might proceed when 
visions of sustainability are not shared (or some stakeholders reject the idea of 
sustainability entirely). This is question 6 in ESM-D. Discuss the responses.    

      Follow-Up Engagement 

•     To extend and enhance their learning, students can be asked to:

 –    Repeat the Q-sort procedure while acting as researchers who are collecting, 
evaluating and refl ecting on responses from peers outside of class.  
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 –   Read a  journal   article that applies Q-sort and write a  refl ection   on the fi ndings 
of the paper based on their in-class experience as a “research subject” (e.g., 
Meo et al.  2002 ; Previte et al.  2007 ; Webler et al.  2009 ).  

 –   Discuss case studies in environmental management that reveal how differences 
in worldviews were important to effective action (e.g., Webler et al.  2009 ).     

•   Instructors could also use the data generated in the activity to teach qualitative 
and quantitative data analysis techniques such as content analysis, descriptive 
statistics, and principal components analysis (e.g., Pruslow and Red Owl  2012 ).  

•   Other chapters in this volume provide related activities to help students explore 
worldviews (Chaps.   4     and   39    ), management of  water  -related resources (Chaps. 
  13     and   16    ) and land use planning and management (Chaps.   17     and   20    ).     

    Connections 

 This exercise relates to the examination of:

•    Environmental policies such as the US National Environmental Policy Act 
(NEPA) that call for public engagement in environmental decisions.  

•   Stakeholder engagement and community-based management of common-pool 
natural resources (e.g., Chap.   16    ).  

•   The relationship between worldviews and  values   for determining sustainability 
outcomes (e.g., Chaps.   4     and   39    )   . 
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    Chapter 20   
 Location, Location, Location! Analyzing 
Residential Development in Environmentally-
Fragile Areas                     

       Erica     A.     Morin        

       Introduction 

 After World War II, the USA experienced a massive housing shortage due to the 
infl ux of returning soldiers, increasing incomes, and “booming” family sizes. The 
resulting need for homes, coupled with a lack of local, state, and federal land-use 
regulations, led to widespread residential construction in environmentally-fragile 
areas including wetlands, hillsides, and fl oodplains. These construction practices 
caused signifi cant groundwater  pollution  , destruction of wildlife habitat, and  soil   
erosion in many communities (Rome  2001 ; Kahn  2000 ). Eventually, some towns, 
counties, and states mandated construction permits and zoning standards, but they 
were not exhaustive, and economic concerns of development frequently trump envi-
ronmental ones to this day (Pendall  1999 ; Samuels  2015 ). Despite clear environmen-
tal concerns and risk of  natural disaster  s, residential construction continues unabated 
in many environmentally-fragile areas due to desirable  urban   proximity, community 
status, and amenities like vistas and waterfronts (Van Der Vink et al.  1998 ). 

 For the activity described below, students engage in an inquiry-based group exer-
cise in which they use personal electronic devices to research and assess the risks of 
 residential development   in preselected environmentally-fragile areas. The goal is 
for students to gain a better understanding of the environmental considerations of 
residential development siting, planning, and construction. Through further discus-
sion and follow-up assignments, the learned insights can help students draw conclu-
sions about the importance of education and regulations to limit the extent and style 
of development in certain ecosystems and topographic circumstances.  
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    Learning Outcomes 

 After completing this activity, students should be able to:

•    Discuss the environmental implications of siting, planning, and building a house 
or residential subdivision/neighborhood.  

•   Identify environmental characteristics that make certain locations ill-suited for 
 residential development.    

•   Hypothesize about how to encourage and/or require better  land-use planning   and 
residential construction practices in environmentally-fragile areas.     

    Course Context 

•     Developed for an undergraduate US environmental history course with 30 stu-
dents, minimum sophomore standing, no course prerequisites, and a wide range 
of majors  

•   50 to 75 min in one class meeting  
•   Students should have a basic knowledge of ecological conditions affecting 

geographic regions throughout the USA that can be provided via preparatory 
lectures or reading assignments  

•   This activity could be modifi ed for use in a larger class with the help of teaching 
assistants to guide students     

    Instructor Preparation and Materials 

 When used for the fi rst time, this activity requires substantial instructor preparation, 
but it can subsequently be repeated with little adjustment. Instructors should begin 
by familiarizing themselves with the process of home construction and certain envi-
ronmental areas that are extremely fragile and ill-suited for  residential development   
(see Electronic Supplementary Materials (ESM) A). For example, it is useful to 
have a basic knowledge of the steps of siting and building a home, particularly 
related to the property’s  soil   composition, slope, and proximity to  water  , wetlands, 
and other natural resources. Additionally, the instructor should incorporate the risk 
of  natural disaster  s, such as fl oods, droughts, tornados, hurricanes, earthquakes, and 
wildfi res into the activity development. It is also recommended that instructors pre-
view a brief video about Modern Home Construction Techniques, which is also 
useful to show in class during the discussion (Civil Engineering  2012 ). 

 The instructor should choose and conduct preliminary research about 10–15 
specifi c communities (one for each group of two to four students) around the 
country that are situated in environmentally-fragile areas and/or had experienced 
severe  natural disaster  s in the recent past (e.g., Table  20.1  and ESM-B). These 
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towns should have easily identifi able environmental issues that students can 
readily fi nd through online searches. Select a range of locations prone to land-
slides, fl oods, wildfi res, earthquakes, droughts, tornadoes, and hurricanes, and 
places near swamps, marshes, coastlines, sand dunes, wildlife migration zones, 
and similar ecological concerns. The instructor should know the characteristics 
of these locations in order to help guide the student research activity. During 
class planning, the instructor should put him/herself in the position of the student 
and conduct a basic online search of each potential town to determine the con-
tents of the fi rst page of search results, including the images, recent news stories, 
Wikipedia entry, and town homepage, if one exists. In the author’s experience, 
the initial search results should display the location, natural surroundings, recent 
environmental issues, and occurrence of natural disasters with relative ease. The 
students should not be expected to have advanced research skills, so the fi rst 
page of search results should provide them with enough information to draw 
basic conclusions. (For example, an online news search for “Cascade, Colorado” 
specifi cally mentions the Waldo Canyon Wildfi re of 2012, which was the environ-
mental risk for students to identify in this town.) The list of communities can be 
easily updated each semester, depending on the focus of the course and to refl ect 
recent environmental topics and disasters. The supplementary presentation found in 
ESM-C corresponds directly with the communities in Table  20.1  and ESM-B, but 
can be edited to refl ect instructor-chosen additions and omissions.

   To fully implement the activity, the classroom should have digital projector 
capabilities (for presentation slides), a chalk/dry erase board (for recording 
brainstorming notes) and wireless Internet connection to enable students’ online 
research. Students must have at least one portable, Internet-accessible device 
per group (smartphone, tablet, or laptop) to complete the research. The instruc-
tor can poll students prior to planning the activity to assess the availability of 
devices among students, and remind them to bring these devices on the day of 
the activity. (If the availability of Internet-capable devices is a concern, the 
instructor should prearrange the groups to ensure even distribution of devices.) 
If wireless connectivity is unavailable or there is a shortage of devices, the 

     Table 20.1    Examples of towns in environmentally-fragile areas   

 • Beaufort, NC (hurricanes, barrier islands, coastal marshes) 
 • Cairo, IL (fl ood plains) 
 • Cascade, CO (wildfi res) 
 • Greensburg, KS (tornados) 
 • Hollister, CA (earthquakes) 
 • Homestead, FL (wetlands, plant and wildlife diversity) 
 • LaConchita, CA (slopes, landslides) 
 • Mead, CO (fracking) 
 • Mears, MI (sand dunes) 
 • Yerington, NV (groundwater) 
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activity could alternatively be completed in a computer lab. The activity also 
requires students to complete a worksheet, one per group of two to four students 
(see ESM-D). Instructors should review the worksheet and make necessary edits 
before printing or photocopying. 

 Before the activity, students should have a basic knowledge of the geogra-
phy and climate of the various regions of the country or area to be discussed. 
In the author’s course, students had preexisting knowledge of the geographic 
regions of the USA and their ecological conditions from previous lectures and 
map quizzes. If time does not allow for a separate lesson about these topics, the 
instructor may wish to assign a preparatory reading to help familiarize students 
with the regions and climates. The Environmental Protection Agency’s 
Ecoregions maps and Natural Disaster information pages are useful resources 
for this task (see ESM-A). Additionally, depending on class period length and 
focus of the course, the instructor may wish to assign a reading in advance to 
prepare students for the activity (see ESM-A for suggestions), and allocate 
time (~10–15 min) for explicit discussion of it between or within the steps 
described below.  

    Activities 

 The full lesson is implemented in three parts, as follows. Overall, the activity begins 
with a full-class discussion of the steps of  residential development   and correspond-
ing environmental concerns, then students shift into small groups to research spe-
cifi c towns, and lastly, students regroup to share fi ndings with the entire class.

    1.    Brainstorming (~15–20 min) about home construction and broader environmen-
tal implications    

  Begin with this activator question to stimulate students’ thought processes and 
establish context for the research: what are the steps involved in building a house? 
This activator is especially useful for introductory courses with a wide range of 
majors because it helps establish a common starting point. This question can be writ-
ten on the board or displayed on a slide (see slide 2 in ESM-C). Ask students to write 
a response to this question based on their current knowledge. After this, engage the 
class in an informal group discussion about how a house is built. Instructors should 
have the students share ideas about the steps and compile a roughly sequential list on 
the board (see diagram of brainstorming activity in  ESM-E). Important steps include: 
site selection and preparation, architectural style, excavating the foundation, framing 
and construction materials, installing utilities, heating and cooling needs, and land-
scaping. Next, if desired, play the brief video that shows the process of modern home 
construction techniques from start to fi nish (embedded in slide 3). This discussion 
and video helps students visualize how residential construction affects and is affected 
by the terrain,  soil  , bedrock,  water  , temperature, weather, and other environmental 
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factors. For example, many students do not consider the issues associated with dig-
ging into the ground, building on an inclined surface, or how to handle the presence 
of nearby water, among other concerns. 

 After the introduction, the instructor should transition to discussing the environ-
mental implications. While the initial activator question allows students to grasp the 
process of home building at the individual level, further discussion expands the 
topic and students’ perspectives by connecting the effects of building one home to 
the environmental consequences of construction processes in various ecological, 
climatological, and geographic areas. Using the previously generated list of steps, 
ask the class to think about what environmental factors need to be considered in 
connection with each step. The instructor can write corresponding environmental 
concerns in a second column next to the construction steps and/or draw arrows to 
connect steps and issues (see ESM-E). For example, creating a house’s foundation 
depends on  soil  , bedrock, slope, and the presence of surface and ground  water  . The 
instructor may need to ask leading questions to direct student comments. Using 
images of homes from the presentation (see slides 4–7) can also help generate stu-
dent comments about the environmental factors associated with construction. 

 Next, encourage students to think about the cumulative impact of  residential 
development  . While building one home may not seem signifi cant, building  hundreds 
or thousands of homes in a small area carries greater environmental burdens. Due to 
lower land costs, many residential development projects are built on environmen-
tally-fragile land and thereby increase the negative impact on the surrounding eco-
system. Most students recognize that the environmental risks increase as the number 
of home constructed increases. Utilize the presentation (slides 8–26) to help stu-
dents think about a variety or geographic and ecological circumstances that affect 
and are affected by large scale residential development, including farmlands, wet-
lands, hillsides, and fl oodplains. Most students envision the types of homes that are 
most common in their geographic area, but the instructor can encourage them to 
picture homes in different regions. While homes in New England often have base-
ments and cement foundation, homes in more humid and sub-tropical areas (e.g., 
Louisiana, Florida) are built above ground or on stilts because of excessive  water   
concerns. In areas that experience certain types of  natural disaster  s, such as “tor-
nado alley” in the American Midwest, a basement is benefi cial for safety reasons 
while certain house types, like mobile homes, have higher risks of damage. Most 
students can draw on common knowledge and common sense to brainstorm these 
steps and considerations, but a pre-class reading assignment can help them prepare 
for generating the list, as desired (see ESM-A for suggestions).

    2.    Group research (~15–20 min)    

  After creating a list of the environmental effects of home construction and 
the compounded risks of large scale  residential development   in a variety of 
environmental areas, the students will engage in a research activity. The instruc-
tor should place the students into small groups (of two to four, randomly or 
preassigned) to assess the risks of residential development in specifi c locations. 
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Each group is given one town name and a worksheet (ESM-D) to complete. One 
group member may be designated as recorder but all students’ names should be 
included on the worksheet. 

 Ask students to imagine that they are a team of residential contractors and devel-
opers that have been hired to determine the environmental conditions and risks of 
construction in their specifi c community. The instructor should explain that each 
community is located in an environmentally-fragile area and/or regularly experi-
ences a specifi c environmental issue or  natural disaster   risk. Student groups are 
instructed to look up the town on their devices and complete the worksheet about 
the area’s characteristics. Students should be informed that not all the questions are 
directly applicable to their town, but each location does have a serious environmen-
tal concern. Also, the instructor should inform students that they will be asked to 
share their group’s fi ndings at the end of the class period. 

 Following the organization of the worksheet, students should begin by determin-
ing the town’s location which can provide a great deal of information about geogra-
phy and climate. It is acceptable and assumed that students will use the town’s 
Wikipedia page and other basic sources to derive this information. To fi nd more 
details, students should then search using keywords such as the “town name, state” 
coupled with “environment,” “ecosystem,” “ natural disaster  s,” “environmental 
problems,” or more specifi c key terms that students glean from preliminary fi ndings, 
such as “hurricane,” “drought,” “wildfi res,” “tornados,” etc. 

 Assuming that the instructor has done pre-class research on the towns, she should 
be able to circulate throughout the classroom to direct students toward relevant 
information as needed and help with their worksheet responses. In addition, because 
this activity can present an enormous temptation for students to use their devices for 
reasons other than research, the instructor is encouraged to monitor students to help 
them stay on task and minimize distractions. In the author’s experience, for the most 
part students have generally been excited to use their devices in class and were 
respectful of the expectations.

    3.    All-class discussion to summarize fi ndings (~15–20 min)     

 After the groups have completed all or most of their work, the class should be 
asked to regroup to share their fi ndings. Students are asked why construction is not 
desirable in each location. As they respond in turn, the instructor can display slides 
with maps of each town’s location and pictures of its natural setting (see slides 
28–48 in ESM-C for map and images of the towns in Table  20.1 ). After reviewing 
the diverse case studies, students should better understand how  residential develop-
ment   in environmentally-fragile areas poses risks to ecosystems and residents in 
every part of the country. Residential development in environmentally-fragile areas 
can be seen, therefore, as an epidemic in the USA, not simply a local zoning issue. 

 After reviewing several locations with poor building prospects, the instructor 
may ask (if students have not already): why do people keep building houses in these 
places? In the author’s classes, students’ answers have refl ected scholarly research 
fi ndings, including proximity to nice areas, desirable vistas, and seeking community 
social status. An additional key question is: how can communities/towns prevent 
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this type of environmentally destructive development? This question is completely 
open-ended and can be incorporated into future lectures, discussions, or assign-
ments, as desired.  

    Follow-Up Engagement 

•     These questions can be used for additional discussion or follow-up assignments:

 –    What new information did you learn about the environmental risks of housing 
development and suburban sprawl through this activity?  

 –   What does continued construction in environmentally-fragile areas suggest 
about societal valuation of the natural world?  

 –   Should homes in environmentally-fragile areas be rebuilt after  natural 
disaster  s?  

 –   What kinds of laws/policies/incentives could be created to limit this type of 
development?  

 –   Do you think this information will infl uence your decisions about where to 
live in the future?     

•   A writing assignment can be developed based on the nature and content of the 
class discussion. For example, students could be asked to replicate the skills 
learned in the activity on their own. Students could be asked to fi nd the worst 
location for  residential development   in the USA or be challenged to propose a 
residential development location that poses little to no environmental risks.  

•   Activities are described in this volume that can be used to explore additional 
issues relevant to  urban   planning including watershed management (Chap.   19    ), 
place-based  stewardship   (Chap.   17    ),  environmental justice   (Chap.   30    ),  pollution   
(Chaps.   31    –  33    ), and  green roofs   (Chap.   34    ).     

    Connections 

 This activity relates to many other environmental and sustainability topics in other 
disciplines, including:

•    History/Political Science: the growth of environmental legislation and regula-
tions in the 1970s.  

•   Natural Resource Management/Environmental Science: the impact of  residential 
development   upon  water   resources, wetlands, wildlife habitat, and  natural disas-
ter   relief (for related activities see Chaps.   13    ,   17    ,   19     and   34    ).  

•   Engineering/Building Construction Management: improving construction meth-
ods to minimize or avoid landslides, groundwater contamination, excessive 
 energy   consumption, and negative environmental impacts.  
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•   Geography/Planning:  land-use planning   and management strategies to curb the 
environmental damage caused by increased  residential development   and restrict 
building in certain areas.         
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    Chapter 21   
 Tasting Sustainability: Using Multisensory 
Activities to Retune Food Preferences                     

       Jennifer     Gaddis        

       Introduction 

 Processed foods now account for 70 % of the calories consumed by Americans 
(Warner  2013 ). Powerful multinational companies  profi t   from consumer reliance 
on this industrialized  food   system. The cheaper consumer price of this diet—as 
opposed to local,  organic  , made-from-scratch alternatives—does not provide a true 
accounting of the ecological or social costs of “cheap” food (Carolan  2011 , Food 
Economics n.d., Doe  2015 ). 

 High rates of  soil   loss, groundwater withdrawal, and burning of  fossil fuels   point 
to the ecological unsustainability of industrial  agriculture   (Heller and Keoleian 
 2003 ). Likewise, sociological trends like ballooning health costs, the decline of 
family farms, the “graying” of American farm owners, increasing reliance on 
migrant laborers, and high rates of economic insecurity among  food   chain workers 
all point to the social unsustainability of the current system. At the planetary scale, 
the industrial food system threatens the biophysical conditions necessary for human 
life; climate,  biodiversity  , and the nitrogen cycle are all already outside of the safe 
operating space for humanity in part due to transformations of the biosphere caused 
by agricultural intensifi cation (Rockström et al.  2009 ). 
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 A sustainable  food   movement has already begun to emerge, as evidenced by the 
growth of low-carbon diets, farmers’ markets, community-supported  agriculture  , 
networks of young and beginning farmers, fair trade and  organic   certifi cations, 
worker-led campaigns for economic justice, and animal welfare initiatives. But for 
sustainable food to move from niche to mainstream, public policy needs to lower the 
geographical and economic barriers to purchasing these foods. In addition, indi-
vidual and societal food preferences must shift away from the “fl attened out” tastes 
and expectations of industrial food (Carolan  2015 ), which pose an “ affective   bar-
rier” to the adoption of sustainable food practices. For behaviors to change, alterna-
tives must also be  felt , making active “retuning” of everyday tastes and expectations 
critical to the transition process (Carolan  2015 ). 

 The activity in this chapter uses a guided  food   tasting to prompt students to think 
about retuning their own  taste   preferences while stimulating a broader discussion 
about  affective   barriers to sustainability (also see Chap.   6    , this volume). During the 
tasting, students will mindfully observe sensations of sight, smell, sound, taste, and 
touch. This provides a low-stakes opportunity for students to experiment with mov-
ing beyond “knowing” to actually “feeling” sustainability. In general, multisensory- 
learning activities offer a promising strategy for sustainability studies, given that 
such activities increase students’ engagement, foster deeper participation, and 
model learning as a fun experience (Baines  2008 ).  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Refl ect on their personal  taste   preferences and get a “feel” for sustainable  food   
using the practice of mindful eating to focus their attention.  

•   Recognize “ affective   barriers” that make sustainable  food   choices more diffi cult 
or unlikely.  

•   Explain why retuning  taste   preferences matters for the sustainability of  food   
systems.     

    Course Context 

•     Developed for an introductory  food   and sustainability course for community 
studies majors and a class size of 20–30 students  

•   With an introductory discussion of 15 min, this activity can be completed in one 
50-min class period and can be extended with a longer discussion of the assigned 
reading if desired  

•   Before class students should read Carolan ( 2015 ), but no additional background 
knowledge is needed  
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•   Adaptable to courses of any class size and level that include discussions of  food   
consumption or sustainable lifestyles; the “mindful tasting” exercise can be 
modifi ed for large-class sizes by limiting the number of samples and choosing a 
food that is easy to distribute to large groups     

    Instructor Preparation and Materials 

 To begin, the instructor should decide how much time to allocate to in-class discus-
sion of the recommended assigned reading (Carolan  2015 ) and the tasting. (The text 
below describes the implementation for one stand-alone tasting, but instructors who 
wish to conduct multiple tastings or to pair tastings with related readings should 
consult Electronic Supplementary Materials (ESM-A and ESM-D.) 

 Prior to the activity, instructors should read Carolan’s ( 2015 ) article, which 
argues that people need to be “retuned” to the tastes, textures, cares, and practices 
associated with alternatives to the dominant industrial  food   system. Instructors who 
wish to gain a deeper understanding of the alternative food movement can read 
Follett ( 2009 ), Goodman and Goodman ( 2009 ), Holt-Giménez and Wang ( 2011 ), 
and Lockie ( 2009 ). For those looking to learn more about the social determinants of 
consumer food choices, see Jaffe and Gertler ( 2006 ) and Vermeir and Verbeke 
( 2006 ) for a discussion of the gap between consumers’ attitudes, behaviors, and 
intentions to consume sustainable foods. Finally, to learn how visceral experience 
with sustainable food can mobilize people to participate in social and environmental 
activism, see Hayes‐Conroy and Martin ( 2010 ). Other background readings can be 
found in ESM-A. 

 For the tasting exercise, the instructor should identify a type of  food   or drink and 
then procure two to fi ve different samples that will allow students to distinguish 
between the “fl attened”  taste   of industrial foods and that of alternative production 
methods. Attributes to look for when selecting samples for the “sustainable” food 
category include artisanal, local,  organic  , fair trade, non- GMO   certifi ed, all natural 
ingredients, seasonal, and heirloom/heritage (i.e., plant varieties or animal breeds 
that differ from the most common, standard varieties). For example, a simple tasting 
of two samples might feature a store-bought, container-ripened, Red Delicious 
apple vs. a locally grown, freshly picked heirloom apple from a farmer’s market. 
Suffi cient amounts of the chosen food should be obtained for each student in the 
class to have a tasting portion. Thus, another key factor to consider is class size; 
foods that require special utensils or refrigeration may be diffi cult to use in large 
classes, whereas food choices like apple slices, radishes, and crackers are easy to 
use in classes of any size. 

 The instructor will also need to review and, as desired, edit or prepare alterna-
tives to the suggested in-class discussion questions (in SEM-B) for the Carolan 
( 2015 ) reading which should be assigned to students before the tasting class. (These 
questions can be printed on a handout for students to complete in class.) In addition, 
prepare and print a tasting guide (one for each student) that includes vocabulary to 
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help students describe what they see, feel, smell, and  taste  . The guide should also 
provide a space to write tasting notes about each sample (see ESM-C for a butter 
tasting example). Finally, all  food   samples (and any needed utensils) must be pre-
pared for distribution to students and clearly labeled (with a name or number if the 
instructor wishes to conduct a blind tasting).  

    Activities 

     1.    Retuning “fl attened” tastes (15–50 min, depending on the length of the article 
discussion) 

 To begin the class, lead a discussion about Carolan ( 2015 ) (e.g., using ques-
tions from SEM-B). The instructor can pose the questions to the whole class or 
ask students to answer them in small groups, possibly writing responses on a 
handout.   

   2.    Mindful tasting (5–20 min, depending on the number of samples) 
 Explain to students that they are invited to participate in a guided “mindful 

tasting,” which will provide them with an opportunity to experience and refl ect 
on the type of “retuning” that Carolan ( 2015 ) advocates as a mechanism for 
overcoming  affective   barriers to sustainability. Pass out the samples (as needed, 
asking for student volunteers) and tasting sheets. Remind everyone that ingesting 
the samples is purely voluntary. (Students with allergies or  food   aversions should 
be instructed to participate in the activity using their senses of sight, touch, and 
smell if they are able.) 

 Throughout the tasting, instruct students to do their best to isolate and name 
the sensations they are experiencing using the vocabulary on the handout. Assure 
them that there are no wrong answers, and direct them to record their honest 
reactions on the tasting sheets. 

 Lead the students through the steps of mindfully consuming each sample 
using these prompts:

   (a)    First, look at the sample and notice its color and texture.   
  (b)    Next, close your eyes and touch the sample. Pay attention to how it feels. Is 

it hard or soft? Smooth or rough? Moist or dry?   
  (c)    Now, smell the sample. What scents can you detect?   
  (d)    Finally, consider its sound and  taste  . Make sure not to eat it all in one bite, 

since you might want to return to the sample to do a comparison after 
you’ve tasted the others. Take a bite and chew very slowly, noticing all of 
the sensory experiences of chewing and tasting. What does it sound like 
when you bite into it and begin to chew? How does it feel in your mouth? 
How does it taste? Try to isolate some particular texture and fl avor notes. 
Does the intensity of the fl avor or the texture change the longer it’s in 
your mouth? 
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 Repeat the tasting prompts for each sample. After the last one, ask stu-
dents to go back through and  taste   the samples again at their own pace, this 
time specifi cally focusing on samples they’d like to compare. Encourage 
them to share their reactions with their neighbors. When students have 
tasted and compared all the samples, ask them to identify their favorite and 
least favorite. If the tasting was blind, ask them to guess which sample is 
which (from a list of choices on the board), then reveal the correct answers. 
If the students seem surprised by their own preferences, make note of this, 
and in the debrief discussion, use this to spark a discussion about what 
they think they “should” prefer and how or why their palates may have 
tricked them.        

    3.    Debrief (15–25 min, depending on how long students are given to work in small 
groups) 

 After the tasting, lead a short discussion to debrief the activity. Ask students 
to share their reactions to the different samples. Help draw out strong reactions 
and pay attention to the presence of “ambivalence,” reminding students that tast-
ings don’t necessarily elicit an immediate change in perception or behavior, but 
are nonetheless an important tool for generating new questions and potentially 
destabilizing established attitudes and expectations. If time allows, instructors 
might consider referencing key passages about ambivalence from the Carolan 
( 2015 ) text (pp. 326 and 327). 

 Next, ask students to pair up (or form small groups). Instruct them to quickly 
name a few barriers to sustainable  food   consumption that operate “out there” in 
society and  affective   barriers that operate “within” a person. Then solicit answers 
and write them on the board. As a whole class, categorize the responses as they 
relate to factors such as cost, physical access, shopping and preparation time, 
marketing, nutrition, ecological sustainability, social justice,  taste  , and personal 
experiences. 

 Finally, end with a discussion of how to help more people “get a feel for the 
alternatives”, as Carolan ( 2015 ) advocates. Ask the students to return to their 
pairs/small groups and to brainstorm a list of policies or programs that would 
create the conditions for more people to participate in alternative  agriculture   and 
food systems. If desired, have each group or student write a bullet-point sum-
mary of the recommendations.    

      Follow-Up Engagement 

•     Compile the student-generated list of policies and programs that will help people 
“get a feel for the alternatives.” Identify the most frequently proposed ideas and 
lead a discussion about what it would take to actually implement the ideas on 
their campus/in their community.  
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•   Conduct an in-class simulation to see if students are willing to pay more for 
products that are marketed as sustainable (see Vecchio and Annunziata  2015  for 
guidance; also see Chaps.   22     and   23    , this volume).  

•   Ask students to conduct a tasting with a group of friends. Have them write a brief 
 refl ection   on their experience, including a description of the participants’ reac-
tions and whether they think tastings are a promising way to lower  affective   
barriers to sustainability.  

•   Pair the tastings with local fi eld trips. In the original course, sausage and coffee 
tastings were paired with fi eld trips to a local butcher shop and coffee roaster that 
exemplify best practices in ecological, economic, and social sustainability.  

•   Have students give an oral report or write a brief  refl ection   on a  food   of their 
choosing. See ESM-D for sample prompts.  

•   Lead the “What’s in your freezer” activity (ESM-E), which fosters interesting 
discussion about  food   choices and helps students connect with each other on a 
personal level.     

    Connections 

•     The tasting activity introduces students to the practice of  mindfulness  , given that 
they are asked to focus their awareness on the present moment and to acknowl-
edge and name their own feelings, thoughts, and bodily sensations. The relation-
ship between mindfulness and sustainability, across a wide range of practices and 
topics, is a ripe area for experiential education and classroom discussion about 
lifestyle change. When people slow down and intentionally observe, what do 
they notice differently? How does focusing attention inward, and allowing one-
self time to notice sensation, foster a calm mental state and contribute to general 
well-being? According to Ericson et al. ( 2014 ), promoting mindfulness increases 
subjective well-being,  empathy  , and an examination of personal  values  , all of 
which can lead to more sustainable behaviors and to greater human well- being 
(see Chaps.   4    ,   6    ,   8    ,   29     and   43    , this volume, for related topics and activities).         
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    Chapter 22   
 Relationships Between Consumption 
and Sustainability: Assessing the Effect 
of Life Cycle Costs on Market Price                     

       Madhavi     Venkatesan        

       Introduction 

 Economics is a  science   that evaluates human behaviors within the framework of a 
resource-constrained world to assess the use of, limits to, and, thereby, sustainabil-
ity of resources (for additional discussion, see Daly  1996 ,  2014 ; Dietz and O’Neill 
 2013 ; Greer  2011 ). However, because many behaviors (i.e., immediate gratifi ca-
tion, conspicuous consumption) can be characterized as legacies, inherited from 
previous generations, they may become outdated and promote undesirable human 
activities that interfere with the long-term success of economic systems and ulti-
mately the sustainability of human and nonhuman life (for additional discussion, 
see Electronic Supplementary Materials (ESM)-A). As a result, unless there is con-
tinuous assessment of the rationale for individual and societal behaviors, needed 
changes can be delayed, leading to or maintaining the persistence of unsustainable 
outcomes, as defi ned by resource overexploitation, degradation, and depletion 
(Hards  2011 ; Venkatesan  2015 ). From this perspective, given today’s world of 
increasing human population size and consumption rates, a need exists for increased 
awareness of the motivations for present behaviors and an evaluation of the same 
relative to the promotion and achievement of sustainable outcomes (e.g., see Chaps. 
  4    ,   6    , and   21    , this volume). 

 The goal of the assignment described in this chapter is for students to analyze 
their individual consumption motivations (i.e., needs, wants, marketed demands, 
etc.) and evaluate the sustainability of a specifi c consumption choice. The 
assignment is a qualitative assessment of the life cycle costs of a purchased 
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good that, by defi nition, evaluates environmental and social costs (i.e., exter-
nalities) from production to disposal (also see Chap.   2    , this volume). Students 
conduct online research about the life cycle impacts of a good to compare the 
externalized costs with the good’s observed  market price  . In the assessment 
process, students are prompted to determine whether the price promotes over-
consumption and, via externalities, exacerbates resource depletion, degrada-
tion, and exploitation. Through the assignment, student awareness of the 
signifi cance of  consumerism   along with manufactured wants, stemming from 
marketing,  advertising  , and the  media   or cultural  values   that promote consump-
tion as a leisure activity, is increased through class discussion. With this assign-
ment, instructors can increase students’ tangible awareness of the inherent 
responsibilities embedded in consumption behavior. The pedagogy used pro-
motes research, collaboration, self-evaluation, and appreciation of the nexus 
between  economics   and other disciplines as a critical dimension of the policy 
and assessment mechanism requisite in the assessment of environmental and 
sustainability issues.  

    Learning Outcomes 

 After completing this assignment, students should be able to:

•    Recognize the current drivers (e.g., marketed demand, supply, want, need, price) 
of their own and others’ consumption behaviors.  

•   Assess the  market price   of a good relative to the externalities of its life cycle 
(production, distribution, consumption, and waste).  

•   Describe how  market price  s impact (un)sustainable consumption behaviors.     

    Course Context 

•     Developed for introductory  economics   course with 25–35 students, primarily 
noneconomics majors  

•   Two 50-min class meetings separated by suffi cient time for students to engage in 
outside-of-class research, but adaptable to a single class meeting  

•   No background knowledge is needed prior to introduction of assignment     

    Instructor Preparation and Materials 

 The following text describes the full implementation of the assignment. As 
desired, it can be modifi ed to fi t within one class period, for example, by using 
videos to introduce concepts outside of class (e.g., those in ESM-B) or assigning 
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writing assignments instead of class presentations (see “Follow-Up Engagement” 
section). 

 To facilitate the introductory background for the assignment, the instructor 
should prepare to provide students with a foundation of the  economics   concepts 
provided in Box  22.1  and the three assumptions embedded in the classical defi ni-
tions of demand and supply: (1) “unlimited wants” on the part of the consumer, 
(2)  market price    effi ciency  , which is the implied view that market price at equilib-
rium adequately assesses production and consumption costs, and (3) producer 
motivation to minimize costs and maximize revenue ( profi t  ), in part by maximiz-
ing externalities, often with unsustainable outcomes. These concepts are explained 
in more detail in ESM-A alongside an example explanatory narrative that can be 
used to present them to students. A key issue to convey to students is how exter-
nalities relate to the price of a good or service, whereby non-quantifi ed costs (i.e., 
externalities) essentially subsidize (i.e., reduce) the market price and thereby pro-
mote unsustainable resource utilization rates (for additional discussion and per-
spectives, see Hards  2011 ; Fischer et al.  2012 ; Sen  2010 ; Venkatesan  2015 ; for a 
sustainability-focused primer on these concepts, see Venkatesan  2016 ). 
Additionally, the instructor may choose to review the online videos provided in 
ESM-B and to share the same with students to facilitate understanding of how the 
topics of  consumerism  ,  economic growth  , externalization of costs, and GDP relate 
to sustainability. The introduction of foundational economics concepts provides 
an opportunity to encourage general class discussion related to students’ personal 
assessment of what motivates their consumption choices (e.g., needs, wants, marketed 
demands, etc.). 

   Box 22.1: Foundational Economics Concepts (See Further Discussion 
in ESM-B) 

•     Defi nition of  economics    
•   Defi nitions of supply and demand, law of supply, law of demand and 

embedded assumptions in supply, and demand curves  
•   Historic evolution of gross domestic product (GDP) from production 

capacity measure to an indicator of global economic progress  
•   Defi nition of the expenditure equation of GDP  
•   Assumptions of consumer and fi rm (i.e.,  business   or producer) behavior  
•   Assumption of equilibrium  market price   related to price accuracy and the 

cost of products and services  
•   Potential for  market price  s to under-remunerate true costs and thereby 

allow for unsustainable consumption  
•   Defi nition of  externality   and how externalizing of costs facilitates unsus-

tainable consumption  
•   Life cycle analysis    

22 Relationships Between Consumption and Sustainability: Assessing the Effect…



176

   As this activity involves student assessment of the life cycle of a consumption 
good, the instructor should determine what good(s) would provide the best outcome 
for the course keeping in mind that the good(s) should be an item that all students 
would have a  willingness and ability  (which are defi ning concepts embedded in 
assumptions of demand) to purchase. (Alternatively, students could be allowed to 
choose their own goods to investigate.) In addition, to facilitate the discussion of 
externalities and sustainability, the good should have potential production costs not 
included in the price (e.g., carbon and  water   footprints, effects on human health, and 
natural resources, all of which are listed in the assessment table as provided in 
ESM-C to be given to students) that will refl ect underpricing of the good, thereby 
promoting higher consumption rates and faster depletion of resources. In the 
author’s classes, an individually consumable beverage (e.g.,  energy   drink, milk, 
cola) has been used as the focal good assigned to all students (e.g., background for 
cola provided in Elmore  2013 ). To illustrate an evaluation of externalities over the 
life cycle of a good, a sample assessment table is provided in ESM-C for bottled 
water (for background, see a video for the life cycle of bottled water in ESM-B). 
This example can be used as a case study to share with students as part of the intro-
duction and research preparation while also providing an opportunity to introduce 
the Assessment Table (ESM-C). In reviewing the example, the instructor will have 
the opportunity to discuss and provide an example of assessing a good’s relative life 
cycle impact using a 0-to-3 qualitative scale to the Assessment Table categories 
(where 0 is no impact, 1 is minimal, 2 is some impact, and 3 is signifi cant impact; see 
ESM-C). (In the author’s classes, bottled water became the guide for students’ assess-
ments of their chosen beverages. The evaluation and discussion of the externalities 
and  market price   of bottled water assisted students in qualitatively assessing the 
externalities specifi c to their chosen beverage to determine whether their research 
supported the market price of their chosen beverage.) 

 To assist students with their individual evaluation of the good chosen for the 
assignment, the instructor can provide students with a blank assessment table ( ESM-C) 
and an assignment guide (ESM-D) that includes research resources and questions 
that align with the learning outcomes of the assignment. The questions should assist 
students in their determination of whether the observable  market price   is indicative 
of the externalities being assessed. Additionally, given the group discussion compo-
nent of the assignment, the instructor should be prepared to provide class time to 
establish student self-selected working groups that can meet and facilitate individual 
research prior to the next class meeting dedicated to the assignment. At the second 
class meeting, the instructor should have copies of the assessment table (ESM-C) 
available for each group to populate with consensus (group) attributions of the indi-
vidually assessed categories. During each group’s debrief of their good assessment 
and price evaluation with the class, the instructor should be prepared to foster dis-
cussion related to the assessment by engaging the class in a discussion of the ques-
tion prompts provided in the assignment guide (ESM-D). The conclusion of the 
assignment is expected to promote an understanding of drivers of demand and the 
relationship between excluded costs (externalities) and the observable market price 
of a good. At the conclusion of the second class, the instructor should be prepared to 
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help the class think about how consumption could contribute to sustainable out-
comes if the drivers of demand included an assessment of production externalities.  

    Activities 

 The assignment has four parts that are described below: (1) introduction facilitated 
by the instructor; (2) in-class research preparation by establishing student groups 
and completing initial work; (3) outside-of-class research; and (4) group discus-
sions, class presentations, and concluding refl ections.

  Part 1: Introduction and Background Discussion (For Details, See ESM-A) 
(~20 min) 

   1.    Introduce the general  economics   concepts addressed in Box  22.1 .   
   2.    Introduce students to the concept of negative externalities, specifi cally address-

ing  water   footprint, carbon footprint, human health impact, and natural resource 
impacts.   

   3.    Provide example of research resources for determining a product’s  ecological 
footprint   and health impacts (see Externalities in ESM-A) and show students 
how to fi nd additional Internet resources with searches about the following top-
ics in relation to the chosen good:  water   footprint, carbon footprint, health 
impact, and natural resource depletion.    

  Part 2: In-Class Preparation for Research (~30 min) 

   4.    Introduce the assessment table (ESM-C) (~5 min). Establish (~5 min) a baseline 
footprint and human health impact using bottled  water   (ESM-C).

    (a)    Distribute blank copies of the assessment table to students.   
   (b)    Explain the qualitative attribution of 0–3 for assessing the relative impacts of 

a good. Note that the attribution is determined after the research is collected 
for the assessment table categories. (The 0-to-3 attribution will likely be dif-
ferent for each student and this is fi ne; students will be able to discuss their 
fi ndings in the group component of the exercise to arrive at a consensus.)   

   (c)    Convey that students are to use their overall assessment of the product to 
evaluate whether the  market price   adequately captures the negative exter-
nalities of the product (see the example in ESM-C). Prompt students to 
answer these questions: Is the price indicative of the externalities assessed, 
or should the market price be higher or lower? In other words, is the product 
fairly priced, or is there evidence of environmental and social subsidization? 
How does this factor in a fair price assessment of the product?    

      5.    Provide time (~5 min) for students to self-select into groups of three or four 
based on a chosen good (from an assigned category such as a beverage or stu-
dents’ individual choices) that they all consume or are interested in. Explain that 
the  purpose   of the group is to collaborate on research about the life cycle of the 
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good within the context of four categories evaluated:  water   footprint, carbon 
footprint, human health impact, and natural resource impact. Inform students 
that the assignment relies on the use of factual data, but given the qualitative 
scaling of impacts, there will be a degree of subjective attribution to the price that 
should be able to be articulated and justifi ed by the student.   

   6.    Ask students to discuss (~13–15 min) why they have been consuming their cho-
sen good (i.e., their consumption motivation) and have each group provide a 
brief summary (~3–5 min) to the class. Motivation may refl ect price, preference, 
or  taste  . As part of the discussion, as needed depending on students’ responses, 
the instructor can also highlight how marketing and  advertising   may have played 
a role in their consumption choices or how they may have inherited a consump-
tion choice due to historical marketing and advertising success, i.e., their choices 
are behavioral legacies.   

   7.    Provide students with the research assignment (ESM-D) to facilitate outside-of- 
class research and completion of the assessment table.    

  Part 3: Outside-of-Class Research 

   8.    Give students ample time (e.g., 2 weeks) to individually research and fi nd online 
resources and information on externalities, production processes, and other data 
for their good, leaving groups to determine whether they will meet outside of 
class or wait to share fi ndings in the second class meeting set aside for the 
assignment.    

  Part 4: Group Discussions, Class Presentations, and Concluding 
Refl ections (~50 min) 

   9.    In the second class meeting, students should meet with their group, review fi nd-
ings and resources, and populate a group assessment table (ESM-C) with con-
sensus assessments and research-based justifi cations (~25 min). The group 
assessment table will be the resource used in the group debrief of the assess-
ment of their good with the class. The discussion questions from the assign-
ment (ESM-D) can be employed to facilitate group discussion and serve as 
prompts to ensure that proper justifi cations have been provided for the assess-
ment of externalities and ultimately the comparison of  market price   in relation 
to assessed externalities.   

   10.    Groups should then share their  market price   assessment and rationale with the 
class (~3–5 min per group). It is recommended that each group has a spokesper-
son that provides a summary of the group’s overall assessment of the validity of 
the good’s market price relative to its life cycle externalities and resources used 
in determining and justifying their evaluation. Even if there is some  redundancy   
among groups in the good chosen, in the author’s experience, each group is able 
to share unique points due to the variation in research approaches.   

   11.    Following the presentations, the instructor should engage the class in an evalu-
ation of the assignment specifi c to the student’s behavior to help them under-
stand the responsibility inherent in their consumption behavior. How has the 
assignment affected your understanding of your own consumption behavior? 
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Will you modify your consumption behavior as a result of what you have 
learned? In concluding the assignment and discussion, the instructor can then 
direct the class to think about how prices and consumption could contribute to 
sustainable outcomes if prices and consumption decisions included externali-
ties as part of more complete life cycle analyses of goods.    

      Follow-Up Engagement 

•     Students can be assigned readings (e.g., see Daly  1996 ; Heinberg  2011 ; 
Martenson  2011 ) and asked to evaluate how their individual consumption behav-
ior can infl uence sustainability relative to planetary resources. For suggestions 
related to implementing the assignment, see Venkatesan ( 2015 ).  

•   Students can be directed to write a  refl ection   essay, using references, to answer 
the questions provided in ESM-D. Since the refl ection paper will, in part, be an 
outcome of the student’s research for the assessment table, this should be pro-
vided with submission of the essay. An example rubric for evaluating this essay 
is provided in ESM-E.     

    Connections 

•     Awareness of the  economics   of sustainability can assist students in connecting 
and assessing causal economic relationships that have led to unsustainable envi-
ronmental outcomes such as climate change due to carbon dioxide and methane 
production and  habitat loss   (e.g., deforestation) leading to species endangerment 
and extinctions (e.g., Chap.   18    , this volume).  

•   Understanding the signifi cance of consumption behavior with  respect   to sustain-
able outcomes can promote multidisciplinary interest in anthropology,  sociol-
ogy  , and  psychology   to better understand the basis of societal and human 
behaviors (e.g., Chaps.   6    ,   21    ,   33    ).  

•   The study of history can provide a contextual foundation of sustainability from 
the perspective of the formation of generational behaviors and economic out-
comes and provide the context for current “inherited” consumption behaviors 
that may result from prior time periods’ marketed demands.         
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    Chapter 23   
 Business Sustainability and the Triple Bottom 
Line: Considering the Interrelationships 
of People, Profi t, and Planet                     

       Marilyn     Smith        

       Introduction 

 Many types of organizations, including  government  , nongovernmental, non profi t  , 
and for-profi t businesses, must make sustainability decisions about the sometimes- 
confl icting  priorities   of care for the planet, various interests of  stakeholder   groups, 
and economic or money issues (Farley and Smith  2014 ). The teaching activity 
described in this chapter introduces students to these complex interrelationships 
from the perspective of the for-profi t  business   or commercial world. Traditionally, 
businesses referred to the bottom line as profi t, but today they must consider the 
 triple bottom line   of profi t, people, and planet, while navigating the differing pri-
orities of their stakeholder groups (“Triple Bottom Line”  2009 ; also see Chaps.   2     
and   24    , this volume). In this context, Heizer and Render ( 2014 ) defi ne business 
sustainability as “thinking not just about (the future of) environmental resources 
but also employees, customers, community, and the company’s reputation.” Other 
business texts use the same or similar defi nitions (e.g., Carroll and Buchholtz  2015 , 
Russell and Taylor  2011 ). 
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 For a company to remain successful in the long run (to be fi nancially sustain-
able), it must be able to make a  profi t  , by selling its products or services for more 
than they cost to produce and deliver. However, in context of the  triple bottom line  , 
this depends on sustainable relationships with people, i.e., stakeholders including 
employees, customers, shareholders (owner or investors), regulatory agencies, 
activists, and special interest groups (e.g., environmentalists), as well as the com-
munity where they operate. In a larger context for environmental sustainability, the 
company should not do harm to the planet and understand that most resources are 
limited. However, people, profi t, and planet should not be considered separately, 
because they are interrelated, since a decision regarding one of them impacts the 
other two. Hence, balancing these three aspects for a company is challenging, espe-
cially the seemingly competing  priorities   of the different  stakeholder   groups. 

 The goal of the activity described below is to introduce students to the  triple 
bottom line   through an analysis of how a product’s  packaging   change impacts 
the cost of the product, environmental issues related to the packaging, and there-
fore the  business   owner, customers, and communities. The quick and simple activ-
ity does not require prior business knowledge and could be used with students who 
are more familiar with the scientifi c and environmental perspectives of sustainabil-
ity. Similarly, it could expand the perspective of business students with no environ-
mental  science   background, who may think that the only objective of a  corporation   
is to make a  profi t  , by introducing them to other dimensions of a sustainable bot-
tom line.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Defi ne the three components of the  triple bottom line   and describe examples of each.  
•   Explain the relationships and  trade-offs   among people,  profi t  , and planet in the 

 design  , manufacture, and use of a product,  packaging  , or service.     

    Course Context 

•     Used as an introductory lesson in a junior-level required college  business   course 
with 12–45 students  

•   10–15 min in one class meeting, or can be expanded with additional provided 
case studies  

•   Can be used in any general course that discusses sustainability, so that  business   
students learn about environmental aspects and other students learn the business 
aspects. No specifi c background is expected     
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    Instructor Preparation and Materials 

 Savitz ( 2006 ) gives a good introduction to the  triple bottom line  . If the instructor 
does not have  business   experience, additional general background information and 
key  journal   articles are provided in ESM-A and ESM-B, respectively. Also, four 
cases and further talking points about the imperative to balance issues related to 
people,  profi t  , and planet rather than to prioritize one to the detriment of the others 
are suggested in ESM-C. The fi rst two cases could be used as introductory material 
or could be used instead of the jar example provided below. The Nike and Patagonia 
cases are more complex and could be used as follow-up activities. 

 Before class, the instructor needs to identify and obtain an example product or 
service that illustrates the  triple bottom line   through a  design   change targeted toward 
sustainability. (A photo alone could also work for the activity.) For example, a pea-
nut jar (Fig.  23.1 ) says the  packaging   has been reduced by 84 % by changing from 
glass to plastic to a thinner, yet stronger, plastic. Another example would be a T-shirt 
made from recycled plastic bottles. The chosen product should enable discussion 
about the following two key points that the instructor should be prepared to present 
to or discuss with students:

•     To be successful over the long term (sustainable), companies must consider not 
just  profi t  , but also people, and the planet.  

•   People,  profi t  , and planet are connected. Companies need products and services 
that can be produced and sold for a profi t, while respecting people and honoring 
the limits of the planet.     

    Activities 

 First, students should be provided a brief (2–5 min) introduction of the  business   
defi nition of the  triple bottom line   (see introduction, references cited above and in 
Electronic Supplementary Materials for more background). 

 Then, after the selected focal product or service has been introduced, the students 
can start to brainstorm: how does this product or service change impact people, 
 profi t  , and planet? The instructor may prompt the students with additional questions 
or provide an additional example or two to help them start (see Table  23.1  for ques-
tions and considerations for the peanut jar example (Fig.  23.1 )). The brainstorming 
could be open to the whole class at once, or students could be asked to write their 
own notes for a specifi ed time (e.g., 3 min) and then discuss with a partner or small 
group, before sharing responses with the whole class. One part of the  triple bottom 
line   can never be prioritized at the complete expense of the other two over the long 
run. Companies must make a  reasonable  profi t to meet the requirements of owners/
investors/stockholders, but the goal of maximizing profi t at the expense of the envi-
ronment or other stakeholders will not be sustainable over time.
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       Follow-Up Engagement 

•     Students could play the online Energy Challenge Game, created by Duke Energy, 
the largest electric provider holding company in the USA, to educate consumers 
about the challenges they face in balancing people,  profi t  , and planet while 
deciding which  energy   sources to use (available at:   http://energychallenge.duke- 
energy.com    ). Players decide how Duke should increase its capacity to meet fore-
casted demand, by either adding plants ( coal  , nuclear, wind or solar), upgrading 
current plants to either increase capacity or reduce emissions, or closing plants. 
As decisions are made, the game shows the results in terms of the effect on 
capacity, CO 2  emissions, and costs and tracks these three results as “scores.”  

•   ESM-C includes four additional case studies in the order of simplest to most com-
plex that can be used to illustrate the interrelatedness of people,  profi t  , and planet.  

•   Related activities about the  triple bottom line   are provided in Chaps.   2     and   24    , 
this volume.     

    Connections 

•     Some companies now include  business   sustainability under the umbrella of  cor-
porate social responsibility  , a much broader concept, including  ethics   and philan-
thropy. Carroll and Buchholtz ( 2015 , p. 28) defi ne corporate social responsibility 
as: “…seriously considering the impact of a company’s actions on society” 
which “requires the (business) individual to consider his or her acts in terms of a 
whole social system, and holds him or her responsible for the effects of his or her 
acts anywhere in that system.” A related question to discuss with students is: 
What is the relationship between business sustainability and ethics?  

•   Allen ( 2009 ) defi nes greenwashing as “the act of misleading the public regarding 
the environmental practices of a company or the environmental benefi ts of a prod-
uct, service, or  business   line” and lists (as of 2009) the ten worst US offenders of 
greenwashing. Laufer ( 2003 ) provided nine examples of how companies greenwash. 

  Fig. 23.1    A  packaging   
change for a peanut jar 
provides an example to 
discuss impacts on people, 
 profi t  , and the planet. (This 
image, in color, is provided 
in ESM-A for instructor 
use).       
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To connect this concept with the activity, students can be asked whether a com-
pany can be successful by just pretending to be concerned about the planet and 
what the requirements should be for a product to be labeled as “green” or 
“eco-friendly.”  

•   Although this lesson is approached from a  business   perspective, the  triple bottom 
line   can be discussed in context of ecological issues such as resource use and 
 biodiversity    conservation  . For example, the whaling industry in the late 1800s 
provides a historical catastrophic example of pursuing  profi t   without considering 
other concerns.  

•   The challenge of balancing competing interests is explored in Chap.   19    , while 
more about the  economics   of sustainability is discussed in Chap.   22    .         
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   Table 23.1    Example questions and triple bottom-line considerations   

 Question/issue  Considerations 

 How does less  packaging   impact 
costs to the company? 

 • Reduced costs 
 • More  profi t   
 • Satisfi ed owners/investors 

 How would the  packaging   change 
possibly impact customers? 

 • Savings possibly passed on to the consumer 
 • Easier to carry and handle 

 How would the lighter weight 
impact  transportation?   

 • Savings in fossil fuel used 
 • Less cost to transport 
 • Less  transportation   emissions 

 What are the recycling issues 
related to the package change? 

 • Is plastic more likely to be recycled than glass or vice 
versa? 

 • What are the people, planet, and  profi t   issues related to 
recycling glass or plastic? 

    − How are the recycling processes different? 
    −  What are costs of recycling the respective materials? 
    − What happens if glass goes to the landfi ll? 
    − What happens if plastic goes to the landfi ll? 

 What are impacts of this change 
on workers? 

 • Easier for workers at the factory, warehouses and 
distribution centers, and stores to lift and handle 

 Key summary/big picture 
question: What if the company 
only made the change to save 
money? Would the answers above 
still be the same? 

 Note that the defi nition says “To be successful over the  long 
term ….” Companies can make short-term decisions based on 
 profi t,   as long as there is no harm to others. But to be successful 
over the long term, we cannot destroy natural resources and 
show no concern for other stakeholders besides owners 
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    Chapter 24   
 A Triple-Bottom-Line Analysis of Energy- 
Effi cient Lighting                     

        Timothy     Lindstrom      and     Catherine     Middlecamp        

       Introduction 

 The activity in this chapter focuses on an aspect of social comfort and convenience 
that is often taken for granted: artifi cial lighting. Lighting trends worldwide are 
shifting toward greater  energy    effi ciency   (Martinot and Borg  1998 ; Cook  2000 ). 
Incandescent  light bulbs   are being discarded in favor of more effi cient compact fl uo-
rescent lights (CFLs) and light-emitting diodes (LEDs). The US federal  government   
is facilitating this shift, having passed the Energy Independence and Security Act 
(EISA) of 2007 that raised lighting effi ciency standards and phased out the manu-
facture of most incandescent light bulbs (One Hundred Tenth Congress  2007 ). As 
energy-effi cient lighting becomes the new norm, payoffs are likely to be seen 
through reductions in utility bills, energy consumption,  pollution  , and carbon emis-
sions (Center for Climate and Energy Solutions  2011 ). 

 Institutions of higher education are embracing effi cient lighting as part of their 
ongoing efforts to reduce the environmental impacts of campus operations (Rappaport 
 2008 ). At the same time, instructors are seeking opportunities to utilize their cam-
puses as living-learning laboratories to explore sustainability issues (Schrand et al. 
 2013 ). By integrating a campus lighting project into the classroom, instructors can 
partner with staff from campus operations to develop benefi cial partnerships for cam-
pus sustainability and project-based learning (Herman Miller, Inc.  2005 ). 

 Electronic supplementary materials:   The online version of this chapter (doi:  10.1007/978-3- 319- 
28543-6_24    ) contains supplementary material, which is available to authorized users. 
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 To this end, the activity described here evaluates the sustainability of a campus 
lighting project using the framework of the  triple bottom line   which emphasizes 
benefi ts for the economy, environment, and community (Slaper and Hall  2011 ; also 
see Chaps.   2     and   23    , this volume). Students calculate the  payback period   of a small 
lighting project (using the provided case study or one from their campus), estimate 
its effects on associated carbon dioxide (CO 2 ) emissions, and refl ect on its societal 
impacts. The overarching goals are for students to (1) describe how sustainability 
relates to everyday decisions on their campus and (2) connect lighting and  energy   
 effi ciency   to larger economic, environmental, and societal considerations.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Compare and contrast the  energy    effi ciency   of incandescent, CFL, and LED  light 
bulbs  .  

•   Calculate the costs over time and  payback period  s for using different  models   of 
 light bulbs  .  

•   Estimate the CO 2  emissions attributed to  electricity   use for lighting.  
•   Describe the relationships among  energy   use, economic costs, and CO 2  

emissions.  
•   Apply the triple-bottom-line perspective to lighting choices and to  decision- 

making   on personal and institutional levels.     

    Course Context 

•     Developed as part of an  energy   unit for an introductory environmental studies 
course with 30–40 undergraduate students  

•   45–60 min in one class period  
•   Before the activity, students should have an understanding of the concepts of 

power,  energy  , and the  triple bottom line  . Electronic Supplementary Materials, 
written specifi cally for this  purpose  , are provided that contain introductory text 
and practice problems  

•   Adaptable to courses of any class size or level that include discussions of  energy   
and energy  effi ciency  , sustainability, and environmental  economics       

    Instructor Preparation and Materials 

 Instructors can implement this activity in one of three ways:

T. Lindstrom and C. Middlecamp
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    1.    Students evaluate the University of Wisconsin-Madison lighting project as a case 
study (the Union South Marquee) using data provided in student and instructor 
fi les (ESM-A and B). In this case, the project replaced 75-W halogen lamps with 
13-W LEDs in 11 ceiling fi xtures at a cinema in one of the student unions.   

   2.    Students evaluate a lighting project on their own campus. To do this, the instruc-
tor must obtain data for a completed lighting project, with assistance as needed 
from campus operations and facility personnel or a sustainability director. The 
necessary data are:

•    The model of each bulb (e.g., incandescent, halogen, CFL, LED)  
•   Individual cost of each model  
•   Factory lifetime in hours of each model  
•   Wattage of each model  
•   Electricity rate in $/kWh charged to the institution by the electric utility  
•   Labor costs for the project 

 The environmental assessment requires a conversion factor for mass of 
CO 2  emissions per unit of  electricity  . Contact a local utility to obtain this 
value. Alternatively, the most recent  EPA   estimates by region are available 
from the EPA eGRID webpage (EPA  2014a ,  b ). Search for  2010 eGRID sub-
region GHG output emission rates  (EPA  2014a ). Use the appropriate region’s 
CO 2  value under “Annual total output emission rates” and convert CO 2  from 
lb/MWh to lb/kwh for a more manageable value (divide lb/MWh by 1000).      

   3.    If actual campus lighting data are unavailable, students can evaluate a hypotheti-
cal lighting project designed by their instructor. For example, the instructor could 
obtain an incandescent light bulb and an equivalent CFL or LED and create a 
lighting upgrade scenario using data from the “Lighting Facts” on the  packaging   
that provide everything except the local  electricity   rate and labor costs. The elec-
tricity rate can be taken from the instructor’s residential utility bill. Labor costs in 
this case could be taken from the case study in ESM-A (p. 5).     

 Instructors should form student groups of two or three and ensure that each group 
will have a calculating device. For demonstration purposes, instructors should 
acquire either actual  light bulbs   or photographs. Instructors should review ESM-A 
and B and as needed edit the text and data to fi t their own lighting project. Both 
documents provide detailed instructions for how students should work through the 
triple-bottom-line assessment of the lighting project. Prepare and print a copy of 
ESM-A for each student.  

    Activities 

     1.    Introduction and warm-up (10–15 min)

    (a)    A discussion helps prepare students for this activity. A list of prompts is 
provided in ESM-B. Instructors may address these prompts in an all-class 
discussion or allow students to respond in small groups fi rst.   
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   (b)    ESM-A includes two pre-activity survey questions (pp. 3–4) that may be 
used in tandem or in place of the questions from the student worksheet.   

   (c)    Transition into the activity by explaining to students that they will be analyz-
ing the project from three different perspectives that follow the  triple bottom 
line  . This is a good opportunity to reiterate what the triple bottom line is and 
how it is applied to  decision-making  . 
 The following sections closely follow ESM-A. All page references refer to 
this fi le.       

   2.    Economic analysis (15–20 min) 
 This analysis examines the  trade-offs   between short-term and long-term costs of 
effi cient lighting (p. 5). Students should discover that the initial investment in 
more effi cient lighting soon pays for itself and can lead to signifi cant savings 
over the lifetime of the bulbs.

    (a)    Divide the class into groups of two or three. Each student should have a 
printed copy of the handout (ESM-A), and each group should have a calcu-
lating device.   

   (b)    Using the data in Table 1 (p. 5), each group will perform a series of calcula-
tions, eventually arriving at a simple  payback period   for the lighting upgrade. 
Estimates are given for three lengths of time that the lights are on each day: 
6, 10, or 14 h. Instructors should assign one of the three  values   to each group. 
Groups will compare their results later in the activity.   

   (c)    The handout walks students step-by-step through an initial set of calcula-
tions (p. 5). These calculations are not the  payback period  ; rather, they are 
the elements needed to then calculate the payback period. Details of the 
specifi c calculations are provided in ESM-B (p. 16).   

   (d)    Students are challenged to calculate the  payback period   of the lighting proj-
ect using the lighting data and the results of their initial calculations. 
Instructors are encouraged to remain fairly hands-off in favor of allowing the 
students to work through this process.   

   (e)    Groups compare their results with others who were assigned a different daily 
use estimate, refl ecting on how the  payback period   is affected by how long 
the lights are on. This step is explicitly written into ESM-A to facilitate com-
pliance (p. 8).   

   (f)    Students answer follow-up questions and draw conclusions as to whether or 
not more effi cient lighting is economically sustainable (p. 8).    

      3.    Environmental analysis (10–15 min) 
 This analysis helps students make connections between the light switch that is 
fl ipped on and the power plant that supplies the  electricity   (p. 9). By converting 
electricity use into mass of CO 2 , students quantify and compare an environmen-
tal impact across two scenarios of effi cient and ineffi cient lighting.

    (a)    Groups remain unchanged and use the same daily use estimate (6, 10, or 
14 h) assigned to them in the economic analysis.   
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   (b)    This analysis requires a conversion factor for mass of CO 2  per kwh of  elec-
tricity  . For information about obtaining this value, see the “Instructor 
Preparation and Materials” section.   

   (c)    Students calculate the annual reduction in CO 2  emissions from the lighting 
project.   

   (d)    Groups compare their result with others who were assigned a different daily 
use estimate, exploring how CO 2  emissions are affected by lighting prefer-
ences and behaviors.   

   (e)    Students respond to follow-up questions and evaluate whether more effi cient 
lighting is environmentally sustainable (p. 10).    

      4.    Societal analysis and  refl ection   on the triple bottom line (10–15 min) 
 This analysis refl ects on the societal impacts of the lighting project, asking stu-
dents to think about how effi cient lighting can improve the well-being of com-
munities (p. 11).

    (a)    The handout challenges students to come up with at least one example of soci-
etal impacts for each of two different scales (ESM-B provides examples):

•    The narrower-in-scope and immediate impacts relate to how the lighting proj-
ect will affect the building and its inhabitants (faculty, students, and staff).  

•   The broader, long-term impacts relate to how effi cient lighting will affect pub-
lic health and societal well-being, including impacts at local/regional (better 
air quality and associated health and economic benefi ts) and global scales 
(climate change mitigation through reduced  greenhouse gas   emissions).      

   (b)    Students conclude the activity by aggregating their fi ndings into a brief sum-
mary of the sustainability of the lighting project (p. 11). This summary 
should include an analysis of each aspect of the  triple bottom line   and should 
argue whether or not the project is a “win” for overall sustainability. If time 
is short, this fi nal task may be a homework assignment. See  Follow-Up 
Engagement  for more details.       

   5.    Conclusion (10–15 min)

    (a)    Ask groups to discuss with the class their main fi ndings for the economic, 
environmental, and societal analyses above.

•    What are their most signifi cant takeaways from the activity?  
•   Did the activity affect their views about effi cient lighting in particular or 

 energy   use in general?      

   (b)    Instructors should prompt students to refl ect on how the estimates of daily 
lighting use infl uenced both the  payback period   of the project and the annual 
reduction in CO 2  emissions. Display student results on the board for com-
parison. Do they consider this infl uence to be signifi cant?   

   (c)    Ask students to volunteer their opinion on the sustainability of the lighting 
project. Push students to justify their opinion from each aspect of the  triple 
bottom line  , and tease out differing opinions if they exist.   
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   (d)    Instructors who wish to extend the discussion may refer to the list of ques-
tions provided in ESM-B.          

    Follow-Up Engagement 

•     In a brief (1–2 page) refl ective essay, ask students to evaluate the sustainability 
of effi cient lighting, addressing each aspect of the  triple bottom line   and refer-
encing results from the activity. If appropriate, require students to use references 
to support their conclusions.  

•   Ask students to identify a light bulb in their home or residence hall that could be 
replaced. Have them search online for the manufacturer, wattage, and model of 
the existing bulb (e.g., Philips 60-W incandescent bulb). Then ask them to fi nd 
an equivalent high- effi ciency   bulb either online or at a store. Following a proce-
dure similar to the one in this activity, have students estimate the  payback period   
for purchasing the new light bulb.  

•   Assign students to read (e.g., Manley  2013 ; Truini  2012 ), or conduct their own 
research, about issues and arguments surrounding EISA and organize an in-class 
 debate  . The  government  ’s decision to phase out incandescent  light bulbs   is not 
universally popular; on the contrary, it’s a contentious topic that is fairly split 
along party lines (Herrman  2011 ; Stika  2015 ). The political left tends to support 
EISA as the right step for curbing  energy   consumption, whereas the political 
right tends to criticize EISA as another example of “big government” intruding 
on people’s lives by eliminating personal choices (Walsh  2011 ).     

    Connections 

 This activity connects to other environmental and sustainability study topics, 
including:

•    Green  engineering   and  design  . How do we make new construction and remodel-
ing projects more environmentally friendly? What are strategies for reducing 
 energy   use,  water   use, and waste during the construction and use of a building?  

•   Environmental  psychology   and  sociology  . How do people make decisions when 
there are temporal  trade-offs   between  economics   and the environment (e.g., the 
LED is more expensive to buy, but it’s better for the environment and may save 
money in the long run)? (See Chaps.   6    ,   19    ,   20    –  23    , this volume, for related top-
ics and activities.)  

•   Environmental policy and politics. The EISA legislation is an example of the 
minefi eld that elected offi cials cross when making decisions about environmen-
tal regulations. Where does  confl ict   arise between environmental policymaking 
and individual liberties? What role does and should  government   play in legislat-
ing environmentalism?  
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•   Environmental impacts of  energy   use. How does the energy system affect air 
quality, criteria pollutants,  greenhouse gas   emissions, and climate change? 
Where do renewables, energy  effi ciency  , and consumption patterns fi t in as sus-
tainable solutions? The choices we make now and in the future will have signifi -
cant impacts on the health of our societies, ecosystems, and planet. (For related 
activities, see Chaps.   25    ,   26    ,   32     and   39    , this volume.)        
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    Chapter 25   
 Go with the Flow: Analyzing Energy 
Use and Effi ciency in the USA                     

       James     D.     Wagner        

       Introduction 

 The extraction and use of various forms of  energy   are at the nexus of many environ-
mental issues. Although we live in an age of diverse energy sources— fossil fuels  , 
nuclear, solar, wind, and geothermal—most developed countries still rely heavily on 
burning the remains of ancient organisms to fuel their economies. In 2011, fossil 
fuels represented 83.6 % of the energy consumed by the USA, 85.1 % for the UK, 
79.8 % for Germany, 48.6 % for France, 88.3 % for China, and 94.8 % for Australia 
(World Bank  2015 ). It is diffi cult to appreciate the scale and scope of energy use at 
the national level, but this understanding is critical if we are to have informed and 
productive conversations about our future energy policies and the potential for 
 renewable energy   solutions (Jacobson and Delucchi  2011 ; Murray and King  2012 ; 
Yuan et al.  2014 ; World Energy Council  2015 ). 

 To initiate those discussions with students, the exercise described below uses a 
visually stunning chart that is produced every year by the US Lawrence Livermore 
National Laboratory (  https://fl owcharts.llnl.gov/    ). The  energy   fl ow chart summa-
rizes how various energy sources are used by different sectors of the economy and 
enables students to calculate how effi ciently those sectors use energy. Resources for 
energy use in other countries are provided in Electronic Supplementary Material 
(ESM) A. Through calculating proportions, this exercise reinforces to students that 
(1) the USA relies heavily on  fossil fuels  ; (2) over 2/3 of the energy consumed in the 
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USA is for electrical generation, industrial, and  transportation   needs; (3) transporta-
tion and electrical generation are dramatically energy ineffi cient; and (4) not all 
energy sources have equal application and use. A goal of this exercise is to fuel 
spirited and informed student-led discussions about the roles of sustainable energy 
sources in our economy and the scale and scope of the problem our society faces in 
moving away from our reliance on fossil fuels (also see Chap.   26    , this volume). In 
addition, this exercise helps give students a strong foundation for exploring issues 
associated with energy extraction and use, such as mountaintop removal for  coal   
mining,  pollution   (e.g., Lamborg et al.  2014 , Chap.   32    , this volume), and effects of 
global climate change.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Interpret the  energy   fl ow chart produced by the Lawrence Livermore National 
Laboratory.  

•   Compare and contrast how various sectors of the US economy rely on specifi c 
 energy   sources.  

•   Calculate and rank  energy   effi ciencies for various sectors of the US economy 
(electrical production, residential, commercial, industrial, and  transportation  ).  

•   Calculate the relative reliance of the US economy on  fossil fuels   compared to 
other  energy   sources.     

    Course Context 

•     Successfully used in a nonmajor college-level environmental  science   course with 
20–24 students  

•   Can be completed in 50 min but can be stretched to a longer class period by 
encouraging discussion or asking the students to project future changes in the 
types of  energy   used  

•   No student background knowledge required beyond basic math skills for calcu-
lating proportions     

    Instructor Preparation and Materials 

 Preparation for this exercise is minimal, but instructors who wish to prepare with 
additional background can consult the additional reading list in ESM-A which also 
includes discussion prompts for use with students. Instructors should understand the 
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energy fl ow chart’s logic and organization, the types of  energy   sources presented 
(which are self-evident by their names), and how each sector is defi ned. The dia-
gram from 2013 (provided in ESM-C) is used as an example in the description 
below and for the calculations explained in ESM-A. The most recent and previous 
years’ diagrams can be found at   https://fl owcharts.llnl.gov/archive.html#energy_
archive     or located using the keywords “Energy Flow Charts” at   https://www.llnl.
gov/    . Although the fl ow charts may be presented in units of quads or exajoules 
(American Physical Society  2015 ), understanding the specifi cs of the units is not 
required for this exercise since all calculations are based on percentages for ease of 
comparison and evaluation. 

 Providing a color copy of the fl ow chart for each student is ideal but may be cost 
prohibitive. Printing the fl ow charts onto color transparencies or laminating printed 
copies that can be reused by different classes may be an affordable alternative. 
Since the fl ow charts made since 2003 utilize bold distinctive colors with the num-
bers used in the exercise clearly identifi ed in black, projecting the fl ow charts can 
be an acceptable alternative in classrooms with computer projectors. A copy of the 
worksheet (ESM-B) and a simple calculator are needed by each student to com-
plete the activity. The worksheet can be edited as needed to fi t within the time 
constraints of the class by removing or adding questions or using some as home-
work problems.  

    Activities 

 One of the major themes of this exercise is that key changes must be made in  trans-
portation   and  electricity   generation if there is any chance to make substantial reduc-
tions in  greenhouse gas   emissions in the USA. Energy  effi ciency   improvements in 
residential and commercial sectors will help but are trivial compared to the  energy   
consumption and  pollution   from transportation and electricity generation.

    1.    Introduce the exercise by discussing the  energy   fl ow chart’s composition and 
logic. The fl ow chart is analogous to a utility bill for the entire USA in that it 
reveals the total annual energy used by all Americans and shows how they used 
that energy in their homes,  transportation  , and commercial enterprises (~5 min).   

   2.    Group students in pairs or triplets supply them with a copy of the chart and 
ensure that each group has a calculator.   

   3.    Orient the students to the top of the chart where it indicates total US  energy   use 
(e.g., for 2013 it is 97.4 Quads; see ESM-C). This will be the denominator in the 
calculations for Tables 1 and 2 on the student worksheet (ESM-B). Ask students 
to fi ll out Table 1. Have them compare their answers with other groups (8–10 min). 
If desired, this is a good time to engage students in discussion with the following 
questions (suggested answers for these and the ones below are provided in 
ESM-A):
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    (a)    How much does the US economy rely on  fossil fuels   to operate?   
   (b)    How do we defi ne renewable and conventional  energy   sources and carbon 

and carbonless energy sources ( EPA    2015a )?   
   (c)    Why is most of the  renewable energy   used in the generation of  electricity   

(NREL  2015 )?    

      4.    Orient the students to the boxes which indicate total  energy   use  within  each 
sector: electrical generation, residential, commercial, industrial, and  trans-
portation  .

    (a)    To allow the totals to add to 100 % in Table 2, the amount reported in the 
Electrical Generation box must be adjusted by subtracting out the amount of 
electrical  energy   that is then distributed into the consuming sectors 
(Residential, Commercial, Industrial, and Transportation); see the answer 
sheet in ESM-B for a detailed explanation. After 5–8 min, have the students 
compare their answers with other groups. If desired, additional discussion 
questions could be integrated here:

•    Which sectors of the US economy use the most and least  energy  ?  
•   What sources of  energy   seem to go predominantly to each of the sectors?  
•   How does this method actually underrepresent the  energy   required for 

electrical generation?       

      5.    Table 3 explores  energy   ineffi ciency in the US economy. Within the charts, 
wasted energy is labeled as  rejected energy  and is represented by the pale gray 
stream that converges to the top right side of the chart. (See ESM-A for extended 
discussion of rejected energy and how it is determined.) Completing the calcula-
tions for Table 3 requires students to notice that the amount of energy lost 
(rejected) within each sector is represented by the value above the pale gray 
stream to the right of the box associated with that sector. Using the total amount 
of energy used within a sector as the denominator and the value associated with 
rejected energy for that sector as the numerator, students can calculate energy 
ineffi ciency per sector (e.g., in 2013 (ESM-C), electrical generation wasted 
67.5 % of the energy used in the process of creating  electricity   (25.8 quads/38.2 
quads)). Suggested discussion questions to include at this point are:

    (a)    Why is  transportation   so ineffi cient? How can we improve  effi ciency  ?   
   (b)    Why is  electricity   so ineffi cient in its production?   
   (c)    Residential sector wastes about 35 % of the  energy   it requires. What aspects 

of a home contribute to this ineffi ciency?    

      6.    To close the discussion, it is worth introducing the ideas of  tax   breaks, tax subsi-
dies, and other ways in which  government  s encourage or discourage the use of 
 energy  . Discussion questions could be:

    (a)    If you controlled  government   funding to reduce carbon emissions, on which 
sector should the efforts be focused to improve  effi ciency  ? Why?   

   (b)    If we wanted to improve  transportation    effi ciency  , what are the hurdles to 
improving that sector of our economy?    
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          Follow-Up Engagement 

•     An easy way to extend this assignment is to have students compare the most 
recent year’s fl ow chart with one from a previous year found in the archive sec-
tion of LLNL’s website (above). In the author’s experiences, students are inter-
ested in the degree of changes within their own lifespan. (For such comparisons, 
note that the charts prior to 2003 merged residential with commercial sectors into 
a single entity which complicates direct comparisons to recent charts; however, 
there is little difference in  effi ciency   between residential and commercial sectors 
so those earlier charts are still worth using.)  

•   Another exercise is to examine the State-by-State Energy Flow report of 2008 
(Laboratory  2015 ) which has  energy   fl ow charts for each of the individual US 
states. Students may fi nd it interesting to compare their home state energy use 
patterns with that of the entire USA.  

•   Assign students to  role-play   as politicians who are trying to increase  effi ciency   
of the  transportation   sector using either “carrots or sticks” (i.e., incentives and 
penalties) approach. Carrots include giving  tax   credits, rebates, or subsidies to 
individuals and corporations when they invest in  energy   effi cient technologies. 
Sticks involve increasing taxes (e.g., gasoline or carbon tax) or fi nes (cap and 
trade) to encourage individuals or corporations to reduce their use of undesired 
energy sources. Have them  debate   which approach will be most effective.     

    Connections 

•     This exercise gives students a sense of the scale of  energy   use at the national 
level which allows them to be more informed during explorations of 
sustainable/ renewable energy   sources and their integration into our society (e.g., 
Chap.   26    , this volume).  

•   Our reliance on  coal   to fuel our  electricity   production results in large-scale 
destruction of natural habitats through strip mining and mountain top removal 
for coal extraction. This disrupts ecosystems and communities, issues which 
relate to  biodiversity    conservation   and social sustainability and  environmental 
justice   (e.g., Chaps.   27    –  30    , this volume). Data from this analysis suggests it may 
be easier to reduce our reliance on coal since it is used within a single sector 
compared to other  fossil fuels   (natural gas and  petroleum  ) that span multiple 
sectors.  

•   Coal accounts for only 39 % of the  electricity   generated in the USA, but it is 
responsible for 75 % of the CO 2  emissions in generating electricity. Electrical 
generation is the largest source of  greenhouse gas   emissions in the USA ( EPA   
 2015b ). (For an electricity-use activity, see Chap.   24    , this volume.)        
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    Chapter 26   
 Exploring Complexities of Energy Options 
Through a Jigsaw Activity                     

       Nathan     Hensley        

       Introduction 

 Currently, the world’s  transportation   and commerce infrastructure is designed for 
 coal  ,  oil  , and natural gas— energy   resources, which are relatively easy to transport 
and store, can be used when desired and have low production costs and high energy 
output (Murphy  2012 ; Chap.   25    , this volume). However, these  fossil fuels   are non-
renewable and have signifi cant negative side effects. Externalities, which are side 
effects of using energy sources that are not refl ected in their price, are also a factor 
in considering the potential limitations of these energy sources. Examples include 
their impacts on human health and the natural environment from pollutants released 
by combusting the fuels (e.g., Chap.   32    , this volume) and the noise  pollution   during 
the production processes. 

 Therefore, we are in an  energy   crisis. It is often argued that alternative energy 
sources (anything besides  fossil fuels  ) should be used to help “solve” this crisis. 
However, factors such as economic and environmental costs and  effi ciency   should 
be considered when looking at the possibility of transitioning to these alternatives. 
To be useful, an energy resource must provide more energy to society than is 
required to generate it. The term “ net energy ratio  ” refers to the amount of energy 
generated by an energy source versus the amount of energy expended to make it 
usable (Heinberg  2009 ). However, even an energy source with a large and positive 
net energy ratio (one that has low resource investment but produces a lot of energy) 
can be essentially worthless if it cannot be accessed by the general population. 

 Electronic supplementary materials:   The online version of this chapter (doi:  10.1007/978-3- 319- 
28543-6_26    ) contains supplementary material, which is available to authorized users. 
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 Helping students understand these  energy   issues is important because an energy- 
literate person is more likely to make well-informed decisions on topics ranging 
from energy  conservation   to utilizing energy- effi ciency   equipment on a day-to-day 
basis. As such, the goal of the activity described below is for students to learn about 
energy sources and their  net energy ratio  s so that they can explain the advantages 
and disadvantages (including externalities) of each. This is achieved through the use 
of a  jigsaw   activity in which students learn assigned components of the content mat-
ter and are responsible for educating their classmates about the assigned compo-
nents of the material.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Defi ne the concept of  net energy ratio   and explain how it impacts the viability of 
an  energy   source.  

•   Articulate the advantages and disadvantages of using different  energy   sources.  
•   Describe what an  externality   is and list ones associated with using  fossil fuels  .  
•   Explain the challenges of replacing  fossil fuels   with alternative  energy   sources.     

    Course Context 

•     Developed for introductory-level environmental  science  , environmental studies, 
or sustainability studies classes, but appropriate for advanced classes  

•   Approximately 50 min in one class meeting  
•   No specifi c background knowledge is needed by students  
•   Adaptable for courses ranging from 16 to 36 students     

    Instructor Preparation and Materials 

 Before the day of the activity:

•    The instructor should read Murphy ( 2012 ) about the  energy   sources, choose the 
ones that will be used in the activity (see Box  26.1 ), and review the completed 
“Energy Source Table” in Electronic Supplementary Materials (ESMs) A.  

•   Students should be assigned a reading pertaining to  net energy ratio   (Heinberg 
 2009 , pp. 23–28). Heinberg uses the term “ energy   return on energy invested” 
(EROEI) interchangeably with net energy ratio, a point which may need to be 
emphasized when the assignment is given. Heinberg ( 2009 ) also contains sec-
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tions about different energy sources, but Murphy ( 2012 ) is recommended for the 
student readings because it is more current.  

•   Jigsaw groups should be arranged following the instructions in Box  26.1  and 
Fig.  26.1 . (For an article about the  jigsaw   technique, see “National Institute for 
Science Education,” n.d.)

        Before class, the instructor will need to print:

•    A blank copy of the “Energy Source Table” handout for each student (ESM-B).  
•   A copy of two different  energy   source readings (from Murphy  2012 ) for every 

student as determined by the sources assigned to their seed group (see Box  26.1 ). 
In smaller classes, all energy sources may not be used.  

•   One “World Energy Use” graph per group (ESM-C).     

     Box 26.1: Directions for Creating the Jigsaw-Activity Groups 

     1.    Place students into small groups of four to six. These are the “seed groups” 
(see Fig.  26.1 ).   

   2.    Each student in a seed group becomes an “expert” on two of the following 
 energy   sources by reading about each in Murphy ( 2012 ): conventional  oil   
(p. 6), unconventional oil (p. 8), natural gas (p. 9),  coal   (p. 11), nuclear 
(p. 12), hydropower (p. 13), geothermal (p. 14), liquid biofuels (p. 15), 
industrial wind (p. 17), and solar voltaic (p. 18). For students to answer 
question #8 in the discussion questions (ESM-D), liquid biofuels will need 
to be one of the energy sources assigned.   

   3.    Form new groups (the “post-seed groups”), each comprised of at least one 
expert from each seed group so all students will learn about each  energy   
source (see Fig.  26.1 ). This can be done by assigning students in each seed 
group a number. For example, in seed groups of fi ve students, assign each 
student a number of one to fi ve. All the 1’s join post-seed group 1, the 2’s 
join group 2, etc. 

 To make a  jigsaw   activity work ideally, the number of students in a seed 
group should match the number of seed groups (see Fig.  26.1 ). However, this 
activity can work in classrooms of many sizes. For a large class, teachers can 
consider adding readings about more of the energy sources listed in Murphy 
( 2012 ) including offshore  oil   (p. 7), shale gas (p. 10), biomass  electricity   
(p. 16), concentrated solar thermal (p. 19), hydrogen (p. 20), or micropower 
(p. 21). Then the seed (and post-seed) groups can have fi ve or six members 
with a corresponding number of seed groups (e.g., six seed groups of six 
students). When the number of students in a class does not allow equal group 
sizes, more than one expert can be in the post-seed groups (e.g., seed group 
C might have an extra member, so one of the post- seed groups will have two 
students who learned about that seed group’s energy sources).     
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    Activities 

 To start the activity, the instructor should explain that there are many considerations 
when looking at the possibility of using alternative  energy   sources instead of  fossil 
fuels  . The goal for the activity—to gain a better sense of the “landscape of energy 
choices” (sensu Murphy  2012 ) and to be able to describe the  net energy ratio  , the 
advantages, disadvantages, and externalities of energy sources—can be shared to 
help frame it for students. As desired, the instructor should also introduce the con-
cepts of  externality   and net energy ratio. 

 Students should then be asked to join their assigned seed group and be given the 
handouts of the “World Energy Use” graph (ESM-C) and two  energy   sources (from 
Murphy  2012 ) that they need to read and a table (ESM-B) to complete (20 min). As 
the students complete their tables, the instructor should visit the groups to provide 
guidance and additional information as needed. For example, students may need 
direction in thinking about externalities; although the term “ externality  ” does not 
only refer to disadvantages, students will most likely fi nd that the externalities of 
their given energy sources will be negative. 

 Next, in a “ jigsaw  ” manner, each seed group member moves to their assigned 
post-seed groups such that all  energy   sources are represented in these second groups. 
In the post-seed groups, each group member is considered an “expert” on his or her 
assigned energy sources and should share the fi ndings about them from the chart 
(ESM-B) with the rest of the group (~5 min per student for a total of 20–30 min). 
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  Fig. 26.1    Jigsaw seed and post-seed groups. ( a ) Seed groups (designated with letters A–E) from 
a class of 25 students. Each seed group is given two of the  energy   sources to read about (see 
Box  26.1 ), fi ll out the table for (ESM-B), and become “experts” on. Each student is given a number 
(1–5) to indicate their post-seed groups. ( b ) Post-seed groups, designated with numbers, for a class 
of 25 students. Each is comprised of one student from each of the lettered seed groups (e.g., post- 
seed group 1 was formed from students assigned a 1 in seed groups A, B, C, D, and E).       
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 After the  jigsaw   group work, if time permits (or during the next class meeting) a 
class discussion can be fostered using questions to help students “dig a little deeper” 
into what they have learned about the different  energy   types (see ESM-D). If pre-
ferred, the instructor can give these questions to the students as homework or use 
them for assessment purposes.  

    Follow-Up Engagement 

•     A potential way to extend and facilitate the assessment of student learning is to 
have students write brief “ minute paper  s” that respond to questions such as the 
following: What do you think about what you learned through this activity? 
What should individuals and  government  s do about  energy   issues? What can you 
do to educate others about the different types of energy?  

•   Students can be asked to write a  journal   entry that requires them to refl ect on the 
obstacles to utilizing  renewable energy   and recommendations for potential 
implementation at a regional, state, and/or federal level.  

•   To help students understand how  energy   is personally relevant to them, an assign-
ment could be given that asks them to investigate how their classroom building 
is heated/cooled, the major source(s) of electrical energy for their town, or the 
nearest location with certain types of energy generation facilities (such as a 
nuclear power plant or geothermal well) (see Chap.   24    , this volume).  

•   To connect students’ lives to  energy   use and  pollution   externalities, students can 
compute their own carbon footprint online (  http://www.nature.org/greenliving/
carboncalculator/    ). The website provides background information about carbon 
footprints, tips for offsetting one’s carbon footprint, and other climate-related 
issues.     

    Connections 

•     Energy issues highlighted by this activity can be discussed in the context of envi-
ronmental  citizenship  , focusing on what individuals can do to reduce  energy   use 
in their own lives and reasons that can be conveyed when encouraging others to 
reduce their energy use (see Chap.   6    , this volume, for a related activity).  

•   This lesson relates to the triple-bottom-line concept of sustainability (which fac-
tors in ecological, economic, and social impacts; see Chaps.   2    ,   23    , and   24    , this 
volume). How do the types of  energy   that provide the most economic gain affect 
the economy and society? Is there a certain type of energy that seems to be the 
most sustainable from the triple-bottom-line perspective?  

•   For connections to the physics of  energy  , research projects about energy conver-
sion (e.g., from sources such as wind into usable  electricity  ) can be assigned 
(e.g., Chap.   25    , this volume).         
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    Chapter 27   
 Introducing the Confl icting Meanings 
of “Justice” Using a Candy-Distribution 
Exercise                     

       Kate     J.     Darby        

       Introduction 

 Environmental justice (EJ), as both a body of scholarship and social movement, is 
concerned with the intersections of social justice and environmental issues. By the 
1980s, scholars and activists began to document anecdotal evidence suggesting that 
 locally undesirable land use  s (LULUs), including landfi lls, toxic waste sites, and 
hazardous industrial facilities, were more likely to be located in low-income com-
munities and communities of color than in wealthier, white neighborhoods (for his-
torical accounts, see Cole and Foster  2000  and Gottlieb  2005 ; also see Chaps. 
  28    –  31    , this volume). Key studies conducted by the United Church of Christ ( 1987 ) 
and Robert Bullard ( 1983 ) established empirical evidence for this pattern. In 1991, 
EJ activists organized a national conference (FNPCES  1991 ) at which they articu-
lated the goals of the movement and President Clinton signed an executive order 
requiring federal agencies to consider EJ concerns, which led to the creation of an 
EJ program within the US  EPA   (EPA  2015 ). Since that time, activists and scholars 
have broadened their consideration of EJ issues to include many socio-ecological 
concerns related to power, privilege, and the environment, including disproportion-
ate access to environmental amenities and resources (e.g., parks and open spaces, 
clean  water   and air), climate change issues (e.g., unequal impacts and tensions 
between economic development needs and reducing  greenhouse gas   emissions), 
and  food   and  agriculture   (e.g., farmworkers’ health and rights, elitism in sustainable 
food movements). 
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 As awareness about EJ has grown, more instructors have integrated these topics 
into their courses. Some students enter environmental and sustainability studies 
courses with very strong ideas about  injustice   and passionate abhorrence for anyone 
with confl icting views, while others have not thought about justice in context of 
environmental concerns. The exercise described below was designed to challenge 
such views and introduce EJ by asking students to critically examine what consti-
tutes a “fair” or “just” situation. This is accomplished through an activity in which 
students distribute resources (candy and hypothetical parks) and hazards (hypotheti-
cal industrial sites) among their classmates and then discuss both the outcomes and 
their  decision-making   processes. Ultimately, the exercise will demonstrate that 
“justice” is not a straightforward concept (Schlosberg  1999 ; Shrader-Frechette 
 2002 ) and that decisions that seem just for one person or group might be unjust 
for another.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Compare and contrast different ideas of justice.  
•   Apply ideas of justice to environmental controversies.  
•   Develop their own personal defi nition of justice in the context of environmental 

issues.     

    Course Context 

•     Designed for lower- and upper-level courses with 10–40 students, including 
 environmental justice  , history, and  ethics   courses  

•   35 to 60 min in one class meeting  
•   No student background knowledge or preparation needed  
•   Adaptable to sustainability and environmental studies courses of any class size 

(if class is broken into smaller groups)     

    Instructor Preparation and Materials 

 This activity works well as an introduction to concepts related to  environmental 
justice  ; if the course includes EJ content, this exercise should be used before intro-
ducing other EJ materials. If the instructor has a limited background in environmen-
tal justice, she/he may want to begin by familiarizing themselves with concepts 
from the fi eld. The table in Electronic Supplementary Materials (ESMs) A summa-
rizes some core EJ terms and questions to guide introductory content and discus-
sions with students (that could be used to prepare handouts and presentation slides 
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as desired). In addition, the introductory section of the Toxic Waste at Twenty report 
(Bullard et al.  2007 ) and Holifi eld’s piece ( 2001 ) on defi ning environmental justice 
provide useful framing for this exercise. Instructors teaching natural resource issues 
might fi nd the reader by Mutz et al. ( 2002 ) to be helpful. (Also see Chaps.   28    –  31    , 
this volume, for additional views and resources.) 

 The instructor should prepare two sets of cards or slips of paper depicting envi-
ronmental amenities and disamenities (e.g., ESM-B). For the fi rst set of cards, fi nd 
an image depicting a smokestack or other environmental disamenities (hazard) and 
print enough copies for one-half to three-quarters of the students. For the second set 
of cards, fi nd an image depicting a park or other environmental amenities, and print 
out enough copies for one-quarter to one-half of the students. The number of envi-
ronmental disamenities (hazards) and amenities should not be equal. The instructor 
should consider fi nding images that will be meaningful to the students, perhaps 
refl ecting nearby locations and issues. The instructor should also acquire a bag of 
individually wrapped (as the students will be handling them) candy pieces that 
includes more pieces than there are students in the class. This is an important con-
sideration. If presented with the same number of candy pieces as students in the 
class, students may be more likely to distribute the candy equally. This makes the 
resulting discussion less interesting and productive. Similarly, in the author’s expe-
rience, providing fewer candy pieces than there are students in the class leads some 
students to quickly offer not to have any candy, and the exercise is completed with-
out a great deal of deliberation; this also limits the ability to facilitate a productive 
class discussion about the exercise.  

    Activities 

 The following steps guide students through a set of  decision-making   processes to 
allocate environmental amenities (e.g., candy pieces and parks) and disamenities 
(e.g., smokestack). The instructor will provide some prompts, but the decision- 
making processes and outcomes will be completely executed by the students:

    1.    Explain to students that this activity should facilitate their thinking about 
 environmental justice  , which refers to the patterns of the distribution of envi-
ronmental harms and benefi ts, and the  decision-making   processes around 
these issues. Encourage them to not overthink the exercise while participating, 
and explain that there will be a broader discussion about the issues it raises 
after completing it (2 min).   

   2.    Place a bag of candy in the middle of the classroom and ask students to distribute 
it among themselves as they see fi t. Tell them that you will not participate, that 
they must distribute ALL of the candy, and that they should let you know when 
they are fi nished. After all of the candy has been distributed, ask them to refl ect 
on how and why they shared resources as they did and if this was a diffi cult task. 
State that the next task will likely be more diffi cult, as it involves diffi cult con-
siderations of  trade-offs   (5–15 min).   
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http://dx.doi.org/10.1007/978-3-319-28543-6_28
http://dx.doi.org/10.1007/978-3-319-28543-6_31


212

   3.    Place the  amenity   and  disamenity   cards in the middle of the classroom. Ask the 
students again to distribute these amenities and disamenities; all cards must be 
given out and students may acquire more than one card. In this exercise, having 
the card means that a student lives within one-fourth mile of the image on the 
card. Again, tell them that you will not participate and that they should let you 
know when they are fi nished (5–10 min).   

   4.    After students distribute all the cards, ask them to refl ect on the outcome and 
process of each activity (the candy activity and the  amenity  / disamenity   activity) 
in a short guided writing response. What was the outcome of each activity and to 
what extent is that outcome fair or just? What process did the class use to distrib-
ute the candy, environmental amenities, and disamenities? To what extent were 
those processes fair or just? (5 min).   

   5.    Class  refl ection   and discussion can be facilitated using the starting question 
“How did you distribute the candy and cards and why?” and those in ESM-A. In 
larger classes, instructors may wish to have students discuss these questions in 
small groups and reconvene to discuss common and divergent responses. The 
instructor should use the guiding questions to draw out and illustrate the different 
approaches to justice described in ESM-A and use the board/screen to under-
score the new concepts and terms introduced (10–15 min).   

   6.    Ask students to share with their neighbor how their ideas about fairness and 
justice have or have not changed as a result of the activities and discussion. The 
instructor should ask the students to summarize what they have learned through 
these exercises and then record these insights on the board. At this point, the 
instructor may wish to introduce the key distributive environmental injustices in 
the USA; in most cases, LULUs ( locally undesirable land use  s, such as toxic 
release inventory sites and landfi lls) tend to be located in communities of color 
and low-income residents (Bullard et al.  2007 , Chap.   3    ). Explain that  environ-
mental justice   activism, which tends to focus on concerns about the “environ-
ments” where people “live, work, and play,” emerged in the 1980s as a way to 
address environmental issues not being addressed by the mainstream environ-
mental movement (Gottlieb  2005 ) (5–10 min).    

      Follow-Up Engagement 

•     The Executive Summary and Chap.   1     from the United Church of Christ’s “Toxic 
Waste at Twenty” report (Bullard et al.  2007 ) provide a nice set of follow-up 
readings to help students understand the historical development of  environmen-
tal justice   as movement and scholarship.  

•   Ask students to conduct research on the unjust distribution of  LULU  s and iden-
tify two or three procedural or structural factors (see ESM-A for defi nitions) that 
led to the unjust outcomes.  

•   Share a news report about a recent environmental controversy, or have students 
fi nd their own examples. Ask them to explore the ways different forms of justice 
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are supported or denied by various actors in the environmental controversy case 
study.  

•   Have the students form groups and ask each group to fi nd an organization work-
ing on  environmental justice  . Ask them to identify the advocacy approaches used 
by this organization. Students could also be invited to engage in some form of 
environmental justice activism for a cause that they personally support and refl ect 
on their engagement in a follow-up essay.  

•   Relevant activities are described in Chaps.   28    –  32     of this volume.     

    Connections 

•     Issues of  environmental justice   can be related to  energy   extraction (e.g., moun-
taintop removal  coal   mining; Chaps.   25     and   26    , this volume),  food   and  agricul-
ture   (e.g., farmworkers’ rights and pesticide drift; Chap.   21    ), climate change 
(e.g., implications for small island nations and the idea of “just” sustainable eco-
nomic transitions; Chap.   39    ), and  urban   planning (e.g., urban redevelopment/
gentrifi cation, providing access to green spaces designed with the community’s 
needs in mind; Chaps.   19     and   20    ).  

•   Discussions of current environmental controversies can be linked to the underly-
ing conceptions of justice and fairness valued by various stakeholders. For exam-
ple, recent controversies surrounding hydraulic fracturing for natural gas 
extraction can be framed and examined with the following questions:

 –    From an economic perspective, who benefi ts from these activities and who is 
burdened?  

 –   What are the environmental impacts from hydrofracking, especially those 
related to human health? Who is most affected by these impacts?  

 –   Who makes decisions about hydraulic fracturing and how are those decisions 
made?  

 –   What are the long-term impacts of hydraulic fracturing on communities?            
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    Chapter 28   
 Beyond Band-Aids: Using Systems Thinking 
to Assess Environmental Justice                     

       Meghann     Jarchow        

       Introduction 

 Environmental justice refers to the fair distribution of environmental benefi ts and 
burdens across all human populations (Agyeman  2005 ; also see Chaps.   27    ,   29     and   30     
of this volume). Ameliorating environmental injustices, which often disproportion-
ately impact low-income and minority communities (Bullard  2000 ), requires using a 
systems-thinking approach which emphasizes the importance of understanding how 
complex interactions and relationships affect the functioning of systems (Meadows 
 2008 ; Chaps.   3     and   31     of this volume). This applies to addressing environmental 
injustices because they emerge from complex relationships among environmental, 
social, and economic systems, and  systems thinking   provides a framework for eluci-
dating ways to intervene in a system. In contrast, more simplistic “Band-Aid” inter-
ventions, which may ameliorate an  injustice   in the short term or at a local level, are 
unlikely to create long-term, systemic change and therefore allow the root causes of 
injustices to persist. Band-Aid interventions fail to get to the “heart of the prob-
lem”—like taking aspirin to cover up pain without identifying the cause of the pain. 
Interventions to root causes of injustices are more likely to create long-term, sys-
temic change, but root causes are often more diffi cult to identify and change. 

 Environmental justice and  systems thinking   are important topics in environmen-
tal and sustainability studies. The goal of this learning activity is to help students 
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use a systems-thinking approach to examine and then propose systemic interven-
tions for environmental injustices. To accomplish this, students watch one of six 
short videos addressing  environmental justice   issues outside of class and complete 
an accompanying worksheet. In class, groups of students who watched the same 
video evaluate the issues using a systems-thinking approach, propose interventions 
to alleviate the  injustice  , and present their fi ndings to the class.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Describe environmental injustices affecting disadvantaged populations.  
•   Recognize how  systems thinking   applies to examining environmental 

(in)justice.  
•   Differentiate between Band-Aid and systemic interventions to alleviate environ-

mental injustices.  
•   Propose Band-Aid and systemic interventions to alleviate an environmental 

 injustice  .     

    Course Context 

•     Developed for an introductory sustainability course with ~30 students that was 
required for a major and minor sustainability but also met a social  science   gen-
eral education requirement  

•   50 min in one class meeting  
•   Before class, students watch a short video and complete an accompanying work-

sheet, but no additional background knowledge is needed  
•   Adaptable to a wide range of courses and class sizes; can be modifi ed for alterna-

tive class sizes by altering the number and size of groups and/or the number of 
videos watched     

    Instructor Preparation and Materials 

 Instructors should be familiar with  systems thinking   (Meadows  2008 ) and  environ-
mental justice   and  injustice   (Schlosberg  2004 ; Agyeman  2005 ; Brulle and Pellow 
 2006 ) and be able to discuss how they are related (also see Chaps.   2    ,   27    ,   29    –  31     for 
more perspectives and resources). The recommended environmental justice videos 
(Box  28.1 ) should be viewed and decisions made about which ones to assign to 
students prior to the activity. In the author’s experience, each chosen video should 
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be assigned to four to six students, which then form the in-class groups. Instructors 
should review—and edit as needed—the slide presentation (Electronic 
Supplementary Material (ESM) A), which can be used during class, and the root- 
causes handout (ESM-B) and student worksheet (ESM-C), which can be assigned 
as before-class preparation materials for the students to complete as they watch the 
videos. As an example of the types of answers expected on the student worksheet, 
ESM-D contains suggested answers for one of the videos. Additional videos are 
suggested in ESM-E. 

       Activities 

 Before the class in which this activity is implemented, students should be divided 
into groups and assigned an  environmental justice   video (i.e., each group will watch 
a different video; Box  28.1 ). After watching the video, students should complete the 
worksheet to prepare for the in-class activity (ESM-C). 

 During class, the instructor should introduce the concepts of systems,  systems 
thinking  , Band-Aid and systemic interventions, and root causes (5 min; ESM-A). 
After this, students should join their groups and discuss the completed worksheet 
questions (~10 min). For an additional 10 min, each group should then identify two 
interventions, one Band-Aid and one systemic, to ameliorate the environmental 
 injustice  (s) described in their video. 

   Box 28.1. Environmental Justice Videos (See ESM-E for Website Links 
and Additional Descriptions) 

•  “Ghana: Digital Dumping Ground”—This 20-min video explores the 
social and environmental impacts of e-waste (electronic waste) in Ghana, 
China, and India. (See ESM-D for answers to worksheet questions and a 
 concept map   for this video.)

•    “Majora Carter: Greening the Ghetto”—In this 19-min talk, Majora Carter 
describes the disproportionately high and low amounts of industry and 
green spaces, respectively, in the South Bronx where she lives, and 
community- led revitalization efforts.  

•   “Barry Estabrook: Following the Money in Lake Apopka, FL”—In this 
13-min presentation, Barry Estabrook describes the history of Lake 
Apopka, FL, especially the history of the wealthy landowners who grew 
fruit and vegetable crops there and the largely African American farm 
workers who managed and picked the crops and have been negatively 
affected by pesticides.  

(continued)
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 Each group should then present their work to the class by having one member of 
the group briefl y summarize (for a duration determined by the number of groups 
and class period length) their group’s  environmental justice   issue and describe the 
systemic intervention that the group proposed. The instructor should remind stu-
dents that the rest of the class did not watch their video and therefore did not learn 
about the same environmental justice issue. As the groups are presenting, the 
instructor should take notes on the board to facilitate summary and discussion. 
Following the presentations, the instructor should summarize the presentations and 
highlight the range of disadvantaged populations susceptible to environmental 
injustices and the similarities or differences (as applicable) in root causes identifi ed 
by groups. Students may think that Band-Aid interventions are less desirable or 
ineffective, but the instructor should suggest that Band-Aid interventions are often 
necessary and important because they generally have more immediate effects and 
are easier to change. As desired and time permits, additional discussion and student 
 refl ection   could be fostered to help students achieve the learning outcomes. For 
example, the instructor could provide an example of an initiative being led in the 
local community. The class could discuss whether it is a Band-Aid or systemic 
intervention and why that intervention was likely chosen.  

    Follow-Up Engagement 

•     At the end of the class period, give students a case study of another  environmental 
justice   issue (e.g., one affecting a different population such as Native Americans), 
and ask them to write a brief essay addressing the worksheet questions (ESM-C).  

•   In a subsequent class period, have the students use the content from all of the 
groups’ work to create a  concept map   about  environmental justice   (see ESM-D 
for an example; also see Chap.   31     of this volume).  

•   “Van Jones: The Economic Injustice of Plastic”—In this 13-min talk, Van 
Jones argues that our  attitude   of disposability is an  environmental justice   
issue because it disproportionately affects poor countries and poor 
people.  

•   “U. Roberto Romano: Children in Our Fields”—In this 12-min presenta-
tion, U. Roberto Romano describes how a large percentage of the hand-
picked  food   that we eat in the United States is picked by children migrant 
farm workers who are US citizens but are largely of Mexican descent.  

•   “Peggy Shepard: Environmental Justice”—In this 8-min talk, Peggy 
Shepard, one of the founders of the idea of environmental racism, describes 
“sacrifi ce zones,” which are areas that have disproportionately high envi-
ronmental damage or economic disinvestment.    

Box 28.1. (continued)
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•   Ask the students if they, or someone they know, are part of one of the disadvan-
taged groups and have experienced environmental injustices. If yes, ask them to 
describe those injustices. For their examples or more generally, ask them what 
roles they might have in promoting  environmental justice  .  

•   Related activities are described in Chaps.   27    ,   29    , and   30     of this volume.     

    Connections 

•     If root causes (ESM-A) are discussed in additional class periods, have students 
refl ect on how the same root cause can underlie seemingly disparate issues such 
as the example provided in the presentation.  

•   When examining environmental changes such as climate change,  habitat loss  , 
and  water    pollution  , ask students if there are any environmental injustices that 
are also happening (e.g., relating to activities in Chaps.   13    ,   15    ,   16    ,   19    , and   20    ).  

•   Have student apply a systems-thinking approach to analyze another complex 
social systems topics such as an environmental policy or law or the activities and 
environmental impacts of an international company (e.g., Chaps.   3     and   22    –  24     of 
this volume).         
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    Chapter 29   
 Engaging the Empathic Imagination 
to Explore Environmental Justice                     

       Joseph     Witt        

       Introduction 

 Environmental justice refers to the “fair treatment and meaningful involvement of 
all people regardless of race, color, national origin, or income with  respect   to the 
development, implementation, and enforcement of environmental laws, regula-
tions, and policies” ( EPA    2015 ; also see Chaps.   27    ,   28     and   30     of this volume). The 
vision of “justice” in this framework is most often conceived as distributive jus-
tice, where “just” activities are those where costs and benefi ts are fairly and equi-
tably distributed, while unjust activities are those where one individual or group 
receives an unequal burden of cost, while another group reaps an unequal and 
unfair set of benefi ts and rewards (see Rawls  1971 ). Research has shown that, fre-
quently, environmental problems are unequally distributed along sociodemo-
graphic lines such as race, gender, and class. Environmental justice movements 
seek to correct these related social injustices along with resolving connected envi-
ronmental issues (Bullard  2000 ; Gottlieb  2005 ). 

 The activity described here is designed to help students empathetically 
encounter individuals experiencing different levels of environmental  injustice   
and “go out toward people to inhabit their worlds, not just by rational calcula-
tions but also in  imagination  , feeling, and expression” (Johnson  1993 : 200). By 
considering the stories of individuals directly facing environmental challenges, 
students attempt (as much as possible) to imagine themselves in the embodied, 
lived experiences of persons different from themselves to arrive at new, creative 

 Electronic supplementary materials:   The online version of this chapter (doi:  10.1007/978-3- 319-
 28543-6_29    ) contains supplementary material, which is available to authorized users. 

        J.   Witt      (*) 
  Department of Philosophy and Religion ,  Mississippi State University ,   Starkville ,  MS ,  USA   
 e-mail: jwitt@philrel.msstate.edu  

http://dx.doi.org/10.1007/978-3-319-28543-6_27
http://dx.doi.org/10.1007/978-3-319-28543-6_28
http://dx.doi.org/10.1007/978-3-319-28543-6_30
http://dx.doi.org/10.1007/978-3-319-28543-6_29
http://dx.doi.org/10.1007/978-3-319-28543-6_29
mailto:jwitt@philrel.msstate.edu


222

perspectives on  environmental justice   and inequality. The goal is to engage stu-
dents’ empathetic imagination to step out of their own assumptions, lived experi-
ences, and worldviews and imagine new perspectives, narratives, and experiences 
surrounding issues of environmental justice. Classroom activities such as these 
that engage students’ empathetic imaginations may even help motivate greater 
active participation in projects promoting sustainability and environmental jus-
tice, as suggested by recent psychological research (Pfattheicher et al.  2015 ; also 
see Chaps.   4    ,   19    ,   39    ,   41    , this volume).  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Describe an environmental issue from a perspective different from their own.  
•   Analyze the infl uences of sociodemographic factors such as race, gender, class, 

and ability (among others) on the experiences of environmental harms and benefi ts 
among diverse individuals.  

•   Assess the value of empathizing with the experiences of others to develop solutions 
to problems of environmental  injustice  .     

    Course Context 

•     Developed for an upper-level course on religions and the environment for both 
majors and nonmajors with 25–35 students  

•   75 min in one class meeting  
•   No previous knowledge of  environmental justice   is needed for students to perform 

this exercise, but instructors may choose to introduce themes and concepts related 
to environmental justice in class sessions before this exercise  

•   Adaptable to classes of various sizes focused on environmental humanities and 
social inequalities; may be adapted to larger class sizes by dividing students into 
small groups     

    Instructor Preparation and Materials 

 Instructors should prepare two resources to conduct this exercise: (1) a short narra-
tive of an environmental issue to be considered by all students and (2) a set of indi-
vidual biographies that students will read and use to take the perspective of another 
person in order to evaluate the given issue. For the fi rst component, the chosen envi-
ronmental issue may be a fi ctional case, but it should be based in real events (e.g., the 
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case of a new  oil   pipeline to be built through a region of the US Midwest has been 
successfully used by the author; see Electronic Supplementary Materials (ESM) A 
for this example and ESM-B for other issues). The narrative of the issue should 
briefl y describe basic details about its environmental and social costs and benefi ts 
and point to possible areas of  debate   surrounding it. It should give students enough 
information to develop their own responses and opinions. Along with the narrative, 
instructors should prepare a list of questions to include on the biography handouts 
that will guide students’ refl ections. Students will answer these questions from the 
perspective of their given biography; suggestions are provided in ESM-A. 

 Second, instructors must craft a set of individual biographies of fi ctional characters 
(less than a page each) who will be impacted by the issue in some way. The biographies 
should represent a diverse set of backgrounds, sociodemographic characteristics (e.g., 
different races, genders, and levels of wealth and education), and experiences, each 
with some connection to the chosen issue. It is important that these accounts, though 
fi ctional, should be realistic, offer no clear “good” or “bad” characters, and avoid  ste-
reotypes  . (Example biographies for the pipeline construction case study are provided in 
ESM-A.) Each student will receive only one biography, and it is recommended that 
instructors draft about fi ve distinct biographies to refl ect a diversity of perspectives. 
Distribution of the biographies is dependent on class size. In classes with smaller 
enrollment, instructors may distribute the fi ve biographies randomly (with several stu-
dents receiving the same biography). Students will share their biographies with the 
whole class during the second and third phases of the exercise (see Activities). 
For classes with larger enrollment, instructors may separate students into small groups 
with each student in the group receiving one of the different biographies; in this 
context, phase two of the exercise can be conducted in small groups which then report 
back to the full class as a group in phase three. 

 A biography should be distributed to each student as a printed handout. If small 
groups are used, the number of group members should be chosen so that each group 
receives a complete set of different biographies (as needed, multiple students with the 
same biography is acceptable). In class, students will need writing materials to record 
their thoughts as they read and evaluate the case, and the teacher will need access to a 
white-/chalkboard or other presentation materials to record themes from students’ 
responses during the group discussion. The narrative of the issue under consideration 
and the  refl ection   questions should also be made available to students, either on the 
individual handouts or projected onto a screen throughout the duration of the exercise. 

 Before using this exercise, instructors should also decide whether they want to 
introduce concepts and theories surrounding  environmental justice   beforehand or 
perform this exercise “cold,” waiting to introduce core concepts until after the exer-
cise, thus allowing students to form conclusions without infl uence from others’ per-
spectives. Their responses to this exercise could then be used as data to explore 
perceptions of environmental justice and the value and possibility of  empathy   in 
later class sessions. Either way, themes and concepts of environmental justice could 
be introduced through discussions based on introductory readings, including Robert 
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Bullard’s introduction to  The Quest for Environmental Justice  ( 2005 ) or selections 
from Gordon Walker’s  Environmental Justice  ( 2012 ).  

    Activities 

 This exercise progresses through three phases. First, the instructor should distribute 
the individual biographies to the students and explain the instructions (10 min). 
Read the description of the environmental issue together as a group and then explain 
that students should individually read their given biography and answer the  refl ec-
tion   questions (ESM-A)  from the perspective of their given character’s biography  
(10–15 min). (Whether they should formally write down their refl ections is at the 
discretion of the instructor.) If students have questions about their given biography 
that are not included on the handout (e.g., the person’s age, name, place of birth, 
etc.), they should be encouraged to fi ll in those details on their own to enable them, 
as much as possible, to take on the perspective of the fi ctional person and feel a 
stronger empathetic connection which can increase the impact of the exercise. 

 In the second phase, invite students to share and discuss the details of their biographies 
and responses with the class (or their group members if groups are used) (15–25 min). 
For this phase, students should be speaking  as their given characters  (i.e., role play) .  How 
did they answer the questions from the perspective of their given biography? Until this 
point, students will have been unaware of the other biographies or who else in the class 
(or group) was given their same scenario, and they should be free to ask questions of each 
other and explore differences among the different characters’ responses. Instructors 
should keep track of major themes on a white/chalkboard as they emerge. Based on the 
author’s experiences using the pipeline case study (ESM-A), students most generally 
noted issues such as age, gender, religion, education, wealth, and political agency as 
infl uencing characters’ experiences of the issue, but any of a wide array of factors may be 
evident depending upon how the biographies are prepared. 

 For the third phase of the exercise (15+ min), students should return to  their 
own viewpoints  (not those of their given biographies) to examine the major 
themes of the exercise. Having listed relevant factors infl uencing characters’ 
experiences of the issue from the second phase, students may now be asked to refl ect 
on and share the challenges they encountered in taking new perspectives or empathiz-
ing with the embodied experiences of another. Some pointed questions to guide discus-
sion include: How did the perspective of your given biography (as presented by 
you) differ from your own personal opinions about this issue? Is it possible to truly 
empathize with another? What is the value of taking on perspectives of others? How 
might this infl uence your own opinion about environmental issues? In the author’s 
experience, students who had the same biography often arrived at slightly different 
evaluations of the issue. For example, in a recent usage of this exercise with the 
pipeline case study, one student with the biography of the American Indian woman 
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reported feeling opposed to the pipeline because of its impacts on her culturally 
sacred lands; another student with the same biography, however, reported that she 
would be happy that the pipeline would bring new jobs to her community. This 
and other differences between student accounts led to very lively discussion sur-
rounding the limitations of truly empathizing with others and setting aside one’s 
own ideological perspectives. Through the discussion, instructors should help stu-
dents come to appreciate that different people experience environmental issues 
differently based on various sociodemographic categories and that such differ-
ences infl uence people’s views and decisions about issues. As such, discerning 
“just” solutions to environmental problems requires empathizing with the per-
spectives of others and taking these differences seriously.  

    Follow-Up Engagement 

•     Students may be asked to refl ect further on the exercise and relate it to their own 
personal experiences through discussion questions such as:

 –    What, if anything, was especially diffi cult or challenging about this exercise?  
 –   Do people empathize with others enough in public debates? Why or why not?  
 –   Do you think empathizing with the experiences of others may help to motivate 

actions challenging environmental injustices or not?     

•   With the assignment, students refl ect on the issue immediately after reading 
their fi ctional biographies. They could also be asked to return to the issue sev-
eral days later, perhaps after engaging with more scholarly sources on  environ-
mental justice  . They can then be asked to compare their initial responses with 
those several days later, pointing to how their thoughts on environmental justice 
have changed over time.  

•   Bring in fi lms or news reports about recent environmental events and ask students 
to analyze those using their empathetic imaginations (e.g., videos provided in 
Chap.   28     of this volume).  

•   Invite students to have a formal, but friendly,  debate   on the specifi c issue (e.g., as 
in a town hall meeting), arguing from the perspectives of their given characters 
(e.g., Chap.   39     of this volume).  

•   Additional related activities are described in Chaps.   27     and   30     of this volume.     

    Connections 

•     When other topics are introduced, invite students to identify  environmental justice   
issues associated with them and then imagine the experiences and perspectives 
of different stakeholders.  
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•   Discuss what other psychological and social factors (e.g., religion, worldviews, 
 ethics  ) might infl uence environmental perspectives and how those infl uence our 
understanding of  environmental justice   and, in turn, individual and collective 
 decision-making   about environmental issues. (See related topics and activities in 
Chaps.   4    ,   6    ,   8    ,   19    ,   21    ,   22    , and   24     of this volume.)         
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    Chapter 30   
 Helping Students Envision Justice 
in the Sustainable City                     

       Joshua     Long        

       Introduction 

 In North America, where more than 80 % of the population is urbanized, cities are 
increasingly taking a  leadership   role in promoting sustainability (Benton-Short and 
Short  2013 ). However, no agreed-upon defi nition of a “sustainable  city  ” exists (Lorr 
 2012 ). Instead, city leaders and policymakers frequently employ the “ three pillars  ” 
approach to defi ning goals according to economic, social, and environmental con-
cerns (e.g., see Chap.   2    , this volume). Creating a sustainable city relies upon a careful 
balance of all three pillars with all residents in mind. Yet, as cities advance projects 
intended to reduce their eco-footprint, improve the health and well-being of their citi-
zens, and sustain their local economies, they face the challenge of just and equitable 
implementation (Dempsey et al.  2009 ; Benton-Short and Short  2013 ; also see Chaps. 
  27    –  29    , this volume). The development of mass transit, the creation of a city park or 
greenbelt, and the implementation of a new waste disposal program are initiatives 
that can often create economic, social, and environmental  trade-offs   that are realized 
disproportionately among residents. Even those cities with excellent reputations for 
sustainability endure signifi cant disparities and inequalities that undermine the over-
all goals of sustainable development (Schweitzer and Stephenson  2007 ; Wolch et al. 
 2014 ). As Benton-Short and Short ( 2013 , p. 481) note: “Moving toward sustainabil-
ity is not simply ‘greening’ the city… a sustainable city is also a just city.” 

 Many of the social aspects of  urban   sustainability have been largely underrepre-
sented in sustainability initiatives. The goal of this chapter’s learning activity is to 
reveal the challenges and complexities of equitable planning for urban sustainability 

 Electronic supplementary materials:   The online version of this chapter (doi:  10.1007/978-3- 319- 
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and to develop students’ critical thinking skills that can help them identify the eco-
nomic, social, and environmental disparities within urban landscapes. By comparing 
the lives of two urban citizens from different parts of the  city  , students will explore 
how each of these citizens gains access to services and amenities that are seen as part 
of living in a sustainable city. The exercise ends by asking students to consider ways 
of promoting justice and equitable development in the sustainable city.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Critically engage with the concept of “ urban   sustainability” to reveal the chal-
lenges of equitable sustainable development in a  city  .  

•   Describe the concepts of environmental and social justice as they relate to pat-
terns of unequal distribution of social services, infrastructure, and environmental 
amenities in a  city  .  

•   Articulate their responsibilities as  urban   citizens pursuing a sustainable lifestyle 
and consider how their position may provide them with advantages or disadvan-
tages compared to others in this pursuit.     

    Course Context 

•     Developed for an upper-level seminar on Urban Sustainability with 15 students  
•   75 min in one class meeting  
•   Adaptable for larger or smaller courses that cover  urban   sustainability and  envi-

ronmental justice       

    Instructor Preparation and Materials 

 For general context of the activity, instructors should be familiar with the connec-
tions and tensions among economic vitality, social justice, and environmental pro-
tection in planning for  urban   sustainability (see Krueger and Gibbs  2007 ; Dempsey 
et al.  2009 ; Lorr  2012 ; Benton-Short and Short  2013 ). The instructor should under-
stand the links between social and  environmental justice   and sustainable develop-
ment and ways to best communicate this from a critical urban studies perspective 
(see Esposito and Swain  2009 ; Dempsey et al.  2009 ). For example, Schweitzer and 
Stephenson ( 2007 ) provide an excellent introduction to environmental justice (a 
phrase that incorporates a social justice dimension to “environmental racism”) and 
its importance in urban policy. Wolch et al. ( 2014 ) offer important insights into the 
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links between environmental sustainability initiatives and gentrifi cation/displace-
ment. Manaugh et al. ( 2015 ) broadly discuss the lack of planning for social equity 
in  transportation   issues in American cities. Since sustainable development is fraught 
with contradictions, the instructor may fi nd it helpful to review case studies that 
reveal the challenges inherent to urban sustainability projects, particularly those that 
explicitly address social and environmental justice. For example, Goodling et al. 
( 2015 ) uses the case study of Portland, Oregon, to reveal examples of the challenges 
of equitable implementation of sustainability policies and initiatives in one of 
America’s most sustainable cities. Dooling ( 2009 ) describes how the ecological 
rehabilitation of an urban watershed in Seattle led to the displacement of the home-
less and related social services. Each of the sources suggested above carefully jux-
taposes the intended benefi ts of sustainability projects against the potential 
drawbacks, reminding the reader that both planners and the public have a responsi-
bility to ensure that social and environmental justice remain key components of 
urban sustainability. 

 The above resources can be used to construct an introductory lecture, create 
worksheets ahead of class that would facilitate and/or shorten the exercise, prepare 
defi nitions for terms or concepts that may be unclear, and/or provide examples to 
help students understand how these problems materialize in real cities. Familiarity 
with these sources may also provide instructors with the knowledge needed to tailor 
this exercise to individual classes. The discussion questions in  Parts II  and  III  below 
are provided in Electronic Supplementary Materials (ESM) A for instructors to use 
to prepare presentation slides, worksheets, or other materials.  

    Activities 

     Part I (20 min) 

 At the beginning of class, the instructor asks the students to imagine the ideal sus-
tainable  urban   landscape and consider it in the context of the larger  city  . (As needed, 
also introduce the “ three pillars  ” of sustainability to frame the discussions so that 
students recognize the need to consider economic, social, and environmental aspects 
of urban sustainability.) Thinking about the following features at the neighborhood 
scale will help to focus the exercise:  transportation   infrastructure,  water   quality,  pol-
lution  , parks and greenbelts, economy and industry, social services, diversity, edu-
cation, crime, entertainment and leisure activities, etc. Students are then asked to 
imagine a stereotypical  un sustainable urban neighborhood, considering the same 
features as above. Students can be asked to write down brief notes that describe each 
of these cities, and the instructor may choose to write these on the board. Following 
this, the instructor then asks the class to collectively (or in small groups) construct 
a profi le of an “average” resident of each city, recording the basic description of 
each to facilitate comparing and contrasting their lives. Creativity should be encour-
aged to make this part more relatable; for example, it is suggested that the class 
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develop names, occupations, background stories, etc. for each of the residents. This 
exercise will obviously yield different results depending on the class, but for an 
example see ESM-B. Alternatively, the instructor can save time by using the supple-
mentary example to facilitate the exercise.  

     Part II (30 min) 

 The instructor reminds the students that their imagined sustainable and unsustain-
able  urban   landscapes—and the lives of their representative citizens—exist in virtu-
ally every major  city   in North America, including those with excellent reputations 
for urban sustainability. For purposes of the exercise, the instructor then asks stu-
dents to imagine that these two citizens live in the same city and that their lives are 
connected and interdependent economically, environmentally, and socially. In this 
part of the exercise, the instructor asks a series of questions intended to show the 
disparities and connections between these two citizens:

•    (Economic) Is a sustainable lifestyle more expensive to maintain? For example, 
does it cost more to live in a “green” neighborhood, purchase sustainable  food  , 
or have access to public  transportation  ? From a social sustainability perspective, 
would a higher salary allow access to better education, health care, entertain-
ment, or other lifestyle amenities?  

•   (Economic) How are these lives connected or disconnected through their 
occupations, taxes and social services, and/or class structure? Which of these 
residents can respond more easily to increases in property taxes, rent, or 
costs of services?  

•   (Social) Which of these citizens has access to better educational opportunities 
and health care? Which is more likely to live in a high-crime neighborhood? 
How might access to entertainment and leisure activities differ between these 
two citizens?  

•   (Social) Which of these citizens is more likely to encounter some form of dis-
crimination or displacement? When you were constructing the profi les of each of 
these citizens, did you picture them to have different ages, genders, levels of 
education, ethnic backgrounds, and family situations?  

•   (Environmental) Which is more likely to reside in a neighborhood with cleaner 
air,  water  , and  soil  ? How might such environmental conditions impact their 
health and livelihood?  

•   (Environmental) Which of these citizens has greater access to parks and which 
lives closer to their work or has better access to sustainable  transportation  ? Do 
both residents have access to the same recycling options, compost pickup, or 
other waste services?  

•   (Environmental) Which of these citizens has a larger eco-footprint and why?  
•   (Synthesis) How do these questions reveal the interdependency of sustainabili-

ty’s “ three pillars  ” and the need to incorporate all three equitably to ensure true 
sustainability?  
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•   (Synthesis) Refer to the list of features in  Part I  (i.e.,  transportation   infra-
structure,  water   quality,  pollution  , parks, etc.). How would each of these 
require consideration of social, economic, and environmental issues to 
address their sustainability?     

     Part III (25 min) 

 The instructor then asks the class to try to construct a defi nition of “ urban   sustain-
ability.” Following this, the instructor should ask the following:

•    When considering the lives of the two citizens profi led in the earlier part of this 
activity, do you think that there may be different defi nitions of sustainability for 
different citizens? What might these look like? How could they all contribute to 
a  city  ’s sustainability?  

•   Did you fi nd yourself relating to one of the two citizen profi les created in the fi rst 
part of the activity? How does their situation affect their ability to live a more 
sustainable life? If you lived in the  city  , what could you do as an individual to live 
a sustainable life? How does your position as a college-educated person allow 
you certain advantages in the pursuit of sustainability? What other advantages 
might you have besides education?  

•   What projects or initiatives would you suggest that would make the  city   more 
sustainable in an equitable manner for the greatest number of citizens? In other 
words, if you are going to build a sustainable city, how do you make it sustain-
able for everyone and not just a privileged few?      

    Follow-Up Engagement 

•     Assign homework that requires students to develop a new sustainability initiative 
(such as constructing a new mass transit route, rehabilitating an  urban   watershed, 
or building a new waste-to- energy   incineration plant). Students should consider 
who benefi ts from this project and who is negatively affected. They must employ 
all three “pillars” of sustainability and consider the  trade-offs   for different com-
munities within the same  city  .  

•   Assign a group project in which some groups profile a historically low-
income neighborhood of the  city  , while others profile an upper middle-class 
neighborhood. Each group must find data on property  values  , average 
income, ethnic makeup, educational attainment, history of hazardous waste 
or  pollution  , crime rate, access to  transportation   options, and additional fac-
tors chosen by the instructor. Each group presents on their neighborhood 
and discusses how policy measures (whether real or hypothetical) may affect 
each neighborhood differently.  
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•   Ask students to summarize and respond to a recent newspaper article from a 
major US  city   that highlights how a specifi c sustainability initiative or environ-
mental policy measure would affect residents in the city depending on their 
income, location, and/or other demographic characteristics. (For related skill- 
focused activities, see Chaps.   37     and   40    , this volume.)  

•   Other chapters in this volume describe activities that can build on topics in this 
chapter including land use management and planning (Chaps.  19     and   20    ), consid-
ering the worldviews of others (Chaps.   4    ,   39    and   41    ),  environmental justice   
(Chaps.   27    –  29    ), and  pollution   (Chaps.   31    –  33    ).     

    Connections 

•     Environmental and social justice issues can affect the overall eco-footprint of a 
 city   and therefore have connections to larger issues such as global climate change 
and  biodiversity   loss.  

•   Compare the  environmental justice   issues in the  city   to global environmental justice 
issues; how are they similar but on a much larger scale and how do they differ?  

•   How does  urban   sustainability compare to sustainability issues that affect rural 
areas and small towns?         
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    Chapter 31   
 Social-Ecological Systems Mapping 
to Enhance Students’ Understanding 
of Community-Scale Confl icts Related 
to Industrial Pollution                     

       Curt     Dawe     Gervich        

       Introduction 

 The federal Emergency Planning and Community Right-to-Know Act (EPCRA) 
(U.S. Code, Title 42, Chapter 116) was passed by the US  government   in 1986 after 
several national and international industrial accidents released toxic chemicals into 
the environment ( EPA    2015a ). These accidental releases, which include the 1984 
Union Carbide disaster in Bhopal, India, carried vast ecological and public health 
consequences. Subsequently, elected offi cials and environmental regulators in the 
United States strongly supported legislation to document and raise awareness 
about the risks of industrial pollutants. EPCRA has two main purposes: (1) to assist 
state, county, and municipal governments in developing response plans for acci-
dental chemical releases and (2) to provide residents with information about the 
toxic chemicals handled by industries in their communities. The steps put in place 
to raise awareness about industry’s use of hazardous chemicals are outlined in the 
 Toxics Release Inventory   ( TRI    1986 ). This program, which is overseen by the 
Environmental Protection Agency (EPA), includes strict reporting requirements 
for approximately 20,000 industrial facilities across the United States (EPA  2015a ). 
The TRI empowers community groups with information to assist them in confront-
ing industrial polluters and engaging government regulators to reduce local eco-
logical and public health risks. 

 The activity described in this chapter provides an introduction to the  TRI   and 
highlights some of the ways that community groups in the United States use the 

 Electronic supplementary materials:   The online version of this chapter (doi:  10.1007/978-3- 319- 
28543-6_31    ) contains supplementary material, which is available to authorized users. 
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program. The activity uses a National Public Radio series,  Poisoned Places  (NPR 
 2011 ), as source material for exploring and creating  social-ecological systems   
maps. The  Poisoned Places  case studies powerfully document local-level confl icts 
related to hazardous  pollution  . Social-ecological systems mapping is a tool for illus-
trating and analyzing the complex relationships among the human and more-than-
human components of an environmental management or governance challenge. The 
main objective of this activity is to help students use social-ecological systems map-
ping to reveal the roles and responsibilities of industry actors, community organiza-
tions, and  government   regulators involved in the governance of toxic releases at 
community scales and to identify  leverage points   for de-escalating environmental 
confl icts among these groups.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Elaborate on the objectives, requirements, and uses of the  Toxics Release 
Inventory.    

•   Create and describe a  social-ecological systems   map that illustrates the ways 
that industry, community, and  government   stakeholders interact to manage 
toxic pollutants.  

•   Identify the relationships among stakeholders that contribute to  pollution  -related 
confl icts at the community scale.  

•   Use  social-ecological systems   mapping to highlight  leverage points   for de- 
escalating confl icts and improving management of industrial pollutants.     

    Course Context 

•     Developed for an introductory-level environment and society course with 25–30 
environmental studies and environmental  science   majors  

•   ~50 min of in-class time  
•   Students do not need preparation but may benefi t from reading the  EPA    TRI   Fact 

Sheets (provided as Electronic Supplementary Materials (ESM) A, B and C) or 
review the TRI website before the activity:   http://www2.epa.gov/toxics-release
-inventory-tri-program      

•   Adaptable for use in advanced environmental policy or environmental  sociology   
courses. In policy-focused courses, instructors may want to provide additional 
details about the political history and objectives of the  TRI  , as well as how the 
program contributes to the enforcement of other laws. In sociology contexts, 
instructors may want to delve deeper into the policy’s philosophical foundations 
in environmental equity and uses in grassroots activism     
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    Instructor Preparation and Materials 

 Preparation for this exercise requires about 30 min. Two introductory presentations 
(slides in ESM-D and an online link to a Prezi presentation by the author provided 
in ESM-E) should be reviewed as possible resources to present to students. They 
resources outline the activity for creating  social-ecological systems   maps based on 
NPR’s  Poisoned Places  series and include introductory talking points regarding the 
 TRI   and  pollution   management. The PowerPoint includes an introduction to social- 
ecological systems mapping, basic details about the TRI, and the NPR/systems 
mapping activity. The Prezi provides more comprehensive details about the political 
history and philosophical underpinnings of the TRI in addition to the social- 
ecological systems mapping activity. The online Prezi cannot be edited, though 
instructors can choose select parts to view in class. Instructors should use either the 
PowerPoint or Prezi, but not both. 

 Instructors should be aware of the basic elements of the  TRI   and  social- 
ecological systems   mapping prior to carrying out this activity. This understanding 
can be gained by reviewing the  EPA  ’s TRI Fact Sheets (ESM-A, ESM-B and 
ESM-C), the TRI website, and the example presentations (ESM-D and ESM-E). 
Additional background materials regarding the TRI and its philosophical foundations, 
social- ecological systems mapping, and industrial accidents are included in ESM-F. 
Two copies of the listening guide worksheet (ESM-G) should be printed for each 
student. Students will use this worksheet in class. The example presentations 
(ESM-D and ESM-E) include embedded links to two of the  Poisoned Places  case 
studies. Instructors should listen to/watch these prior to class and complete a lis-
tening guide for each. After reviewing these cases and others in the series, you 
may choose to use alternative stories in class, based upon unique objectives and 
students’ interests.  

    Activities 

     1.    Instructors should fi rst provide an overview of the  Toxics Release Inventory   
(12 min). Main talking points include:

    (a)    The role of historic industrial accidents in raising the public’s awareness 
about the risks of living near polluting facilities. Examples are provided in 
PowerPoint slide two.   

   (b)    The underlying purposes of community-right-to-know policies, which are to 
raise the public’s awareness of risk and change, provide information that 
stakeholders can use to inform decision making, and enhance  stakeholder   
participation in community planning ( EPA    2015a ). PowerPoint slide three 
highlights these purposes as they relate to EPCRA.   

   (c)    The  TRI   reporting criteria. Facilities must report to the TRI if they ( EPA   
 2015a ) (1) use at least one of the approximately 680 chemicals listed by EPA 
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that pose chronic or acute health risks and/or carry risks to the environment, 
(2) meet designated industry classifi cations, and (3) have ten or more 
employees. These points are provided in PowerPoint slide four.   

   (d)    Additional talking points and student-centered discussion questions are pro-
vided in ESM-H, and the supplementary presentations can be used as a road 
map for this introduction (see ESM-D and ESM-E).    

      2.    Instructors should introduce  social-ecological systems   mapping as a tool for 
comprehensively conceptualizing the dynamic and interconnected natural and 
social elements of environmental confl icts and identifying  leverage points   for 
improving environmental governance among multiple stakeholders. You should 
also emphasize that while this activity focuses on community-scale confl icts 
related to industrial  pollution  , social-ecological systems mapping can be used to 
reveal patterns of behavior in many contexts. PowerPoint slide fi ve emphasizes 
these points and outlines a four-step process for drawing social-ecological sys-
tems maps. The four-step process is intended to help students draw maps that 
contain four elements: nodes or parts, relationships, loops and  thresholds  , and 
leverage points (10 min).

    (a)    Providing students with an example map of a system with which they are 
already familiar can help build their conceptual understanding of system 
principles. The example I like to use, and that is included in PowerPoint slide 
six, is about drinking caffeine. ESM-D walks through a process for building 
a system map that illustrates behaviors related to caffeine intake in a fun and 
light-hearted way.    

      3.    The  purpose   of the fi nal portion of this activity is for students to practice  social- 
ecological systems   mapping by applying the four-step methodology to illustrate 
the dynamics of the  TRI   and other cases of hazardous industrial  pollution   at the 
community scale. Instructors should introduce  Poisoned Places  series, which 
documents case studies of stakeholders working at grassroots levels to reduce the 
risks from hazardous pollutants in their communities. This portion of the activity 
uses the NPR series as source material for students’ social-ecological systems 
maps (25 min).

    (a)    Play the audio for the case study “ Secret Watch List Reveals Failure to Curb 
Toxic Air ” (Shogren  2011  and embedded in slide 7 of ESM-D). Students 
should fi ll out the listening guide (ESM-G) while listening to the story. Once 
the case study is over, instructors should lead the class through the creation 
of a  social-ecological systems   map on the blackboard (see an example on 
slide 8 in ESM-D which can be shown and used for comparison after the 
class creates its own). This process should be interactive, with students col-
laboratively constructing the map by describing the stakeholders, relation-
ships, actions, and consequences they observed in the story as the instructor 
or a volunteer student draws the map on the board. Following this process, 
you can lead a class discussion about the process of drawing the maps. You 
may want to ask students which  stakeholder   relationships are more or less 
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visible in the report and to identify  leverage points   that offer opportunities 
for managing the system to reduce  confl ict   and  pollution  .   

   (b)    The class should then watch a second  Poisoned Places  story,  Despite Warnings 
From Inspector ,  One Iowa Town Still Battles Toxic Air  (Berkes  2011 , and 
included in slide 9 of ESM-D) and use the listening guide (ESM-G) to take 
notes. Following the video, students can work individually or in small groups to 
create  social-ecological systems   maps that illustrate the relationships noted in 
the documentary. An example social-ecological systems map of this case study 
is provided in slide 10 of ESM-D (again, the example should not be revealed 
until after students create their maps). The instructor should conclude with a 
discussion about the similarities and differences among students’ system dia-
grams, emphasizing the inclusion of the four elements of systems maps. As a 
fi nal  synthesis   activity, instructors should ask students to identify  leverage 
points   for managing the system and de- escalating the confl icts reported in the 
story. During this discussion, you may want to ask students to distinguish 
among leverage points used by stakeholders in the story and alternative lever-
age points that the students, from their perspectives as outsiders to the story, 
believe offer new opportunities for reducing  confl ict   in this scenario.    

          Follow-Up Engagement 

•     As a follow-up assignment, instructors can ask students to listen to additional 
case studies from the NPR (2015) website and create  social-ecological systems   
maps (that are described in more detail with narrative) that illustrate the gover-
nance relationships and possible  leverage points   embedded within them. A 
description of this assignment is provided in ESM-I.  

•   Instructors that wish to explore the politics of  pollution   could facilitate a class 
discussion about the durability of the  TRI   over time. Periodically the TRI comes 
under attack by members of the US Congress that support the reform of policies 
seen as limiting or slowing  economic growth  . Instructors can ask students to 
predict some of the arguments these policy makers might use to advance their 
agendas. Contrary to our assumptions, some of the TRI’s biggest supporters are 
industry stakeholders. Instructors can ask students to think of some of the rea-
sons industry groups might support the TRI and want to maintain its strength.  

•    EPA  ’s  TRI   offi ce has initiated a University Challenge (EPA  2015b ) program to 
generate new ways of using, communicating, and visualizing TRI data. The 
goals of this program are to engage students in improving awareness and access 
to the online TRI databases and mapping tools. As a follow-up assignment, 
instructors may have students write proposals for this program. Details are found 
on the website (EPA  2015b ).  

•   For a global perspective on toxic  pollution  , students can identify and explore com-
munity-right-to-know policies in other countries and compare them to the  TRI  .  

•   Activities to explore  environmental justice   are included in Chaps.   27    –  30     of this 
volume.     
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    Connections 

•     The  TRI   website (  http://www2.epa.gov/toxics-release-inventory-tri-program    ) 
provides unique mapping tools that are searchable by location and allow students 
to explore the distribution of polluting facilities across communities. Students 
can use these tools to explore their hometowns or other communities. These tools 
are connected to the US Census and enable connections to  environmental justice   
and equity (e.g., Chaps.   27    –  30    , this volume).  

•   Exploring  EPA  ’s risk screening tools, found at   http://www.epa.gov/risk/    , can pro-
vide insight and analysis into the particular risks that accompany specifi c chemi-
cals as well as risks that are faced by sensitive populations such as children, 
pregnant women and those of child-bearing age, and the elderly. This allows the 
activity to be integrated into discussion of public health and epidemiology.  

•   Students interested in environmental education and outreach may be curious about 
the  communication   tools created by  EPA   and the effectiveness of these programs.        
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    Chapter 32   
 The Skies, the Limits: Assessing the Benefi ts 
and Drawbacks of Tighter US Soot Emission 
Standards                     

       Sandra     L.     Cooke        

       Introduction 

 Exposure to air  pollution   is linked to numerous health problems including asthma, 
cancer, low birth weight, and cognitive impairment (Grahame et al.  2014 ; Kim et al. 
 2013 ). The US Environmental Protection Agency ( EPA  ) sets National Ambient Air 
Quality Standards (NAAQS) for six “criteria” pollutants that are particularly dam-
aging to human health (EPA  2014 ), and the US  Clean Air Act   mandates that the 
EPA periodically review the NAAQS and the  science   upon which they are based 
(EPA  2013b ). In December 2012, the EPA announced that it would tighten the limit 
on one criteria pollutant: fi ne particulate matter (PM 2.5). Commonly called  soot  , 
PM 2.5 is emitted by diesel engines,  coal   burning, and industrial activities (among 
other sources) and is associated with detrimental cardiovascular and respiratory 
conditions (Kelly and Fussell  2012 ). The tighter soot limits were praised by public 
health advocates but denounced by stakeholders in manufacturing and related 
industries (Shogren  2012 ). The National Association of Manufacturers (NAM) fi led 
a legal challenge to the new standard, but in May 2014, a federal appeals court 
upheld the EPA’s decision (Barboza  2014 ). The regulation took full effect in 2015. 

 The goal of the discussion-based activity described below is for students to think 
critically about this environmental health issue and assess the benefi ts and draw-
backs of the new  EPA   limit. Additionally, after reading about current research on 
the chemical composition of particulate matter, students consider how an improved 
understanding of the specifi c components of PM 2.5 and their associated health 
effects could lead to more effective air quality regulations.  
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    Learning Outcomes 

 After completing this activity, students should be able to:

•    Identify why  soot  , also known as fi ne particulate matter (or PM 2.5), is an  EPA   
criteria pollutant that can be harmful to human health.  

•   Discuss two competing perspectives on the 2012  EPA    soot   regulation and argue 
in favor or opposition of the new policy.  

•   Explain how new scientifi c knowledge on the composition of  soot   could help 
develop better solutions for its regulation.     

    Course Context 

•     Developed for an introductory environmental  science   course with 20–50 stu-
dents, mostly non-majors  

•   50 min in one class meeting  
•   Students should have some background on NAAQS, as detailed below  
•   Could be adapted to smaller or larger classes and may also be appropriate for 

environmental policy or  ethics   courses     

    Instructor Preparation and Materials 

 Instructors should be familiar with the  EPA   NAAQS and the sources and impacts of 
PM 2.5 ( soot  ). The EPA’s websites (EPA  2013a ,  b ;  2014 ) and review articles by 
Kelly and Fussell ( 2012 ) and Cassee et al. ( 2013 ) can be consulted for basic infor-
mation needed to implement this lesson. A key article is that of O’Connor et al. 
( 2008 ), who found that short-term increases in PM 2.5 to levels below NAAQS were 
associated with adverse respiratory health effects in inner  city   children in the 
USA. Instructors interested in additional details could peruse the EPA’s Integrated 
Scientifi c Assessment (ISA) for Particulate Matter (US EPA  2009 ), which describes 
more of the  science   behind the EPA’s decision to tighten soot standards (it is, how-
ever, a bit overwhelming, with over 1000 pages and thousands of references). 

 This activity is most effective if students have been introduced to some basic 
principles of air  pollution   (e.g.,  EPA   criteria pollutants and their sources and effects; 
overview of the  Clean Air Act   and NAAQS). If such topics were not covered in the 
course before using this activity, instructors should consider providing students with 
additional introductory information (e.g., via a mini-lecture at the beginning of class 
or a pre-class reading or video) based on the context of their course. References 
cited above, along with general environmental  science   textbooks, can be consulted 
to develop a presentation that matches the specifi c context of a course. In addition, 
the EPA air quality website is a good resource for updates on regulations and visual 
aids (US EPA  2014 ). 
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 Materials used in the activity should be reviewed prior to the class period, includ-
ing the audio news story (Shogren  2012 ), three brief articles (ALA  2012 ; NAM 
 2012 ; Peake  2012 ; text of the latter provided in Electronic Supplementary Material 
(ESM)-A), a handout with discussion questions (ESM-B), presentation slides 
(ESM-C), and the instructor’s guide for discussion (ESM-D). In the presentation 
slides, the instructor may wish to replace the slides containing information about 
PM 2.5 in Central North Carolina with that for their own region as can often be 
found on the website of a state’s (or country’s) division or department of air quality 
(or using other references provided below). Printed or pdf copies of the audio tran-
script and three articles should be provided to each student before class or for use in 
class. Assemble the fi ve handouts in a single packet ordered as follows: discussion 
questions, audio transcript (Shogren  2012 ), ALA press release (ALA  2012 ), NAM 
press release (NAM  2012 ), and NC State research blog article (Peake  2012 ). To play 
the audio of the NPR story and have students read the online articles in class, an 
audio system and Internet access are required in the classroom, including for all 
students. 

 This activity involves discussion in groups of two to four students, so the instruc-
tor should decide on a method of group formation such as (1) using a deck of  playing 
cards to randomly assign groups; (2) strategic assignment based on the instructor’s 
knowledge of each student’s personality, motivation,  leadership   qualities, etc.; (3) 
allowing students to choose their own groups; or (4) where students are sitting. The 
instructor should also decide if each student will turn in a completed handout indi-
vidually (preferable to ensure engagement by all) or if each group will submit one.  

    Activities 

 This activity uses small-group and whole-class discussions in an “interrupted” for-
mat. First, the instructor briefl y (3–4 min) reviews the six  EPA   criteria pollutants 
(PM, nitrous oxides, sulfur oxides, carbon monoxide,  ozone  , lead) and explains that 
NAAQS are updated periodically when environmental health research suggests that 
existing standards are inadequate (US EPA  2009 ,  2013b  and O’Connor et al.  2008 ). 
Groups should then be formed based on the instructor’s preferred method. After 
distributing the fi ve handouts (ESM A and ESM B) and allowing the students some 
time to review Part 1 of the discussion guide, the instructor plays the NPR news 
story reporting on the December 2012 decision to tighten  soot   standards (Shogren 
 2012 ; listening to the story together can enhance students’ grasp of the issue, 
although the transcript should still be provided to the students). After this, students 
are given 20–25 min to read two brief press releases (ALA  2012 ; NAM  2012 ) and 
answer the questions in Parts 1 and 2 of the handout in their small groups. The 
instructor should circulate through the room to answer questions, ensure that stu-
dents stay on task, and encourage further discussion if necessary (e.g., for question 
7 the instructor can ask individual students or the small group how strongly they 
support or do not support the new standard and what evidence or claims they con-
sidered in their decision—see ESM-D). 

32 The Skies, the Limits: Assessing the Benefi ts and Drawbacks of Tighter US Soot…



242

 Before students begin Part 3 of the handout, the instructor should interrupt the 
group discussions to review with the class what PM 2.5 is using slide 3 (ESM-C), 
which shows how “fi ne” 2.5 μm actually is. Next, the instructor can poll the small 
groups to determine who supports and opposes the tighter standard, and whether 
each group’s decision was unanimous. As desired and as time permits, this would 
be a good moment to engage the class with discussion questions about personal 
perceptions of the issue (Box  32.1 , questions 1 and 2; ESM-D). Showing slide 4 
(ESM-C) will inform students of national PM 2.5  pollution   levels in the USA from 
2000 to 2013 which can be paired with question 3 in Box  32.1 . The instructor should 
then explain slide 5, which is from the research blog post that students will read for 
Part 3 (ESM-C). It shows the relationship between elemental carbon—a component 
of PM 2.5—and cardiovascular disease hospitalization risk. Then, students should 
be given about 10–15 min to read the blog post (Peake  2012 ) and discuss answers 
to Part 3 of the handout as the instructor moves around the room again. 

 With approximately 5–10 min of class remaining, the instructor brings the whole 
class together to discuss question 10 of the student handout (how more research 
could lead to improved air quality regulation). Initially, students may answer this 
question by saying research will show that PM 2.5 is not as bad as we thought and 
therefore does not need stringent regulation. However, if they carefully read, think 
about, and discuss the research blog post, they should see the connection between 
understanding which specifi c components of PM 2.5 are most harmful and develop-
ing more nuanced NAAQS that target only those harmful components (ESM-D). If 
time allows, the instructor can conclude the activity by briefl y explaining that some 
regions have a history of non-attainment for the previous PM 2.5 standard (in ESM- 
C, slides 6–8 show NC as an example), which implies that there could be problems 
meeting the new, tighter standard. The instructor could then ask discussion of ques-
tion 4 (Box  32.1 ; ESM-D). 

    Box 32.1. Questions to Enhance Discussion 

     1.    Do you think our class poll results would mirror that of the American pub-
lic? That is, if we were to poll the US (or North Carolina) public on their 
opinion of the new  soot   standard, what would the results look like?   

   2.    How do individuals’  values  , worldviews, and experiences infl uence their 
perception of this issue and of environmental issues more broadly?   

   3.    Does the recent trend in PM 2.5 affect how strongly you do or do not sup-
port the new standard?   

   4.    The new  soot   limit has been in place since December 2012, but mitigation 
measures begin in 2015 and should be fully implemented by 2020. What 
type of monitoring or research should be done to determine if the tighter 
limit is more effective than the previous limit?     
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       Follow-Up Engagement 

•     The following are possible prompts for assignments or assessment:

 –    Select one  EPA   criteria pollutant, identify one of its main sources, and 
describe its effects on the environment and/or human health.  

 –   Explain the benefi ts and drawbacks of the new  EPA   standard on fi ne particu-
late matter.  

 –   Write a  letter to the editor   or op-ed article about the  EPA  ’s decision to tighten 
the standard and the more recent ruling by a federal appeals court to uphold 
the new regulation (e.g., Barboza  2014 ; activity described in Chap.   40    , this 
volume).  

 –   Write a press release of the study by O’Connor et al. ( 2008 ) that documented 
detrimental respiratory health effects in children exposed to PM 2.5 levels 
below the former NAAQS.  

 –   Design a poster for a public museum exhibit that explains how  soot   is hazardous 
to human health.  

 –   Investigate how other countries have dealt with PM 2.5 regulations (or with 
air  pollution   more generally). Resources from the World Health Organization 
(WHO) may be a useful starting point (e.g., WHO  2014 ).        

    Connections 

•     This activity addresses how  trade-offs   are often made when crafting public pol-
icy (e.g., Chap.   4    , this volume). False dichotomies of “humans vs. the environ-
ment” or “the environment vs. the economy” are often used to frame environmental 
problems. While claims are made that tighter regulations will stifl e job growth, 
one could also point to the economic costs of detrimental public health effects. 
Arguably, this activity exemplifi es that more sustainable solutions (those with a 
long-term, more holistic outlook) ultimately benefi t the environment, the economy, 
and, thus, society as a whole (i.e., the  triple bottom line  ; see Chaps.   23     and   24    , 
this volume).  

•   Regulating air  pollution   is often considered an  environmental justice   issue 
(see Chaps.   27    –  30    , this volume). O’Connor et al. ( 2008 ) and references therein 
provide detailed information on the increased vulnerability of poor  urban   residents 
to adverse effects of air pollution.  

•   The US  Clean Air Act   gives the  EPA   considerable authority in regulating criteria 
pollutants, which some may view as excessive. Hence, this activity is relevant to 
the broader issue concerning the  government  ’s role in environmental policy.         
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    Chapter 33   
 Don’t Blame the Trees: Using Data to Examine 
How Trees Contribute to Air Pollution                     

       Patrick     W.     Crumrine        

       Introduction 

 In 1980, US President Ronald Reagan stated that “approximately 80 % of our air  pol-
lution   stems from hydrocarbons released by vegetation, so let’s not go overboard in 
setting and enforcing tough emission standards from man-made sources” (Pope 
 1980 ). This statement was widely criticized by environmentalists because it oversim-
plifi ed and exaggerated the contribution of plant emissions to air pollution. While 
plants do not cause pollution directly, they do emit approximately 75–80 % of the 
 volatile organic compounds   (VOCs) in the USA (Lerdau and Slobodkin  2002 ; US 
 EPA    2013 ). The remaining 20–25 % comes from various industrial processes and 
vehicular emissions. In the presence of sunlight, VOCs react with nitrogen oxides 
(hereafter NO x ), produced from fuel combustion, to form ground-level  ozone   (Purves 
et al.  2004 ). Ground-level ozone is a  greenhouse gas  , a human health hazard, and 
negatively affects plant productivity resulting in billions of dollars in crop losses glob-
ally (Ainsworth et al.  2012 ). Since the industrial revolution, baseline ground-level 
ozone concentration has increased from ~10 ppb to 35–40 ppb in many parts of the 
Northern Hemisphere, and ozone pollution events during the summer, with levels 
exceeding 70 ppb (the current US EPA standard), are a routine occurrence in both 
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 urban   and rural regions (Hartmann et al.  2013 ). Although anthropogenic emissions of 
some ozone precursors such as NO x  have likely declined in the last 20–30 years in 
Europe and North America (Hartmann et al.  2013 ), signifi cant amounts of NO x  and 
other precursor chemicals are still emitted and lead to the formation of ground-level 
ozone. Considering the contribution of plants to this problem is important because 
plant VOCs are highly reactive and are so abundant in some regions that reductions in 
anthropogenic VOCs have had little impact on ground-level ozone concentrations. 
Quantifying the relative contribution of plant VOCs to the production of ground-level 
ozone can inform approaches to minimizing air pollution. 

 In this chapter’s activity, students will become familiar with factors infl uencing the pro-
duction of ground-level  ozone   with an emphasis on the role of  VOC  -emitting trees in North 
America. After completing a background reading about air  pollution   concepts, students 
interpret data that document the increase in ground-level ozone between 1950 and 2010, the 
relative contribution of natural and anthropogenic ozone precursors, and the spatial extent 
of ground-level ozone pollution in the USA. In groups, students answer questions about the 
data and synthesize the information to conclude the activity. The larger goal of this activity 
is to help students develop skills in interpreting and synthesizing data to explain the forma-
tion of an important secondary air pollutant (ground-level ozone) and recognize that effec-
tive environmental policy requires sound scientifi c understanding of environmental 
processes.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Distinguish between primary and secondary air pollutants and identify precursor 
chemicals that lead to the formation of ground-level  ozone  .  

•   Interpret fi gures and tables that document temporal and spatial changes in the 
concentration of ground-level  ozone   and its precursors.  

•   Explain the relative contributions of anthropogenic and natural emissions to the 
formation of ground-level  ozone  .  

•   Evaluate different management approaches for reducing air  pollution     .  

    Course Context 

•     The in-class portion of the full activity requires 75–100 min and may extend 
across multiple class sessions  

•   Students acquire background knowledge on air  pollution   through assigned 
readings  
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•   This activity was developed for an introductory environmental  science   course for 
environmental studies majors and is implemented toward the end of the unit on 
air  pollution  . This activity works best in relatively small classes (<36), with stu-
dents working in groups of three to fi ve  

•   A slightly abbreviated version of the activity that omits Table 2 and Fig. 4 
requires 55–70 min. It can also be adapted for larger classes with the instructor 
leading all students through the activity or as a homework assignment     

    Instructor Preparation and Materials 

 Prior to implementing the activity, the instructor should become familiar with the 
key concepts underlying this activity (ESM-A). Reading the papers and reports that 
the fi gures and tables for the activity were obtained from will provide additional 
context and background; citations are included with each fi gure in ESM-B. 
Instructors should also review the answers to questions assigned to students (ESM- 
C). In the class session prior to the activity, the instructor should assign the chapter 
on air  pollution   if a textbook is used in the course. Alternatively,  The Plain English 
Guide to the    Clean Air Act    (US  EPA    2007 ) provides a good introduction to key 
concepts. These readings should familiarize students with the basic concepts associ-
ated with air pollution pertinent to the activity such as anthropogenic sources of air 
pollutants, their environmental and health effects, and the basic principles of the 
Clean Air Act. Students should also recognize the difference between “good”  ozone   
in the stratosphere (i.e., the ozone layer) and “bad” ground-level ozone. Instructors 
may choose to prepare a lecture or activity to review key terms and concepts (ESM- 
A) with students before the activity. Alternatively, a quiz (e.g., ESM-D) at the start 
of the activity may provide additional incentive for students to complete the assigned 
reading. The instructor should review, edit as desired, and print enough copies of the 
fi gures and tables (ESM-B) and the worksheet (ESM-E) to distribute to each student 
at the beginning of the activity. Alternatively these could be made available through 
an online course management platform for students to access and complete elec-
tronically. The instructor should be prepared to divide students into groups of three 
to fi ve depending on the size of the class. 

 If instructors have less time for the activity, Table 2 and Fig. 4 (in ESM-B) can 
be removed. If this modifi cation is made, it is important for instructors to help stu-
dents recognize that a majority of the non-methane VOCs emitted are from natural 
sources, mostly isoprene from trees. This information can be gleaned from Table 1. 
The fact that isoprene emission is species specifi c (Table 2) is interesting but not a 
necessary detail to understand the basic concept. Similarly, the change in isoprene 
emission in the Eastern USA (Fig. 4) is not absolutely necessary for working with 
the other data.  
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    Activities 

 Instructors can begin the activity with the famous Reagan quote stated in the intro-
duction (or “Trees cause more  pollution   than automobiles do” which has also been 
attributed to Reagan). Initiate a short discussion (e.g., 5–10 min) by asking students 
whether or not there is any truth to these statements. In the author’s experience, 
most students respond with a resounding “no,” which is not surprising considering 
that many introductory textbooks do not mention the emission of VOCs by plants. 
To follow up, ask students how plants infl uence the composition of the atmosphere 
(e.g., by reducing CO 2  and increasing O 2  levels). It may also be helpful to ask stu-
dents if plants have any distinctive odors or fragrances because these scents are also 
caused by VOCs. The key concept to illuminate is that plants exchange gasses with 
the atmosphere. After this discussion (and other introductions or a quiz as desired), 
the instructor then asks students to form groups for the activity. 

 To facilitate the activity—and depending on the level and background of the 
students—instructors might fi nd it helpful to start by explaining the pattern in the 
fi rst fi gure to the entire class, pointing out things like the axis titles, units, and scale. 
Students should then spend 5–10 min considering the information in each fi gure/
table (ESM-B) and answering the worksheet questions (ESM-E). The fi gures and 
tables are sequenced so that students (1) document the existence of ground-level 
 ozone    pollution  , (2) identify temporal and spatial patterns in the emission of ozone 
precursor chemicals, (3) identify tree species with high isoprene emission potential, 
(4) identify changes in plant cover that contribute to isoprene emission, and (5) 
synthesize multiple types of data to explain ground-level ozone pollution events. On 
the worksheet, the fi rst question for each fi gure or table asks students to explain the 
pattern or relationship. Subsequent ones ask them to suggest mechanisms for the 
pattern and consider the environmental consequences. For all questions, each stu-
dent group should write a brief response on the worksheet that can be submitted to 
the instructor as desired. 

 As students complete the worksheet, the instructor should walk around the room 
to gauge progress, answer questions, and help students if they are having diffi culty. 
Instructors may choose to implement “checkpoints,” where students stop their small 
group discussions and the instructor concisely describes the patterns that students 
should have identifi ed from the data. In particular, a checkpoint after Table 1 can be 
used to reinforce the fact that ground-level  ozone   and its precursors have increased 
over time and there are both natural and anthropogenic sources. For Fig. 4, a key 
discussion point to share is that some trees emit signifi cant quantities of isoprene (a 
 VOC  ), which are broadly distributed in the USA and have increased in recent years. 
In the author’s experiences, students are usually able to glean basic information 
from the data about levels of pollutants in the atmosphere and emissions from natu-
ral and anthropogenic sources. However, students tend to have more diffi culty syn-
thesizing the information to predict where ground-level ozone  pollution   should 
occur and understanding that pollution control must take into account both natural 
and anthropogenic sources. To help students understand these concepts and bring 
the activity to a close, it is helpful to discuss answers to the concluding question in 
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ESM-E with the entire class: Considering what you now know about isoprene emit-
ted from trees, how do you interpret the statements made by Ronald Reagan in the 
early 1980s? Potential answers to this and the other questions and additional com-
mentary that can be conveyed to students are located in ESM-C.  

    Follow-Up Engagement 

•     These prompts could be used for extended discussion or assessment questions 
(potential responses and additional commentary are located in ESM-F):

 –    Summarize the role of anthropogenic and biogenic emissions in the formation 
of tropospheric  ozone  .  

 –   In  urban   regions,  ozone   production tends to be limited by the availability of 
VOCs, while in rural regions, it is limited by the availability of NO x . Why do 
you think this is the case?  

 –   Suppose you were responsible for coordinating a large-scale tree-planting 
program in an  urban   region such as New York City. What species would you 
select to plant and why?     

•   Have students explore the impact of the nonnative invasive chestnut blight on 
forest composition in North America, how this may have infl uenced isoprene 
emission from these forests, and ultimately its effects on ground-level  ozone   
(Lerdau et al.  1997 ).  

•   A similar exercise would be for students to explore how different forest manage-
ment practices infl uence isoprene emission and ground-level  ozone   production. For 
example, planting high isoprene-emitting tree species for biofuel production has the 
potential to infl uence ground-level ozone production (Ashworth et al.  2013 ).  

•   Encourage students to visit the AirNow (  http://airnow.gov/    ) website maintained 
by the US  EPA   to see the air quality index (AQI) for their home region.     

    Connections 

•     Ozone is one of the more misunderstood components of our atmosphere because 
it has positive effects in the stratosphere by screening out harmful UV radiation 
but several negative environmental effects at the ground level (troposphere). This 
activity helps to reinforce basic concepts related to atmospheric composition and 
structure and illuminates how human activity interacts with natural processes to 
change that composition, infl uencing global climate and human health.  

•   Controlling ground-level  ozone    pollution   is a relatively complex task that requires 
an understanding of both natural and anthropogenic emissions and consideration 
of politics,  economics  , technology, and other social variables. Thus, this activity 
can be referred to when discussing many topics in an interdisciplinary class that 
explores relationships among  science  , the environment, and society.         
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    Chapter 34   
 Evaluating the Effectiveness of Green Roofs: 
A Case Study for Literature Research 
and Critical Thinking                     

       Erika     Crispo        

       Introduction 

 Green roofs are installed on buildings to ameliorate  urban   environmental problems 
including the heat island effect,  water    runoff  , air  pollution  , and  biodiversity   loss 
(Oberndorfer et al.  2007 ; Rosenberg  2012 ). While the popularity of  green roofs   has 
increased in recent years, questions have been raised about their effi cacy for address-
ing these issues. For example, Kraft ( 2013 ) argued (in  Scientifi c American ) that 
green roofs are ineffective as currently designed; this contrasts with a more positive 
opinion published less than a year earlier in  The New York Times  (Rosenberg  2012 ). 
This contrast begs the questions: Why is there a discrepancy in viewpoints? Which 
article should we believe? Insights into contentious issues, such as the effi cacy of 
green roofs, can be gained through exercises that evaluate evidence from published 
research (also see Chaps.   9     and   15    , this volume). 

 The goal of the activity described below is to help students develop  science   lit-
eracy skills by comparing claims made in the popular  media   with information from 
primary research articles. To evaluate the popular articles cited above, students 
search the primary scientifi c literature for evidence to support or refute the articles’ 
different views about the environmental costs and benefi ts of  green roofs  . This exer-
cise provides an opportunity for students to improve their analytic and critical think-
ing skills. In addition, analyzing green roofs integrates diverse environmental 
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concepts in context of a single management solution, fostering skills for synthesiz-
ing information. This case study framework also allows students to evaluate rela-
tionships between environmental problems and proposed solutions.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Identify  urban   environmental problems and their causes.  
•   Search for and analyze scientifi c  journal   articles and evaluate the quality of 

research.  
•   Critically evaluate claims made in popular  media   articles using information 

obtained from the primary literature.  
•   Discuss the pros and cons of a potential environmental management solution.  
•    Optional advanced outcome : Design experiments to test hypotheses.     

    Course Context 

•     Developed for an upper-year environmental  science   course for science majors, 
with 8–20 students  

•   3 h in one class meeting  
•   Before class, students read two news articles and answer homework questions  
•   Suitable for any environmental  science   or studies course; for shorter class ses-

sions, the literature search activity can be performed as homework prior to the 
class meeting (see Box  34.1 )     

   Box 34.1 

 If students do not have access to wireless internet or laptops/tablets during 
class time, the activity can be modifi ed. Instead of assigning the news articles 
(Rosenberg  2012 ; Kraft  2013 ) and questions (ESM-B) as homework, they can 
be assigned in class with students answering the questions in small groups. 
The instructor walks around the room during the activity to ensure that stu-
dents stay on track and to answer any questions the students may have. After 
an in-class discussion, the students are assigned the literature search for 
homework. (For out-of-class work, it may be best to assign work to be done 
individually rather than in groups, to avoid the problem of one student per-
forming most of the work.) Assign each student one of the four problems that 

(continued)
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    Instructor Preparation and Materials 

 Begin by reading the two news articles that students are assigned for homework 
(Rosenberg  2012 ; Kraft  2013 ). Instructors should search for and read the literature 
to see which articles students might retrieve and to gain background information 
about  green roofs  . Background reading should also include studies referred to in the 
two news articles (Oberndorfer et al.  2007 ; Gaffi n et al.  2010 ,  2011 ; MacIvor and 
Lundholm  2011 ; McGuire et al.  2013 ). Additional articles are listed in Electronic 
Supplementary Materials (ESM)-A. Key points to consider are the effectiveness of 
green roofs for reducing the heat differential between the inside of buildings and the 
outside ambient temperature, how much  water   green roofs can absorb, whether 
green roofs can harbor native  biodiversity  , and how well green roofs remove pollut-
ants from the air. 

 Before the class session, students read the two news articles (Rosenberg  2012 ; 
Kraft  2013 ) and answer the questions provided in ESM-B, with modifi cations, addi-
tional instructions, and context provided at the instructor’s discretion. The questions 
are designed to ensure comprehension of the readings and to guide the students on 
what to focus on. 

 For the in-class activity, students should be told to bring their laptops or elec-
tronic tablets. Wireless internet will be needed in the classroom for the literature 
search; if it is not available, an alternative approach is outlined in Box  34.1 , or 
instructors can distribute hard copies of relevant articles to the students.  

    Activities 

 Begin with a discussion of the homework questions (ESM-B) so students under-
stand the content of the articles, the controversy surrounding  green roofs  , and the 
goal of the in-class activity. Convey to students that the  purpose   of the exercise is to 
acquire skills in attaining information to draw scientifi cally informed decisions on 

 green roofs   are intended to alleviate (see main text), with the number of stu-
dents assigned each problem allocated equally. Students are asked to select 
two relevant primary research articles on their topic, summarize the key fi nd-
ings, analyze the quality of the research study (e.g., did they use an adequate 
representation of control and experimental groups?), and evaluate the effec-
tiveness of green roofs based on their fi ndings. Students could be asked to 
write a report about their fi ndings, or present results in the next class meeting, 
with detailed instructions developed by the instructor. 

Box 34.1. (continued)
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contentious issues. During class time, students form small groups of two to four 
students, with each group assigned one of four topics (as identifi ed by the readings: 
the heat island effect,  water    runoff  , air  pollution  , and  biodiversity   loss). If multiple 
groups are assigned the same topic, effort should be made to assign each topic to an 
equal number of groups. In groups, the students then perform an online literature 
search (e.g., using a library search engine or Google Scholar) to fi nd peer-reviewed 
articles on their assigned topic (30–60 min). If possible, students should download 
the entire articles to be able to glean detailed information from results sections 
(including fi gures and tables). In some cases, the full article might not be readily 
available, so students must rely on information summarized in the abstract. (To 
facilitate students’ more detailed evaluations, instructors could prepare hard copies 
of inaccessible full articles for students to consult after they locate abstracts.) As 
students conduct their searches, the instructor should walk around to make sure that 
students are on the right track and offer advice and encouragement. 

 Depending on the class size and amount of time available, the activity can pro-
ceed in one of two ways. For smaller classes and/or those with longer meeting 
times, student groups can present their fi ndings to the whole class (e.g., using slides 
or a dry-erase board, 5–10 min per group). For larger and/or shorter class sessions, 
groups can summarize their fi ndings in short, written reports after the class meeting 
(with instructions provided at the instructor’s discretion). An example of results that 
can be expected from this activity is included in Box  34.2 . 

  Box 34.2 

 As new research is published, general conclusions about the effectiveness of 
 green roofs   may change. In the fall of 2014, the author’s class found support 
for green roofs on the grounds that they act as heat insulators in the winter and 
“air conditioners” in the summer (e.g., Oberndorfer et al.  2007 ; Getter et al. 
 2011 ) and reduce rain water   runoff (e.g., Mentens et al.  2006 ; Oberndorfer 
et al.  2007 ). Research was still inconclusive as to whether green roofs are 
capable of hosting thriving biotic communities (e.g., Williams et al.  2014 ). 
Students were able to identify problems associated with certain studies, such 
as the lack of replication of treatments and controls among several roofs, 
which could be problematic if green roofs were shaded and control roofs 
received sun, for example. 

 The most diffi cult point for students to evaluate was the role of green roof 
plants in taking up carbon dioxide  pollution  . A common misconception held 
by students was that plants take up carbon from the  soil   instead of from the air. 
When asked to  design   an experiment to examine this, students initially pro-
posed using complex airtight greenhouses to test whether  green roofs   are 
sequestering carbon dioxide from the air. The instructor then clarifi ed that the 

(continued)
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 To conclude the class, lead a follow-up discussion to draw conclusions about the 
discrepancies between the two news articles. Possible questions to guide this dis-
cussion include:

•    Why do two articles, published only a year apart (Rosenberg  2012 ; Kraft  2013 ), 
come to such starkly contrasting conclusions?

 –    Did new research published within that year affect Kraft’s conclusion?  
 –   Was pivotal research missed by one of the authors?  
 –   Do the authors have inherent biases or different interpretations of the research?     

•   What do you conclude about the effectiveness of  green roofs   in ameliorating:

 –    The heat island effect in the summer and heat loss in the winter.  
 –   Rain water   runoff.  
 –   Air  pollution  .  
 –   Habitat/ biodiversity   loss.     

•   Would the function of  green roofs   be expected to vary among cities with different 
climates (e.g., tropical vs. temperate)?    

         Follow-Up Engagement 

•     Students could choose one of the four “ urban   environmental problems” and 
 design   experiments to test the  hypothesis   that  green roofs   can be used to allevi-
ate these problems. This could be done in groups in class or as a take-home 
assignment. Students should be asked to include (1) appropriate experimental 
and control groups, (2) an adequate level of replication, and (3) a clear explana-
tion of how the outcome of the experiment will lead them to support or refute 
their hypothesis.  

dry weight of plants is composed primarily of carbon and that  all  of this car-
bon comes from the air through the process of  photosynthesis  . Thus, whether 
plants on green roofs are sequestering carbon depends only on whether these 
plants are alive and growing. Of course, the carbon sequestration of the plants 
must offset the air pollution “footprint” associated with building the green 
roof structure for them to have a net positive effect on carbon sequestration. A 
recent study found that the air pollution costs and benefi ts of green roof mate-
rials can be balanced after 13–32 years of use but that other environmental 
costs associated with plastics in green roof materials are not counterbalanced 
(Bianchini and Hewage  2012 ). 

Box 34.2. (continued)
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•   A follow-up study could examine the costs of the materials to build a green roof 
and compare these costs to the expected benefi ts through savings from reduced 
heating and air conditioning.  

•   For activities related to  urban   sustainability, see Chaps.   17    ,   19    ,   20     and   30     of this 
volume.     

    Connections 

•     Green roofs relate to  energy   issues and carbon dioxide emissions because of how 
they can reduce energy use in buildings and sequester carbon. More broadly, these 
issues connect to discussions of climate change and management responses to it.  

•   Green roofs can be linked to topics on  urban   stormwater runoff (e.g., Chap.   20    , 
this volume),  eutrophication   (e.g., Chap.   13    , this volume), and  soil   erosion 
because of their roles in capturing rain  water  .  

•   The value of rooftop green spaces for  pollinators   (e.g., Tonietto et al.  2011 ) and 
native plants (e.g., MacIvor and Lundholm  2011 ) can be included in lessons on 
 biodiversity   and habitat  conservation  .         

   References 

   Bianchini F, Hewage K (2012) How “green” are the green roofs? Lifecycle analysis of green roof 
materials. Build Environ 48:57–65  

   Gaffi n SR, Rosenzweig C, Eichenbaum-Pikser J et al (2010) A temperature and seasonal energy 
analysis of green, white, and black roofs. Columbia University Center for Climate Systems 
Research.   http://www.coned.com/newsroom/pdf/Columbia%20study%20on%20Con%20
Edisons%20roofs.pdf    . Accessed 18 July 2015  

   Gaffi n SR, Rosenzweig C, Khanbilvardi R et al (2011) Stormwater retention for a modular green 
roof using energy balance data. Columbia University Center for Climate Systems Research. 
  http://www.coned.com/newsroom/pdf/Stormwater_Retention_Analysis.pdf    . Accessed 18 July 
2015  

    Getter KL, Rowe DB, Andresen JA, Wichman IS (2011) Seasonal heat fl ux properties of an exten-
sive green roof in a Midwestern U.S. climate. Energ Build 43:3548–3557  

       Kraft A (2013) Why Manhattan’s green roofs don’t work—and how to fi x them. Scientifi c 
American.   http://www.scientifi camerican.com/article/why-manhattans-green-roofs-dont- -
work-how-to-fi x-them/    . Accessed 18 July 2015  

     MacIvor JS, Lundholm J (2011) Performance evaluation of native plants suited to extensive green 
roof conditions in a maritime climate. Ecol Eng 37(3):407–417  

    McGuire KL, Payne SG, Palmer MI et al (2013) Digging the New York City skyline: soil fungal 
communities in green roofs and city parks. PLoS One 8, e58020  

    Mentens J, Raes D, Hermy M (2006) Green roofs as a tool for solving the rainwater runoff problem 
in the urbanized 21st century? Landscape Urban Plan 77:217–226  

       Oberndorfer E, Lundholm J, Bass B et al (2007) Green roofs as urban ecosystems: ecological 
structures, functions, and services. Bioscience 57:823–833  

E. Crispo

http://dx.doi.org/10.1007/978-3-319-28543-6_17
http://dx.doi.org/10.1007/978-3-319-28543-6_19
http://dx.doi.org/10.1007/978-3-319-28543-6_20
http://dx.doi.org/10.1007/978-3-319-28543-6_30
http://dx.doi.org/10.1007/978-3-319-28543-6_20
http://dx.doi.org/10.1007/978-3-319-28543-6_13
http://www.coned.com/newsroom/pdf/Columbia study on Con Edisons roofs.pdf
http://www.coned.com/newsroom/pdf/Columbia study on Con Edisons roofs.pdf
http://www.coned.com/newsroom/pdf/Stormwater_Retention_Analysis.pdf
http://www.scientificamerican.com/article/why-manhattans-green-roofs-dont-work-how-to-fix-them/
http://www.scientificamerican.com/article/why-manhattans-green-roofs-dont-work-how-to-fix-them/


259

        Rosenberg T (2012) Green roofs in big cities bring relief from above. The New York Times.   http://
opinionator.blogs.nytimes.com/2012/05/23/in-urban-jungles-green-roofs-bring-relief-from- 
above/    . Accessed 18 July 2015  

    Tonietto R, Fant J, Ascher J et al (2011) A comparison of bee communities of Chicago green roofs, 
parks and prairies. Landscape Urban Plan 103:102–108  

    Williams NSG, Lundholm J, MacIvor JS (2014) Do green roofs help urban biodiversity conserva-
tion? J Appl Ecol 51:1643–1649    

34 Evaluating the Effectiveness of Green Roofs: A Case Study for Literature…

http://opinionator.blogs.nytimes.com/2012/05/23/in-urban-jungles-green-roofs-bring-relief-from-above/
http://opinionator.blogs.nytimes.com/2012/05/23/in-urban-jungles-green-roofs-bring-relief-from-above/
http://opinionator.blogs.nytimes.com/2012/05/23/in-urban-jungles-green-roofs-bring-relief-from-above/


261© Springer International Publishing Switzerland 2016 
L.B. Byrne (ed.), Learner-Centered Teaching Activities for Environmental 
and Sustainability Studies, DOI 10.1007/978-3-319-28543-6_35

    Chapter 35   
 The Story of Source Reliability: Practicing 
Research and Evaluation Skills Using “The 
Story of Stuff ” Video                     

       J.  J.     LaFantasie        

       Introduction 

 Reliance on simple Internet searches for quick access to information has increased 
dramatically in recent years. Because the Internet abounds with excellent sources, 
the general expectation that reliable information can be acquired easily has con-
founded development of research skills and the ability to determine source credibil-
ity (Metzger et al.  2003 ). This is a concern because, depending on the topic, much 
Internet-based information may come from agenda-driven groups and be of ques-
tionable authority (Stapleton  2005 ; Chap.   36    , this volume). In particular, the polar-
izing nature of many topics within environmental  science   and sustainability studies 
has yielded a plethora of inaccurate, biased, and even falsifi ed, web sources that 
may attract individuals who tend to utilize the most accessible source or the sources 
that agree most with their prior beliefs and biases (Metzger et al.  2010 ; White  2013 ). 
This may result in the use and propagation of misleading or inaccurate information. 
Tension between balanced and skewed representations of information has compli-
cated research for students and the general public (Mandalios  2013 ; Stapleton 
 2005 ). Although students of the “Google generation” are assumed to be fl uent in the 
digital world, their diffi culty with determining  bias   and how to evaluate websites as 
sources of information are growing concerns for educators (McClure and Clink 
 2009 ; Metzger et al.  2003 ). 
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 “The  Story of Stuff  ” (Leonard  2007 ), a popular web-based video focusing on 
relationships among  economics  , overconsumption, and environmental destruc-
tion, provides an exemplary case study for students to practice assessing source 
 reliability   and differentiating between informative and persuasive sources. It has 
received millions of views and has been used in numerous P-16 classes. Leonard’s 
powerful message, delivery, and philosophy resonate with many and have has 
done much to raise awareness of the environmental impacts of waste and over-
consumption. However, the presence of inconsistencies,  bias  , scare tactics, and 
misrepresentations undermine its usefulness as a fully reliable source of informa-
tion. As such, this video serves as a focus for the activity described below which 
seeks to help students to develop their critical thinking skills and abilities to dis-
cern a source’s credibility. Such skills are needed to help ensure that they use 
informed approaches to learn about and engage with complex environmental and 
sustainability issues.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Determine the  reliability   of a potential source of information.  
•   Distinguish between persuasive and informative sources.  
•   Express the importance of using credible sources to inform one’s opinions.     

    Course Context 

•     Developed for a general education biological  science   course in environmental 
studies with 20–40 students  

•   Two 50 min class meetings  
•   Students conduct research to present in class, but no additional background is 

needed  
•   Adaptable to any class size and level that requires student critical thinking in 

research; it can be shortened to one class with an optional follow-up homework 
assignment     

    Instructor Preparation and Materials 

 The instructor should be familiar with the “ Story of Stuff  ” video (Leonard  2007 ) 
and may fi nd it useful to read or view critiques of the video (Doren  2009 ; Kaufman 
 2009 ) and critiques of critiques (Mark  2009 ). Additional references and suggestions 
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are provided in Electronic Supplementary Materials (ESM)-A. The instructor 
should also be familiar with, and provide to students, guidelines for how to critically 
evaluate the credibility and  reliability   of web-based sources (see Table  1 , Mandalios 
( 2013 ) and ESM-A for background and guidance). Although credibility and reli-
ability can be distinguished, both are measures of “trustworthiness” addressed by 
the criteria presented in Table  1  and are used interchangeably for purposes of this 
activity. It is helpful if students have hard or electronic copies of Table  1  or other 
steps for evaluation of sources (see ESM-A or ESM-D) prior to commencement of 
the activity. A presentation prepared by the author contains many of the sources 
discussed above and in section “ Activities ” and may be useful to the instructor and 
students (ESM-D). In the classroom, a platform for web video presentation will be 
necessary to implement this activity without modifi cations.

   This lesson is divided into two parts; for shorter adaptation,  part 2  could be elimi-
nated or used as an out-of-class writing assignment. In  part 1  (50 min), students 
watch, critique, and discuss the “ Story of Stuff  .” Alternatively, the video and evalu-
ation could be assigned as a pre-class activity to allow more time for in-class 
 discussion. ESM-D provides a work sheet that may facilitate  part 1  activities.  Part 2  
includes an outside-of-class research assignment in which students investigate the 
validity of a claim (factoid) presented in the video and prepare for an in-class 
presentation in which they share their fi ndings (requiring another class period; see 
ESM-D). For this research, the instructor may wish to assign factoids to be 
researched to avoid duplication among groups; examples are provided in ESM-B.  

     Activities 

       Part 1: Critique of  Story of Stuff   

 At the beginning of class, the instructor could provide introductory talking points and 
questions that cause students to refl ect on the importance of obtaining reliable infor-
mation prior to decision making. A presentation prepared by the author (ESM- D) 
may be useful. For example, the dihydrogen monoxide example is compelling and 
speaks to the desire for avoidance of embarrassment associated with professing 

      Table 1    Steps for critically evaluating information using the RADAR approach (modifi ed from 
Mandalios  2013 )   

 Relevance  Is the information relevant to your research? 
 Authority  Who is the author, and do they have the credentials necessary 

to provide information on the topic? 
 Date  How recently was the information posted? 
 Appearance  Does the information appear to be professionally produced? 
 Reason for writing  Did the author produce the piece to provide information, to advocate 

for an idea or product, or other  purpose?   
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uninformed opinion (see ESM-B). In addition, students could be asked to refl ect on 
a situation where uninformed or poorly informed decisions have negatively infl u-
enced their lives. 

 Following the introduction, the instructor should assign or have students 
assemble themselves into groups of two or three and provide each group with a 
list of steps for determining the  reliability   of web-based sources (Table  1 , ESM-A, 
ESM- D). Groups should briefl y examine the criteria (3–5 min) and then, as a 
class, review the steps to ensure understanding of what they are expected to assess 
(e.g., discuss the meanings of key terms in the table). This would also be a good 
time to briefl y explain that determining the credibility of a source is important 
regardless of whether individuals agree with the premise or not, as this distinction 
can be diffi cult for some students. Additional details to guide this discussion are 
provided in Mandalios ( 2013 ) and ESM-A. 

 The instructor should then ask groups to divide the responsibilities for evaluating 
the video (using the RADAR components) among group members so as to not over-
whelm them. By focusing on one, two, or three criteria/steps, each student should be 
able to critically evaluate the video while also understanding the content. If the instruc-
tor plans to implement  part 2  (see below), students should also be instructed to make 
note of any “factual” claims that seem outrageous or biased and that they will be asked 
to further investigate and report on their fi ndings in a follow-up assignment. The 
instructor should then play the “ Story of Stuff  ” video (Leonard  2007 ) for the class 
(22 min), during which each student should take notes in general and about their 
RADAR component. At the end of the video, allow the groups 5–10 min to share and 
prepare for class  dialogue   by developing a list of at least two strengths and two weak-
nesses of the “Story of Stuff” based on the RADAR criteria. Then have each group 
provide one strength and one weakness of the video (as a reliable source of informa-
tion) and record these in a public location (whiteboard, chalkboard, overhead projector) 
for a collective class critique (10–15 min). The collaborative nature of this portion of 
the activity typically results in a rigorous student-driven list of reasons that the “Story 
of Stuff” video is valuable as an advocacy video but is not a fully reliable source of 
information (see ESM-B for examples of critique comments). If the instructor chooses 
to proceed with  part 2  of the activity, each group should be asked to choose one 
“factoid” or claim to research and then be given the homework research assignment 
and expectations for  part 2 . If time permits, concluding discussion could be facilitated 
using the prompts suggested in the follow-up section (if not to be used to end  part 2 ).  

           Part 2: Determining Validity of a Claim and Research Source 
Reliability 

 To reinforce the use of RADAR, it is suggested that the instructor require students 
to list both reliable and unreliable web-based sources to show the class how they 
determined the credibility (or lack thereof) of each. Depending on the academic 
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level of the students, the instructor may require students to include peer-reviewed 
sources in the research; however, the main objective of the assignment is to encour-
age students to critically evaluate sources that appear in a normal Internet search, 
some of which may be scholarly. Presentation of student fi ndings should highlight 
the subject of investigation (the “factoid” or “claim”) conclusions based on their 
research and a summary of their reliable and unreliable sources (see ESM-B for 
suggestions). Details should be based on instructor preference, assessment needs, 
and available time. If desired, extended collaborative engagement could be facili-
tated using the discussion questions listed in the next section or others relating to 
objectives of the course in general.   

    Follow-Up Engagement 

•     Suggested discussion questions include:

 –    What is the best way to fi nd information about a topic of interest?  
 –   Why is the date of development of the source important? Are there situations 

under which it might be more important than others?  
 –   What are potential motivations of resource developers, and what indicators 

might one use to help determine motivations?  
 –   Do you think that the general public, in general, analyze the sources they use 

for information?  
 –   For what reason(s) would it be important to use the most credible sources to 

develop opinions? Are there risks associated with trusting biased sources or 
sources that may not be dependable? What would those be?     

•   Students can be provided with another opportunity to investigate the web for 
unreliable sources. For instance, the tendency to assume that “.org” websites are 
reliable sources of information can be combated with an assignment that requires 
students to locate and document several reliable and unreliable “.org” (or .com, 
etc.) sources on a sustainability or environmental topic. A suggested work sheet 
and examples are provided in ESM-B.  

•   Students’ skills in evaluating the  reliability   of sources may be assessed by providing 
several sources and having students evaluate their reliability or by having students 
fi nd examples of reliable and unreliable sources on a given topic. Examples are 
provided in ESM-B. (Also see Chap.   36    , this volume, for an alternative approach.)     

    Connections 

•     This lesson can enrich discussions regarding decisions in environmental policy 
development, politicization of sustainability development issues, and public response.  
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•   Any activity involving research or  debate   can be used as an opportunity to rein-
force the critical evaluation skills developed in this activity. These skills will 
promote the use of higher levels of thinking to investigate and discuss controver-
sial issues including (but not limited to) climate change,  energy   sources and use 
(Chap.   26    , this volume),  biodiversity   (Chap.   18    ), sustainable development, triple 
bottom line considerations (Chaps.   23     and   24    ),  consumerism   (Chap.   22    ), envi-
ronmental toxins (Chaps.   31    –  33    ), and many others.         
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    Chapter 36   
 Critically Evaluating Non-Scholarly Sources 
Through Team-Based Learning                     

       Nathan     Ruhl        

       Introduction 

 Non-scholarly sources of information (e.g., non-peer-reviewed popular press and mass 
 media   articles) have been shown to shape individual opinions about global climate 
change (GCC) and subsequently isolate individuals from dissenting viewpoints via a 
“reinforcing spiral” (Feldman et al.  2014 ; Chap.   39    , this volume). The diversity of non-
scholarly material surrounding the public GCC  debate   provides an opportunity to criti-
cally evaluate these sources and demonstrate the dangers of citing non-scholarly 
sources. There is strong evidence that students’ citation behavior can be redirected 
toward scholarly sources via the implementation of penalties (Davis  2003 ; Robinson 
and Schlegl  2004 ,  2005 ), but this approach does not teach students why they need to 
use scholarly sources. Alternative teaching strategies (peer teaching, cooperative learn-
ing groups, games, etc.) may increase the use of scholarly sources and result in 
increased awareness of the importance of citing them. For instance, in a recent exam-
ple, Markey et al. ( 2012 ) showed that the use of a game can increase the quality of 
student citations. Through the use of a modifi ed team-based learning (TBL) activity 
(Box  36.1 ), the goal of the exercise presented here is to use non-scholarly reports about 
GCC as a tool for students to discover that non-scholarly sources must be critically 
evaluated, especially when the topic may be controversial to the public (also see Chap. 
  35    , this volume). In this activity students will be assigned readings as homework, 
answer questions about the readings individually and with a small team, and then work 
with their teams to understand broader issues raised by the readings.  
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    Learning Outcomes 

 After completing this activity, students should be able to:

•    Know that non-scholarly sources need to be critically evaluated because they 
may not be reliable.  

•   Recognize that all sources of information are potentially biased.  
•   Discuss, in a general sense, how and why GCC  science   can be misreported and/

or misconstrued by non-scholarly sources.     

    Course Context 

•     Originally designed for an upper-level undergraduate biology course on global 
climate change  

•   90 min in one class period but easily adaptable to shorter meetings  
•   Used with three to ten teams of three to ten students each (for a range of 9–100 

total students)  
•   Students complete readings at home but no other student background is necessary  
•   All components are non-technical; high school and undergraduate students of 

any major should be able to engage with the activity     

    Instructor Preparation and Materials 

 Before the activity, the instructor should become familiar with the current state of 
global climate change research. An excellent summary is provided by the “What 
We Know” website hosted by the American Association for the Advancement of 
Science (AAAS  2014 ). The instructor should then review the set of seven readings 
that will be assigned to students (mass  media   articles; ESM-A). The readings have 
been chosen to reinforce that critical reading of non-scholarly sources is essential 
and all sources of information are not equal in terms of their  reliability   and  bias  . To 
maintain “timeliness,” the instructor may want to update/alter the readings/ques-
tions as the state of GCC research and the public  debate   about it progresses. When 
making updates, ensure that the readings/questions support the discussion points 
listed at the end of the section “ Activities .” Also review the six iRAT/gRAT ques-
tions and fi ve application questions (defi ned in Box  36.1 ), editing them as needed 
to meet the course context and needs (ESM-B). Answers and related discussion 
points for these questions are given in ESM-C. The iRAT/gRAT questions are not 
directly related to the goals and learning outcomes of the activity per se; they are 
designed to ensure that students have carefully read the assigned material. 

 The activity requires that the students be placed into at least three teams of at 
least three students each and that the teams be as diverse as possible in terms of 
demographics and student backgrounds (based on recommended practices for 

N. Ruhl



269

TBL; see Box  36.1 ). The instructor will need to print a suffi cient number of the 
iRAT/gRAT questions (one set for each student and at least one set per team). The 
application questions could be printed out (one set per group), provided electroni-
cally, or displayed with a projector, but it is recommended that each question be 
provided one at a time given the structure of how they are to be discussed. 

 The activity, as outlined below, should take 75–90 min. It could be shortened by 
eliminating one or both of the iRAT/gRAT components (which each take about 
15 min) and/or the instructor could simply lead a short class discussion of the 

    Box 36.1. Team-Based Learning (TBL) 

 Team-based learning (TBL) is a fl exible form of cooperative/group learning 
where students are assigned to a team (group) and then work with that team to 
solve complex problems or answer complex questions (Michaelsen et al. 
 1982 ). The teams need to be large and diverse enough (in terms of gender, 
age, background, race, etc.) that multiple points of view will be represented. 
The groups are referred to as teams because there can be an element of shared 
grades and because TBL activities can be chained together throughout a 
course with the teams maintained. An element of  competition   is naturally 
introduced by the formation of teams such that teams may try to “win” the 
day’s activity by answering the most questions correctly. This behavior is 
desirable because it reinforces learning outcomes; the “winning” team is the 
one that has done the best collective job of learning the assigned material. 
However, the instructor should be careful about acknowledging “winners” so 
as not to demotivate those that did not “win.” A typical TBL class activity 
involves an individual readiness assessment test (iRAT), group readiness 
assessment test (gRAT), and a series of application questions (all of which can 
be graded). The goal of the iRAT is to ensure that individual students read and 
understand the assigned material. The goal of the gRAT is for the members of 
the team to come together with their answers from the iRAT, discuss why they 
answered the way they did, and (hopefully) come to the correct answer while 
at the same time reinforcing the usefulness of their teammates in determining 
the correct answer. Because the same questions are used for the iRAT and 
gRAT, the questions are intentionally diffi cult. The application questions are 
where the “real” learning is intended to occur. Students should work through 
the application questions one at a time. Once all teams have fi nished a ques-
tion, the instructor then leads a short discussion with the whole class about 
which answer is the correct one and why. A good way to do this is to allow the 
students to explain why they answered the way they did before revealing the 
correct answer and explaining why it is correct. More information about 
group learning techniques can be found in Davidson et al. ( 2014 ). More infor-
mation about TBL (including best practices for writing TBL questions) can be 
found in Michaelsen et al. ( 2002 ) and at   http://www.teambasedlearning.org    . 
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application questions without breaking the class into teams. Alternatively, the activ-
ity could be lengthened to any desired time through the addition of iRAT/gRAT or 
application questions or extending discussion. 

        Activities 

 Students should have completed the reading assignments as homework. In class, 
students are given 10–15 min to individually answer the iRAT, their answers are 
collected, and they are placed into predetermined teams to collaboratively com-
plete the gRAT (15–20 min). The remaining time is used for working through the 
application questions in teams and integrated whole-class discussion. It is impor-
tant that the application questions be worked through one at a time. Each team 
discusses a question, comes to a consensus on the correct answer, and then waits 
for the other teams to do the same. While this may leave teams with some “down-
time” as they wait, in practice it often leaves time for the team to rethink their 
answer as they overhear the discussion other teams are having around them, and 
discussion may be rekindled (though “espionage” should not be encouraged). If a 
team comes to a conclusion too quickly, the instructor could challenge the team’s 
conclusion (e.g., play devil’s advocate) or ask follow-up questions. 

 After all teams have fi nalized their answer for a question, the instructor asks each 
team to reveal their answer to the rest of the class. If there are a large number of 
teams, the instructor may want to tally the answers on a board to visualize the level 
of agreement between teams. If there is disagreement among teams, each should be 
asked to defend its answer and why they think that answer is correct before the 
instructor reveals the correct answer and leads a relevant discussion (talking points to 
guide this discussion are provided in ESM-C and summarized below). The class then 
moves on to the other questions in turn. The discussion of each application question 
(1–5) should highlight at a minimum: (1) how special interest groups, lobbyists, and 
politicians spin the facts about GCC toward whatever conclusion is most convenient 
or profi table for them; (2) that the best method to combat  bias   or confl icts of interest 
is to acknowledge those issues, not  art  ifi cially “balance” bias by introducing oppos-
ing viewpoints; (3) motivations for misrepresentation of content; (4) mistakes vs. 
misrepresentation; and (5) the authority and  reliability   of different types of informa-
tion relative to the peer-reviewed primary literature (see ESM-C for more detail).  

    Follow-Up Engagement 

•     Ask students to read a peer-reviewed paper and then read a non-scholarly sum-
mary of that paper. Compare/contrast how the authors of both works present the 
topic (see examples in Chaps.   14     and   15    , this volume).  
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•   Assign a climate change myth that is perpetuated by non-scholarly sources and 
either write a paragraph about why it is a myth or give a short presentation to the 
class. An extensive list of climate change myths (and scientifi c explanations for 
why they are myths) is provided by Cook ( 2015 ).  

•   Provide students with a list of online readings and ask them to rank them on 
scales of authoritative and non-authoritative, biased and non-biased, or 
scholarly and non-scholarly. Discuss how authority,  bias  , and scholarship are 
interlinked and the infl uence of these factors on the necessity for critical 
reading.     

    Connections 

•     Discuss the  reliability of the non-scholarly literature  for providing information 
about other controversial topics (e.g.,  biodiversity    conservation  ,  genetically 
modifi ed organisms  ).  

•   Recall this lesson when referencing online material and news in discussions of 
other topics.        

  Acknowledgments   Thanks go to my climate change students at Rowan University for helping 
develop this activity and to R. Hoffman, O. Lopez and K. Behling for introducing me to TBL.  
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    Chapter 37   
 Using the Insight, Question, and Challenge 
(IQC) Framework to Improve Students’ 
Environmental Communication Skills                     

       Seaton     Tarrant        

       Introduction 

 Environmental issues are complex because indeterminacy is part of the emergent 
character of many social and ecological systems. Decisions regarding environmen-
tal sustainability are increasingly negotiated through participatory, democratic 
deliberations, where scientifi c facts are considered alongside a plurality of norma-
tive opinions regarding acceptable  trade-offs   and quality-of-life standards (Lee 
 1994 ; Williams and Matheny  1998 ; Prugh et al.  1999 ). Thus, decision-making at the 
policy- science  -sustainability interface requires that scientists, policy makers, and 
citizens keep an open mind regarding others’ viewpoints while also effectively, 
critically, collaboratively, and civilly evaluating and discussing scientifi c evidence 
and personal positions. 

 The skills needed to achieve democratic and sustainable solutions can be culti-
vated in the sustainability classroom through activities that allow students to prac-
tice and improve effective  communication   through a structured  dialogue   (Vella 
 2002 ; Tillbury  2011 ; Wiek et al.  2011 ; Wals  2012 ). Such activities foster increased 
social interactions, which can improve cognitive elaboration abilities (Frijters et al. 
 2008 ). It also gives students the opportunity to guide the overall fl ow of the class 
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discussion based on what they have found most insightful and intriguing within 
readings. 

 The goal of the learning activity described below is to help students critically and 
constructively read, refl ect on, and discuss complex environmental and sustainabil-
ity issues through practice. This is facilitated through the use of the insight, ques-
tion, and challenge (IQC) framework, which helps students through an iterative 
process of careful reading, note-taking, and peer-to-peer interaction. For each read-
ing, they will record their insights, questions, and challenges and use these to guide 
a  dialogue   with a classmate who will practice listening and taking notes. The activ-
ity can be used to explore a range of environmental and sustainability topics using 
news articles to engage with current events and peer-reviewed literature to expose 
students to research. Further, as described in the “ Follow-Up Engagement ” section, 
the IQC activity can be modifi ed in several ways, allowing for multiple implementa-
tions in one course, thus providing iterative opportunities for students to practice 
and improve their skills.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Critically challenge a given reading for its quality of information, regarding both 
facts and  values  .  

•   Refl ect on environmental and sustainability issues to generate and communicate 
personal insights.  

•   Listen carefully and critically to, and record pertinent information about, a peer’s 
ideas on a shared reading.  

•   Synthesize their own and a peer’s perspectives about a reading.     

    Course Context 

•     Developed for an introductory-level class on sustainability and used in an 
intermediate- level course on politics and sustainability and an advanced environ-
mental  ethics   and politics course  

•   Has been implemented with students of all class levels, from environmental  sci-
ence   majors to  business   majors, and with as few as 6 and as many as 50 
students  

•   20–45 min in one class meeting  
•   Before class, one or two readings should be read by the students  
•   Adaptable to any course and class size that includes contested environmental and 

sustainability issues     
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    Instructor Preparation and Materials 

 To complete this activity with students, the instructor should choose one or two 
readings that fi t the context of the course. They can be short readings about current 
events, such as a newspaper or magazine article or peer-reviewed articles. 
Importantly, each reading should include empirical facts about the issue under dis-
cussion. It is helpful if the value position of the author is also explicit, though, if 
implicit, this can be derived as part of the reading exercise. Readings do not need to 
be “perfect” in their presentation of facts or stated normative  bias  ; uncovering these 
shortcomings is part of the experience of critically engaging with the text. A list of 
articles that have been used for the activity is included in Electronic Supplementary 
Materials (ESM)-A. Readings should be assigned to and completed by the students 
prior to the activity. 

 The IQC worksheets (ESM-B) include both a reading and a listening worksheet. 
Explanations for each aspect of the IQC can be found in the section “ Activities ” 
below. Instructors should review the worksheets, adjust them if necessary to fi t their 
class context, and print one reading and one listening worksheet for each student 
(both will fi t on a single double-sided sheet of paper). In order to introduce students 
to the worksheet, instructors may wish to prepare a completed IQC worksheet exam-
ple for one of the chosen readings or from an unassigned reading, depending upon 
whether the instructor would like the students to complete IQC’s for one or two 
readings during the fi rst iteration. Instructors can also choose to use the completed 
IQC that is included in ESM-A. During this preparation time, the instructor might 
also consider looking through the supplementary materials provided in  ESM- C, 
which connect the activity with broader inquiries in sustainable resource manage-
ment and environmental deliberation. 

 As desired, prepare a bowl or hat (a silly one, like a clown’s, can create a more 
fun atmosphere) that contains the name of each student on a small slip of paper that 
can be used to identify students who will share their responses with the whole class. 
Also, before the day of the activity, decide whether students will fi ll out their fi rst 
IQC on their own or in small groups; in the author’s experience, sometimes, stu-
dents fi nd initial success fi lling out the IQC in groups of two to four.  

     Activities 

 Distribute the IQC reading and listening worksheets and review their components 
(5 min). Explain to the students that “insights” involve creative thinking that con-
nects the readings to their own lives, generating relevance and meaning. When 
reviewing the “questions” section, stress that students can use this section to expand 
the conversation beyond the obvious points or to address parts of the article that are 
unclear. For the “challenges” section, explain that thinking critically doesn’t 
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necessarily mean rejecting the points in a reading; stress that critical reading is an 
important part of clarifying facts and understanding arguments, and suggest that 
there is always room for improving or advancing a line of inquiry. 

 Next, if one has been prepared, present the completed IQC that introduces stu-
dents to the worksheet. Project the completed form on a large screen or read it aloud 
to the class. The instructor can help identify the debatable points from the reading 
and stress that such  complexity   is characteristic of most environmental situations 
and that  communication   and analytical skills are a key part of developing sustain-
able solutions. The instructor should stress that the exercise is practice to this end. 

 After this introduction, have students individually complete the IQC in class for 
another reading (15–20 min). The instructor should walk around the room, fi elding 
any questions about the exercise, and motivating students to surprise themselves 
with unique interpretations and strong critical thinking. Once students have com-
pleted the IQC, ask them to pair up and share their responses with a partner. At this 
point, each student will fi ll out the IQC listening worksheet while listening to a 
partner’s presentation of his or her ideas. Explain that they each have 5 min to share 
and that they should try to take notes on their partner’s ideas quickly and effi ciently. 
Emphasize that this is practice in speaking and listening, so students shouldn’t sim-
ply pass each other’s IQC forms to each other and copy their partner’s answers. 

 Alternatively, the instructor may choose to initially present students with only 
the IQC reading worksheet. If this strategy is taken, the instructor does not pass 
out the listening worksheet until after the students have shared their reading work-
sheet responses with a peer. Thus, the students complete their listening worksheet, 
as described in the previous paragraph, from memory. This approach has proven 
successful at bringing students’ attention to the fact that their listening skills have 
room for improvement, garnering more student interest in and  refl ection   on the 
activity. 

 After students have fi nished the listening worksheet, engage the whole class in 
open discussion, giving students an opportunity to refl ect on what they learned from 
their peers. (As desired, students’ names can be drawn from a hat to facilitate this.) 
Prompting students to consider the following can spark discussion:

•    Are multiple interpretations of the reading possible?  
•   How do we decide which interpretation is more “correct”?  
•   What does it mean to critically evaluate a reading and does the IQC form help 

this?  
•   Has your own perspective been challenged or reinforced by the exercise?     

     Follow-Up Engagement 

•     In future iterations, have the students fi ll out the IQC reading worksheet as part 
of their homework, and come to class prepared to complete the IQC listening 
worksheet with a partner. The activity can be used as a weekly or bi-weekly 
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exercise, with students keeping a notebook of their IQC’s. Student journals can 
be assigned in which they refl ect on and evaluate how their critical reading 
responses and listening skills are changing over time.  

•   The amount of student-student interaction can be increased by extending the 
activity for a longer period. This can be done with “speed sharing,” in which 
students move from peer to peer in short intervals (2 or 3 min), keeping notes and 
quickly collecting a larger variety of perspectives on an issue, which can subse-
quently be summarized and synthesized.  

•   Have students write their own  letter to the editor   or op-ed article (Chap.   40    , this 
volume) on an important environmental issue, and then have students fi ll out 
IQC’s on each other’s articles.  

•   Plan a class  debate   on a contentious issue, such as  GMO  ’s, fracking,  biodiversity   
 conservation   (Chap.   18    , this volume) or how best to mitigate climate change, and 
have students prepare for the debate using the IQC framework. (Also see Chaps. 
  29     and   39    , this volume, for examples of structured discussion approaches.)     

    Connections 

 The activity can be aligned with:

•    Advanced discussions regarding the potential for democratic solutions to address 
complex environmental problems as in mock town hall or UN debates.  

•   Introductions to adaptive and collaborative resource management in which the 
roles and perspectives of various stakeholders (e.g., scientists and citizens) need 
to be considered and negotiated to develop environmental policy (e.g., see Chap. 
  19    , this volume).  

•   An introduction to  media   literacy, in which students identify and negotiate media 
 bias   and green washing in popular media (e.g., see Chaps.   34    –  36    , this volume).         
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    Chapter 38   
 Building Students’ Communication Skills 
and Understanding of Environmental 
and Sustainability Issues Interactively 
and Cumulatively with Pecha Kucha 
Presentations                     

       Bonnie     McBain      and     Liam     Phelan        

       Introduction 

 This chapter describes the use of  Pecha Kucha   (Japanese for the sound of conversa-
tion or “chitchat”) as a presentation format to facilitate class discussions. Pecha 
Kucha is a highly constrained presentation format requiring exactly 20 simple, 
image-based slides with minimal or no text that are each presented for 20 s (for a 
total presentation length of 6 min and 40 s) (Pecha Kucha  2014 ). The twofold goal 
of using this approach as a learning activity is to build students’ (i) understanding 
of, and (ii)  communication   skills about, environmental and sustainability issues 
(Caron and Serrell  2009 ; Phelan et al.  2015 ; Rieckmann  2012 ). 

 Preparing for the presentation is pedagogically valuable because it helps students 
to (i) research an issue and (ii) use critical thinking to extract its essence. The pro-
cess of having to articulate knowledge very briefl y results in deeper understanding 
because it requires iterative refi nement of thought (Herrington and Herrington 
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 2006 ). Further, giving the presentation requires students to (iii) communicate effec-
tively through concise and dynamic presentations and subsequent class discussions, 
skills that are essential for graduates from environmental and sustainability studies 
programs (Phelan et al.  2015 ; Rieckmann  2012 ). Finally, (iv) presenter-generated 
questions serve as prompts for subsequent discussions to encourage critical thinking 
and collaborative learning by both the student facilitator and her peers. 

 The  Pecha Kucha   format is appropriate for multiple topics across environmental 
and sustainability studies and can be used for in-class, live presentations or adapted 
for online or hybrid courses (see Box  38.1 ). It is also suitable for contexts in which 
students research and present about topics they choose or that are assigned by the 
instructor. Pecha Kucha presentations by all students can be combined strategically 
to cover different aspects of an entire course, or parts of it, to support students’ 
cumulative, holistic learning, in a manner similar to  jigsaw   and other cooperative 
learning strategies (see SERC  2015 ). A further benefi t of this approach is that a lot 
can be learned by students in a short time due to the presentations’ short duration.  

    Learning Outcomes 

 After presenting and engaging in discussion with peers, students should be able to:

•    Research an environmental issue and use critical thinking to distil its salient, core 
elements.  

•   Communicate effectively about environmental issues through  Pecha Kucha   pre-
sentations and asking related open-ended questions.  

•   Develop a broader understanding of environmental issues through watching and 
discussing peers’ presentations.     

  Box 38.1. Using  Pecha Kucha   Presentations in Online and Hybrid 
Courses 

  Pecha Kucha   presentations can be pre-recorded asynchronously for online 
classes. In hybrid contexts, e.g., fl ipped classrooms, students can view pre-
recorded presentations outside of class time and use class time for discus-
sion. In fact, this activity was originally developed for use in online courses. 
More technical information on how to record Pecha Kucha presentations and 
then upload them to a course’s discussion board is available in ESM-B. In 
the online environment, the instructor may need to moderate online discus-
sions and provide additional feedback about appropriate etiquette specifi -
cally for online conversations (e.g., toning down language to manage the 
tone of conversations, paying particular attention to clarity, and being brief 
and to the point). 
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    Course Context 

•     Originally designed for Masters-level environmental courses in which students 
were allocated into tutorial groups of 10–20 and where the majority of weekly 
classes are given over to student presentations. The majority of class time each 
week was dedicated to student-facilitated discussion using presentations and dis-
cussion questions  

•   Each student presentation takes 6 min and 40 s  
•   Student preparation includes research, writing a well-planned presentation script, 

preparing images for the presentation, practicing delivery, or recording their pre-
sentation. Students also write open-ended questions which are subsequently used 
in presenter-facilitated tutorial discussions with peers following the 
presentation  

•   Adaptable to many class sizes, topical contexts, and use for online courses     

    Instructor Preparation and Materials 

 In the fi rst weeks of the semester, the instructor schedules student presentations in 
one of two ways: (1) allocating students to topics or (2) inviting students to choose 
presentation topics which fi t strategically with the course’s learning goals. Once 
topics and presentation dates are set, the instructor can allocate presentation 
research prompts (questions) if they want students to focus on particular aspects of 
a topic. This is useful if a group of students are presenting the same topic in the 
same class as it ensures that different aspects of each topic are explored by each 
student. For example, one topic in the authors’  Environmental Management  course 
was “Environmental Governance,” and an assigned research prompt was “Discuss 
the strengths and limitations of deliberative democracy as an approach to environ-
mental management. Use an example to demonstrate.” Prescribing this prompt 
ensured that this particular aspect of environmental  complexity   was specifi cally 
explored as a critical part of managing environmental complexity as a whole. 
Asking students to choose their own case study both ensured the practical relevance 
of their learning and encouraged them to customize their presentation to something 
that interested them. 

 The highly constrained  Pecha Kucha   format—exactly 20 s of narration per slide, 
exactly 20 slides, and an emphasis on images—forces students to distil the salient 
elements of what it is they want to communicate to their peers. The instructor can 
provide guidance to students about how to do this through tips for how to fi nd relevant 
research using library or other online databases. As desired, the instructor can also 
provide guidance on effective  communication   about environmental and sustainability 
issues based on information provided by Cox ( 2013 ) and Harding et al. ( 2009 ). 
Sharing a grading rubric with students before they present can help communicate to 
them what they should be aiming for (see Electronic Supplementary Materials 
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(ESM)-A for an example rubric). If time is available, the instructor can offer forma-
tive feedback on students’ draft presentation transcripts and discussion questions 
 before  the students present to peers. This ensures that both the instructor and presenter 
are confi dent in the quality of the material being presented. As desired, the instructor 
can also help build students’ confi dence in making these very structured presentations 
by providing encouragement and guidance, depending on the students’ academic 
background and experiences. 

 Although the post-presentation discussions should be facilitated by the students, 
the instructor retains responsibility for facilitating the overall process to ensure that 
students understand the guidelines and etiquette for communicating effectively and 
respectfully with one another. This includes making clarifi cations to student 
responses where required, encouraging thoughtful contributions, and asking follow-
 on questions that deepen student engagement with the material. 

 Finally, the role of the instructor is to help students see how each of the presenta-
tions and discussions “fi ts” into the bigger picture of the learning goals of the course. 
This can be done by providing students with an initial introduction to the overall 
topic and then introducing each presentation topic individually by highlighting how 
that contributes to their overall learning. The instructor can also link the topics of 
previous presentations with those that are currently being presented by contributing 
to student discussions.  

    Activities 

 Preparation time for students is substantial; the tasks require students to carefully 
research and then shape their presentation with suitable images and a well-planned 
script and then practice delivering their presentation. Students should be given clear 
direction about two aspects of the  Pecha Kucha   format (see Shenk  2009 ). First, stu-
dents need to understand the Pecha Kucha is a precisely constrained and specifi c form 
of presentation. It is important to emphasize to students that they do not try to present 
too much information (see ESM-B for a guide on how to show students to calculate 
how much content will comfortably fi t into a 20-s slide). Modeling a high- quality 
Pecha Kucha or providing links to online examples can be very helpful in this regard. 
Second, students can benefi t from clear step-by-step guidance on the technical steps 
to creating a Pecha Kucha. Students can be encouraged to test the presentation soft-
ware they will use before presenting so that they are confi dent that technical issues 
will not delay them during their presentations. Instructors could also provide to stu-
dents a template fi le with all the settings already in place. More detailed instructional 
guidance on all the above aspects of teaching Pecha Kucha can be found in ESM-B. 

 Students also write open-ended questions for presenter-facilitated tutorial 
discussions following the presentation. Open-ended discussion questions require 
more than a “yes” or “no” answer and are useful in establishing and maintaining 
thoughtful contributions to tutorial discussions. Examples include: What can 
different disciplinary perspectives offer in understanding environmental contro-
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versies? Identify diverse stakeholders in an environmental controversy, and 
describe how their perspectives on the controversy align and/or contrast. 

 In some contexts, such as with less academically mature cohorts, students may 
also benefi t from guidance on how to constructively engage in tutorial discussions. 
For example, students can be encouraged to discuss presentations from a variety of 
angles and with open minds and to introduce potentially unrepresented perspec-
tives. They can also be encouraged to listen and deliberate on the perspectives raised 
by other students. Suggesting to students that they do not necessarily need mastery 
over the subject matter to engage in discussions can alleviate nervousness that some 
students may have. For instance, inviting students to share their understanding of a 
previous point can help clarify their own learning (by having to articulate it) while 
opening the possibility of asking for clarifi cation if it is required. 

 As facilitators of discussions, students can be guided in several ways. They can 
be assured that their role is to open up an area for learning with their peers and that 
they do not need to have all the answers. Rather they can ask follow-on questions 
based on the responses of other students and ask the instructor for clarifi cation. 
When peers express diverse, alternative opinions, they can be encouraged to be 
respectful with responses such as: “I wonder if….,” or “Could I play devil’s advo-
cate….,”’ or “That is a great point you make but what if ….” Most importantly, 
students can be encouraged to be welcoming and inclusive to facilitate engaging, 
productive discussions. 

       Follow-Up Engagement 

•     Peer-to-peer evaluation of presentations can be incorporated into the presentation 
sessions. This encourages students to refl ect upon the characteristics of the mate-
rial presented, the effectiveness of the  communication  , and the attributes of good 
discussion techniques. Providing students with a clear rubric ahead of time (e.g., 
ESM-A) that defi nes effective skills in these areas will provide a guide to how 
they can assess their peers’ work.  

•   Students can be asked to write a refl ective  journal   which documents their realiza-
tions and experiences from interacting with the  Pecha Kucha   presentations. This 
can be submitted as an assessment task itself, or students can summarize their 
refl ections further and submit that as their assessment task (thus requiring “ refl ec-
tion   on refl ections”).     

    Connections 

•     If the presentations are scheduled over several course meetings and/or weeks, the 
instructor and students can refer back to previous presentations, identifying ways 
in which constitutive elements of an overall curriculum connect to each other. 
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This supports students’ cumulative, holistic learning and demonstrates to stu-
dents the tangible value of their work for informing ongoing learning.  

•    Pecha Kucha   presentations could be recorded to transform them into artifacts 
which can have longer-term benefi ts. They can be revisited later in a course to 
review material based on subsequent learning. In addition, after individual 
courses have concluded, students can include their presentations in learning 
portfolios.         
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    Chapter 39   
 Engaging in Climate Change Conversations: 
A Role-Playing Exercise to Cultivate Effective 
Communication                     

       Stephen     Siperstein        

        Introduction 

 Public understanding of climate change in the USA is fragmented across political 
and ideological boundaries and has become more a question of  belief   than of under-
standing (Leiserowitz et al.  2012 ). Moreover, research indicates that the climate 
change “ debate  ” is largely a function of differences in individual ideology and thus 
best understood as “an intergroup  confl ict   that exists primarily between two groups 
with confl icting views…believers and skeptics (rather than between scientists and 
sections of the public)” (Bliuc et al.  2015 , p. 226). Among the many barriers to effec-
tive climate change  communication  —such as  media   selectivity (Feldman et al.  2014 ) 
and the public’s skewed perception of scientifi c agreement (Ding et al.  2011 )—this 
ideological polarization is central. Effective climate change communication must 
therefore do more than attempt to convey information or knowledge (Moser and 
Dilling  2011 , p. 163); it needs to facilitate conversation, connection, and perspective 
taking, so that individuals can begin to talk  with  (rather than  at  or  past ) each other 
about climate change (Hobson and Niemeyer  2012 ; also see Chaps.   4    ,   29     and   40    , this 
volume). Unfortunately, most people rarely talk about climate change with each 
other, and when they do, they usually have trouble with perspective taking and  empa-
thy  . Marshall ( 2014 ) specifically identifies this lack of positive and produc-
tive climate change conversations as part of a pervasive culture-wide “meta- silence” 
about the issue (“meta” because people do not talk about not talking about it). 
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 The “meta-silence” on climate change suggests important and pressing questions 
for environmental educators, such as how best to instruct students about the chal-
lenges to effective  communication   and how to help them develop the skills and 
confi dence necessary to have productive conversations about climate change. 
Student-centered teaching activities that use  role-play   can be one avenue for tack-
ling such questions (see Box  39.1 ). The goal of the activity described in this chapter 
is to help students recognize the various challenges of climate change conversations 
and to experience them through imaginative role-play. To achieve this goal, students 
consider how others might view climate change—based on ideological positions, 
worldviews, religious beliefs, professions, life stories, etc.—and then “play” char-
acters whose perspectives on climate change may be different from their own. By 
viscerally experiencing the challenges of having such conversations, students should 
become better able to assess and overcome the barriers to effective communication 
about complex, controversial environmental issues such as climate change. 

       Learning Outcomes 

 After completing this activity, students should be able to:

•    Refl ect on their own worldviews and perspectives about climate change.  
•   Investigate a particular perspective on climate change that may differ from their own.  
•   Explain why  communication   about climate change can be challenging.  
•   Identify strategies for having positive and productive climate change conversations.  
•   Consider why having conversations about climate change can be important for 

addressing the ideological barriers to effective climate change  communication  .     

    Course Context 

•     Developed for a fi rst-year seminar focused on climate change with 15–20 
students  

•   80 min in one class meeting  

   Box 39.1. Role-Play and Climate Change Education 

 Role-play is a creative, participatory, and potentially transformative type of learn-
ing activity. In the phrase itself, the word “role” suggests that students gain experi-
ence with perspective taking (and potentially with  empathy  ), and the word “play” 
indicates that students use their imaginations to have fun and act out different 
parts in a supportive environment. Within the context of teaching climate change, 
 role-play   can provide a framework for students to explore the issue’s various intel-
lectual and emotional dimensions. Additionally, the climate change role-playing 
activity described here invites students to refl ect on the act of conversation itself. 
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•   Students should have a basic knowledge of climate change and read or otherwise 
engage with various sources on climate change  communication   before class.  

•   Adaptable to courses of any class size and level that include discussions of climate 
change and  communication  ; it can be modifi ed for longer or shorter durations by 
assigning additional preparatory work outside of class or by extending the activity 
to take place over multiple class sessions.     

    Instructor Preparation and Materials 

 To complete this  role-play  ing activity with students, the instructor should be prepared 
to (a) provide students with a brief reading or overview of the state of climate change 
 communication  , particularly in the USA (see below and Electronic Supplementary 
Materials, (ESM)-A, for instructor resources), (b) guide an open- ended discussion on 
the challenges of climate change communication, (c) facilitate the role-playing, and 
(d) guide an open-ended “debriefi ng” discussion after the activity. 

 This activity is most successful with students who have a basic knowledge of cli-
mate change, including an understanding of the central scientifi c concepts, the causes, 
and the present and future impacts. It is also useful if students have some familiarity 
with various types of solutions to climate change (e.g., knowing the difference between 
mitigation and adaptation). If climate change is a new topic for the class, the instructor 
can assign as an introduction to the issue either a documentary fi lm (e.g., Orlowski 
 2013 ) or an overview chapter from one of the many available climate change hand-
books (e.g., Henson  2011 ). In addition to this general background, students should 
prepare for this activity by reading one or more sources specifi cally about climate 
change  communication   (e.g., CRED  2009 ; see also ESM- A for other readings). 

 The materials needed to complete this activity are minimal. The instructor should 
create note cards or slips of paper (one for each student) on which are written “role 
descriptions” for the activity, for example, an  oil   rig worker, a climate scientist, a right-
wing congressman, or a citizen of the Maldives. Ideally the total number of roles should 
equal the total number of students (so that each student has a different role). If the class 
is large, it is fi ne to have multiple students assigned to the same role (allowing collabo-
ration on their research as desired). Fleshed out examples of these and other roles are 
listed in ESM-B. It can be useful if the instructor tailors the roles to highlight various 
topics already covered in the course. For example, if the students have learned about the 
Alberta tar sands, then one role could be a tar sands engineer and another role could be 
a member of a local Mikisew Cree First Nation community. The instructor can simi-
larly customize role descriptions to fi t with the interests and demographics of the par-
ticular group of students or with issues specifi c to the school or local community. 

 For a basic version of this activity, in which students have conversations in pairs, 
the role description cards should be marked as either “group 1” or “group 2,” with 
the two groups corresponding to roles that are more on the “climate change skeptic” 
end of the spectrum or more on the “climate change believer” end of the spectrum. 
The students don’t need to be told at the beginning of the activity what their group 
numbers correspond to; the numbers simply serve to place students into pairs during 
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the in-class conversations. For ease of facilitation, there should be an equal number 
of roles in group 1 and group 2. If the class has an odd number of students, the 
instructor should be prepared to step into a role from either group as needed. 
Box  39.2  suggests other variations for implementing the activity. 

 Students can pick their roles out of a container (e.g., box, hat), or the instructor 
can randomly assign them. To participate in the conversations fully, students should 
complete background research about their assigned characters either before class or 
during the class meeting (see details below). If the latter, students will need elec-
tronic devices with Internet access in the classroom (provided or their own). 
Additionally, access to a chalk or whiteboard (or other writing surface) is useful for 
the debriefi ng discussions at the end of the activity.  

    Activities 

 Depending on course context, the instructor can begin as needed by fostering stu-
dent  refl ection   and leading a discussion (10–15 min) about the barriers to effective 
climate change  communication   and conversations. It is useful to start by asking: 
how many of you have been having, or have ever had, conversations about climate 
change outside of school? In the author’s experience, most students answer “no.” 
For students who answer “yes,” it can be useful to query them about what factors 
made those conversations possible. The instructor can then ask students to complete 
a brief “ think-pair-share  ” brainstorming activity in response to the question: why is 
climate change so diffi cult to talk about? 

 These opening questions provide a foundation for a large group discussion about 
any climate change  communication   readings that may have been assigned before class 
(see above and ESM-A). Students should be asked to share what they think are the 
key roadblocks/diffi culties to effective climate change communication. Some of 
the common talking points are politics, lifestyle, religion,  media    bias  , disinforma-
tion campaigns, the scale of the problem, feelings such as guilt or fear, and misun-
derstandings about the  science  , among others. It is less important that students 
identify all of these factors and, more so, that they are thinking generally about 
why climate change is a challenging issue for effective communication. The 
instructor can keep track of student responses on the board. 

 Next, the instructor should explain the learning goals and  purpose   of the  role- 
play  ing activity (see section “ Introduction ” and Box  39.1 ). Providing this kind of 
framing for students helps prevent the activity from seeming artifi cial or falling fl at. 
Next, if not already completed for homework, every student in the class should be 
given a “role card” and then conduct research (20–30 min) to develop their charac-
ters for the role-playing. 

 The instructor should provide guidelines for this process, including suggestions 
about how the students can fully fl esh out the life stories of their characters and think 
about those characters’ views on climate change. For instance, the instructor could 
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encourage the student whose role is that of a parent worried about his/her children’s 
future to come up with a name for the parent character and names for the children, to 
think about important events in the parent’s life, and to consider what the parent’s 
 values   and goals are. To relate this to climate change, the student might even conduct 
a quick Internet search for parents’ organizations focused on solving climate change. 
More broadly, the instructor can encourage students to think about the following 
questions when doing research for their backstory: What are the desires, goals, and 
deeply held values of your character? How would these likely infl uence what your 
character thinks and feels about climate change? To provide additional guidance, the 
instructor can require that students fi ll out a “build a character” worksheet with more 
specifi c questions (see ESM-C). 

 When students have fi nished preparing their roles, the instructor announces 
that each student should pair up with someone from a different numbered group 
than his or her own (in the basic version of the activity, students with group 1 roles 
pair with students with group 2 roles) and fi nd a spot in the room to sit and have a 
conversation about climate change (5–10 min). The instructor should explain the 
three requirements for the conversation: students must (1) stay in their roles for 
the duration of the  role-play   activity, (2) treat each other with  respect  , and (3) 
approach the conversation as if they genuinely want to learn about their partners’ 
perspectives and share their own. 

 The instructor should monitor the conversations, providing reminders to help 
keep conversations on track as needed. However, even the conversations that 
seem to be “failing” are useful for student learning, especially when there is 
adequate time to discuss the reasons for such real or perceived failure during the 
debriefi ng. If time permits, the instructor can ask students to engage in additional 
conversations (see Box  39.2 ). 

 The debriefi ng stage of the activity is crucial. The instructor begins this portion of 
the activity by asking students to write a brief  refl ection   about the process (~5 min), 
using one or more of the following prompts: What did you fi nd most diffi cult about 
the conversation activity and why? Did you experience points of tension during your 
conversation, and if so, what were they? Were you able to resolve the tension or move 
past it? If you did not experience much tension in your conversation, why do you 
think that was the case? What did you and your conversation partner agree on or fi nd 
common ground about? What did you learn from this activity? 

 The instructor should then lead a class discussion to elicit students’ refl ections, 
guiding summary and  synthesis  , and possibly recording key points on the board 
(20+ min, though this can carry over into the next class period). The key goal is to 
help students “talk about talking about” climate change. Most likely, some students 
will have experienced points of tension during their conversation (though they may 
have steered the conversation away from such tension). Thus, during this debriefi ng 
part of the activity, the instructor should guide students toward thinking about what 
those points of tension were, what the underlying differences were between their 
characters that created those tensions, and what strategies—including rhetorical 
choices—might have addressed those tensions (Nisbet  2009 ). In other words, how 
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were the students able (or not) to fi nd common ground in talking about climate 
change? To conclude with larger context, the instructor can ask students to generate 
a list of the reasons for why people’s views about climate change differ (e.g.,  world-
view  , political affi liation, religion, age, profession) (Hulme  2009 ). 

       Follow-Up Engagement 

•     These questions can be used for extended discussion or writing assignments:

 –    What makes it diffi cult to have conversations about climate change with people 
who have different worldviews and life stories?  

 –   What are some strategies for productively and respectfully talking about cli-
mate change when the person you are talking to does not share your beliefs, 
interests, and  values  ?  

 –   Have you had climate change conversations or similar experiences outside of 
class, such as with family members or friends? How were those conversations 
similar or different from the  role-play   activity?  

   Box 39.2. Variations of Role-Play Conversations 

 Theses variations work particularly well in a longer class period or with more 
advanced students:

•    After the initial conversations run their course, have students switch part-
ners and engage in additional conversations. These conversations could be 
with someone with a different or similar position/outlook (i.e., different or 
same group number) on climate change. Engaging in additional conversa-
tions provides students with extra opportunities to learn about different 
perspectives on climate change and to hone their character acting.  

•   Have students converse in groups comprised of three or more students, 
with roles organized into six categories corresponding to the multiple US 
climate change publics identifi ed in the  Global Warming ’ s Six Americas  
study: alarmed, concerned, cautious, disengaged, doubtful, and dismissive 
(Leiserowitz et al.  2012 ). During debriefi ng, ask what it was like with more 
people included in the conversation. Was it easier or more challenging? 
Did the conversations go in different directions when there was a majority 
of one view on climate change in the group? Did one or two people domi-
nate the discussion?  

•   In groups of three or more, ask one of the students to be a neutral (perhaps 
silent) facilitator, mediator, or observer who records what happens and 
guides the conversation as needed. This person could also be tasked with 
helping the other participants fi nd points of agreement and then reporting 
the outcomes to the class during the debriefi ng.    
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 –   How might you approach such conversations in the future to engage more 
effectively with people who hold different views on climate change?     

•   Throughout the remainder of the course, ask students to have conversations 
with people outside of the class—friends, family, or community members—
about climate change (or other course topics) using some of the  communica-
tion   strategies identifi ed from the  role-play  ing activity. These conversations 
can help students recognize that they have transferable skills for communicat-
ing about climate change with others. To facilitate learning, debrief about these 
experiences as a class.  

•   Ask students to work in groups or as a class to prepare their own guides or mani-
festos about effective climate change  communication  . For instance, students 
might identify strategies such as “be aware of the person’s job,” “demonstrate 
your own understanding of climate change but don’t act like a know-it-all,” or 
“discuss the local impacts of climate change.” Students can then compare their 
guide to those written by others (see ESM-A).     

    Connections 

•     When discussing other environmental sustainability-related issues, ask stu-
dents to consider how their characters from this  role-play  ing exercise would 
view them.  

•   When assigning students writing or presentation projects, ask them to consider 
how they will use different rhetorical strategies to appeal to readers or audience 
members who may not share their own views.  

•   Issues that relate to this chapter are discussed in other chapters of this volume 
including worldviews (Chap.   4    ),  leadership   skills (Chap.   7    ), navigating diverse 
 priorities   (Chap.   19    ), and effective  communication   about complex issues 
(Chaps.   37    ,   38    , and   40    ).         
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    Chapter 40   
 Writing Letters to the Editor to Promote 
Environmental Citizenship and Improve 
Student Writing                     

       Andrew     J.     Schneller        

       Introduction 

 Resolving environmental and sustainability issues is complex and fraught with 
 debate  . Civil, community discourse that includes a myriad of  stakeholder   perspec-
tives is necessary to educate and involve the public (e.g., see Chaps.   19     and   31    ). 
Successful engagement requires that citizens be able to understand, assess, and suc-
cessfully communicate their own and others’ perspectives about complex issues 
across scales (Jacobson  2009 ; Pezzulo  2010 ; Chaps.   29     and   39    ). To help students 
improve these skills, the process of reading and writing “letters to the editor” (LTE) 
provides an experiential and authentic assignment that also fosters learning about 
timely environmental problems and politics (Wermuth  2006 ). LTE writing can be 
“situated as [an] actual activity in which [students] participate in real-world set-
tings” (Doyle  2000 , p. 1) thus engaging them as environmental citizens in their 
communities. This chapter describes how reading and writing LTEs can be used to 
help students develop and articulate their personal perspectives about environmen-
tal and sustainability issues and improve their writing skills. 

 A benefi t of using LTEs as pedagogy is that they can easily be submitted for pub-
lication, which provides an external audience and added motivation to enhance stu-
dent engagement. Because the LTE section is one of the most widely read parts of 
newspapers and news websites (Jacobson  2009 ; Sierra Club North Star  2014 ), stu-
dents who write LTEs that are subsequently published can reach a wider audience 
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with their environmental perspectives. The assignment can also be empowering for 
students who may not have many opportunities to have their voices heard in a public 
forum. In the author’s experience, 40–50 % of submitted student LTEs per class have 
been accepted for publication (see two examples in Electronic Supplementary 
Materials (ESM-A)). After 4 years of facilitating this activity, it is evident (through 
written student evaluations) that students (and instructors) appreciate how reading 
and writing LTEs helps them acquire useful skills while simultaneously connecting 
them to their communities through environmental advocacy.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Analyze and critique the framing of complex public policy issues/problems 
within popular  media  .  

•   Frame and write succinct and persuasive arguments about their environmental 
perspectives for a broad public audience of community members (e.g., businesses, 
elected offi cials, and agencies at multiple levels of  government  ).  

•   Engage in public environmental discourse with confi dence and civility.  
•   Recognize the value and role of engaging in public environmental discourse for 

communicating their environmental perspectives.     

    Course Context 

•     Developed for an upper-level environmental policy course for environmental 
studies majors with 15–30 students  

•   Time needed to complete the full activity is two 80-min classes but adjustments 
can be made for one class and shorter periods  

•   Adaptable to courses that include discussions of US public lands and oceans 
policies, environmental  communication  , environmental governance and man-
agement, or other sustainable development and sustainability issues     

    Instructor Preparation and Materials 

 This activity is taught in two parts and requires computers for student use in the 
classroom (if available). If computers are unavailable in the classroom, it is sug-
gested that instructors reserve a computer lab (e.g., in the library). For  parts 1  and  2 , 
instructors should provide a handout (LTE guide) to students that describes the rea-
soning and logistical process of writing letters to the editor. The most useful resource 
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for this process has been created free for public use by national chapters of the 
Sierra Club (ESM-B). Instructors should edit this information as needed for their 
course. 

 For  p art   1 , instructors should choose a collection of opinion-editorial (op-ed) 
essays on one topic for the students to read before class that they will write 
about in a practice letter. Although this activity could be used with many topics, 
it was designed to coincide with the discussion of current  media   events and 
environmental policy decisions. The chosen op-eds should provide students 
with a broad enough spectrum of public perspectives so as to better understand 
the diversity of  stakeholder   interests in the issue. A set of three example op-eds 
about salvage logging on Bureau of Land Management lands in southern Oregon 
is provided in ESM-C. This sequence of op-eds was carefully selected for 
advancing student analytical and writing goals, as they represent varied legal, 
anthropocentric, and biocentric  values   of community stakeholders, thus high-
lighting the  complexity   and diversity of arguments within the environmental 
decision-making arena. 

 For a briefer implementation, durations for  p art   1  suggested below can be reduced 
and/or step D (letter writing) can be completed as homework before the in-class 
peer review. Alternatively, it is possible to skip the practice LTE assignment alto-
gether and begin with  part 2 . (In the author’s experience, the longer and shorter 
approaches work, but the in-class writing and peer review process provides more 
continuity between writing and editing and receiving immediate feedback for 
improvement.)  

    Activities 

          Part 1: The Practice Letter to the Editor 

     (a)    As homework, hand out the chosen op-eds (e.g., ESM-C) that students should 
read before the letter-writing class. Students should be instructed to highlight 
the strongest arguments in each of them. Tell students that in the next class they 
will be required to take a stance on the issues discussed in the op-eds and that 
they will be writing a letter to the editor that is informed by these pieces.   

   (b)    On the day of the exercise, hand out the “letter to the editor guide” (Sierra Club 
 2014 , ESM-B). Discuss the benefi ts of LTEs as mentioned in the Sierra Club 
guide, and discuss the main points for successfully publishing a LTE (10 min). 
Consider inviting a journalism professor, an environmental journalist, or an edi-
tor (if available in the community or via Skype) as a guest speaker who can 
provide an insider’s perspective about the publishing industry.   

   (c)    Instruct students to take on a fi ctional community role for their practice LTE 
(for the logging case study, e.g., a bird watcher, hiker, logger, Earth First!er, 
mountain biker, ecologist, fi sher, wilderness advocate, botanist, motocross 
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fanatic,  government   resource management agent, etc.). This community  stake-
holder  ’s perspective will be used for writing their practice LTE. Alternatively, 
the instructor may choose to assign students their roles randomly.   

   (d)    In class, using a computer, students will individually write a ~250-word LTE 
(30 min). Explain that students who are having diffi culty writing their LTEs will 
soon have assistance from a peer editor.   

   (e)    When they are fi nished writing their LTE, students should choose or be assigned 
a partner for peer editing. Suggest to students that this step is helpful because 
chances are, if the peer editor does not understand something in the LTE, the 
editor of the newspaper will also be at a loss.   

   (f)    The peer review process (30 min) involves students sharing their practice LTEs 
with their partner (e.g., via email, Google Docs, or switching computers). 
Instructors should explain that peer reviewers should write comments related to 
grammar, content, organization, and any additional information that is needed 
to clarify and/or improve the main points and arguments in the LTE. While 
preparing their comments, reviewers should follow the instructions in the LTE 
guide (ESM-B). After both students fi nish writing their comments, each should, 
in turn, provide them to the author and verbally summarize their comments and 
suggested edits. Note that it may be helpful for students to edit their partner’s 
LTEs if they assume the role of a newspaper editor or member of the general 
public. Instructors may also choose to request that peer reviewer comments are 
turned in for evaluation.   

   (g)    Students should make edits to their LTE in class or at home. Instructors may 
wish to collect these for evaluation based, in part, on common issues that will 
arise such as exceeding the 250-word limit; failure to include a witty title; failure 
to mention the author, date, and title of an op-ed or article to which the LTE is 
referring; failure to explicitly state the desired outcomes; failure to use multiple 
short paragraphs as opposed to one giant block paragraph; failure to stick to one 
or two main points; and lack of new/unique compelling arguments in relation to 
their chosen or assigned  stakeholder   role.   

   (h)    As appropriate, the instructor can facilitate a 10-min whole-class discussion to 
debrief about the class’ opinions (e.g., preferred outcomes for the proposed 
salvage logging sale on public lands; see ESM-C).      

      Part 2: Letters to the Editor for Submission to a Newspaper 

 Building on  p art   1 , part 2 asks students to write an LTE for submission to an actual 
 media   outlet, most likely a newspaper or possibly a weekly or bimonthly magazine. 
Part 2 should commence in the class immediately following  part 1 .

    (a)    Students should be asked to browse newspapers (online, 30 min) from their 
hometown or the community in which the university is located to fi nd a recent 
article or op-ed related to the class material (they should have been published 

A.J. Schneller



297

within the last 2 weeks to increase the probability of students’ letters being pub-
lished). This can be an article that students feel strongly about or that contains 
content for which they’re curious or even unfamiliar. The importance of fi nding a 
“hometown” or university community article is somewhat important, as newspa-
pers are more likely to publish letters from their local readership/residents. 
However, students in the author’s classes have also had success publishing nation-
ally regarding more general domestic and international environmental issues 
(e.g., climate change, endangered species, and public lands). Instructors should 
explain to students that they will have a greater likelihood of publication success 
if they choose a smaller newspaper, instead of a high-profi le national paper.   

   (b)    Students should be instructed to fi nd the LTE submission process for the publi-
cation of their selected article and note the word limit (usually 150–400 words).   

   (c)    Once students have read their article or op-ed, they should be given 30 min for 
the LTE writing process in class.   

   (d)    After the letter writing, they will again work for 20 min with a peer editor to 
improve their LTEs (see step (f),  p art   1  above). If some students are working 
more slowly and do not have time to both read the newspaper article and also 
write their LTE, students can work at their own pace and fi nish the process out-
side of class.   

   (e)    When students have fi nished their edits in class (if time permits) or later at 
home, they should be asked to submit their LTE online to the publication and 
their instructor. To confi rm submission to the publication, students should either 
carbon copy the instructor on an email submission or take a “screenshot” of the 
completed Web page submission form (or confi rmation page) where they have 
submitted their LTE. As noted in the Sierra Club guidelines (ESM-B), students 
can also be invited to send the letter to their local elected or agency offi cials to 
increase the impact of this assignment and their  citizenship   engagement.   

   (f)    Instructors should ensure suffi cient time for debriefi ng about the value of this 
lesson, highlighting the extent to which students learned to critically read about, 
refl ect on, and assess complex environmental issues and their ability to express 
themselves concisely in writing with conviction and clarity. Discussion can also 
focus on the value of LTEs in relation to the potential broader impacts of con-
tributing to the public discourse (e.g., what difference does it make if people 
write LTEs and to what extent can anyone’s mind be changed by a letter?).    

       Follow-Up Engagement 

•     After students submit their LTEs to a newspaper, they should look online for suc-
cessful publication. Students should send the instructor online links to the LTE 
publications. Instructors and students can then discuss any public replies/com-
ments that have been posted online in relation to the student LTEs. Further, envi-
ronmental issues that have been resolved after publication of the LTE can be 
highlighted as part of a class discussion.  
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•   One option for increasing the rigor of this assignment is for students to write an 
opinion editorial (op-ed) on an issue, typically about 800–1,000 words in length 
(see ESM-C). For this, students, individually or in groups of two or three (pos-
sibly in conjunction with a community  stakeholder  , NGO representative, or other 
“community infl uential”), contact an editor of a newspaper with an initial writing 
proposal (lede) to obtain the green light for formal submission and possible pub-
lication. Tips for writing good op-eds, hooks, and ledes can be found online from 
 The OpEd Project  (  www.theopedproject.org/    ). Alternatively, a collective, whole- 
class op-ed piece can be written regarding one agreed-upon topic, with each 
student writing pieces that are integrated into one op-ed (by the instructor or as a 
class project, perhaps online in a shared document). (See Wermuth ( 2006 ) for an 
example of this process.)  

•   A further extension is for instructors to post students’ LTEs and the original op- 
eds online in a classroom management platform and have students comment 
(civilly) on each other’s ideas.     

    Connections 

•     Because students are writing persuasively about contemporary and pressing 
environmental issues and problems, there will be fruitful future ground (at 
other times in the course) for instructors to call upon students in class to discuss 
what they have written about in their LTEs. In the author’s experience, students 
genuinely care about the complex issues they read about and become de facto 
experts on them and are thus more likely to contribute and participate in class 
discussions and debates.  

•   If the LTE and op-ed writing process is a student’s fi rst foray into writing for 
environmental advocacy, they will acquire a better understanding of the chal-
lenges and  complexity   of the environmental communications and policy arenas. 
A desired longer-term outcome of this heightened understanding (and the writing 
process) is that the acquired skill set and experience will provide a foundation for 
future  community engagement   efforts (e.g.,  leadership   roles; see Chap.   7    ).         
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    Chapter 41   
 Captioning Political Cartoons from Different 
Perspectives as a Tool for Student Refl ection                     

       Katharine     A.     Owens        

       Introduction 

 Political cartoons use humor and thought-provoking satire to reveal public percep-
tions about controversial topics (Hirt  2011 ); they can also soothe or infl ame the 
mood around issues. They often allow for social and political agenda setting, refl ect 
the value of issues in society, and seek to infl uence thought on a given subject (Sani 
et al.  2012 ). In analyzing  political cartoon  s on climate change, researchers have 
noted that cartoons provide commentary on social power structures and public 
knowledge as well as give voice to alternative messages (Manzo  2012 , Eide  2012 ). 
In these ways, political cartoons can serve as a rich tool to expose students to the 
nuances and depth of social discourse around environmental issues. 

 Political cartoons are underutilized in classroom settings even though they can 
be quite effective in teaching theoretical and conceptual material and improving 
critical thinking skills (Hammett and Mather  2011 ). In a study measuring 
students’ environmental concept knowledge when taught with and without  politi-
cal cartoon  s, Toledo et al. ( 2013 ) found that the use of cartoons resulted in signifi -
cantly higher learning gains. Examining political cartoons helps students hone 
their analytical skills while enlivening class discussions, in part, by sparking 
enthusiasm (Doherty  2002 ). Further, Bickford ( 2012 ) emphasizes that creating 
political cartoons fostered higher levels of critical thinking in students; he found 
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that when used as a complement to or in lieu of writing assignments, political 
cartooning allowed students to effectively communicate abstract ideas to their 
peers. The goal of this chapter’s learning activity is to cultivate students’ critical 
thinking, analytical thinking, and writing skills by creating and discussing politi-
cal cartoon captions from different perspectives and writing a short refl ective 
piece on the exercise.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Consider discourse on an environmental issue by creating succinct  political cartoon   
captions.  

•   Express varied perspectives about an environmental issue by writing cartoon 
captions from different viewpoints.  

•   Interpret the discourse revealed by cartoons through discussion.     

    Course Context 

•     Developed for a public policy course for political  science   majors with 20–30 
students and has been used in undergraduate environmental policy and introduc-
tory environmental studies courses with 10–15 students  

•   20 min in one class meeting  
•   Students should be familiar with the focal theme or topic in order to communi-

cate multiple perspectives  
•   Adaptable to courses of any class size and level that include discussions of environ-

mental issues and can be modifi ed for longer durations by allowing more time for 
captioning and discussion or by adding extensions as described in the “ Follow- Up 
Engagement ” section     

    Instructor Preparation and Materials 

 To prepare, the instructor should access blank  political cartoon  s or remove text 
from captioned cartoons. The Association of American Editorial Cartoonists 
(AAEC) maintains cartoons specifi cally for classroom use on their website, includ-
ing environmental ones (see Electronic Supplementary Materials (ESM)-A). 
Cartoons published in papers can be collected and adapted for classroom use by 
removing their captions (which is condoned by the AAEC). Additional cartoon 
sources can be found in ESM-A. 

 When choosing  political cartoon  s, it is helpful to consider the advice of 
Doherty ( 2002 ), who notes the importance of selecting suitable cartoons, caution-
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ing that overly obvious or complicated cartoons may not lend themselves to class-
room use. As she suggested, “you should have a clear  purpose   in mind for what 
you want the cartoon(s) to accomplish. Simply because a cartoon is about (a given 
issue) does not mean that the issues it raises are the ones you want to discuss” 
(Doherty  2002 , p. 259). 

 The instructor should select at least two cartoons on a theme of interest. The 
instructor will make copies of the cartoons (to be handed out in class), giving one 
cartoon to each student group (of two to four students). In a very large class, several 
cartoons on the same theme may be used to allow for variation. There can certainly 
be overlap; it is not necessary that each group has a different cartoon. The total 
number of cartoons may ultimately be determined by how many the instructor can 
fi nd on the theme. The cartoons’ subject(s) should align with topics covered/dis-
cussed in the course to date because deeper knowledge of an issue provides students 
with the vocabulary necessary to consider more than one perspective (i.e., not sim-
ply their own opinions). The instructor should digitally scan the cartoon image(s) 
(all of those to be handed out to students) to create a slideshow in which each car-
toon is projected as it is discussed. It may also be helpful to collect a few published 
 political cartoon  s, both humorous and thought provoking, to include in a presenta-
tion to introduce students to the medium. 

 To become acquainted with discourse about images, some of the following arti-
cles may be helpful. A clear, short introduction to the use of environmental  politi-
cal cartoon  s in the classroom can be found in Hirt ( 2011 ). For additional perspectives 
on political cartoon analysis, Conners’ ( 2007 ) article is concise and accessible, 
albeit focused on presidential candidates. O’Neill and Nicholson-Cole ( 2009 ) 
describe research on the effectiveness (or lack thereof) of fear-based climate-
change imagery, enabling consideration of the broader implications of the mes-
sages in political cartoons. While longer, Dunaway’s ( 2008 ) article may be best for 
sharing with students as it explores visual imagery (photographs and cartoons) and 
environmental discourse associated with the fi rst Earth Day to illuminate the fram-
ing of this event.  

    Activities 

    Introduction (2–4 min) 

 Tell students that their task is to create a caption for the given  political cartoon  . Let 
them know that it can be funny or serious, but should remain connected to the issue or 
class topic. Take heed of this advice for writing captions from The New Yorker’s 
Robert Mankoff ( 2010 ): “See, you can’t come up with a funny caption if you don’t 
come up with any captions at all. Therefore, the fi rst thing to do is to lower the bar. 
Lower it to the ground, so you can step over it and generate as many potential captions 
as possible. You can always raise it later. The easiest way to do this is by using the 
words that immediately pop into your head as a jumping-off point for your captions” 
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(p. 1). In other words, brainstorming is the most effective way to generate potential 
captions. Encourage students to suggest many different captions and perhaps select 
their favorite at the end. This allows creativity to fl ow within the group, giving 
students the freedom to offer ideas without pressure.  

    Captioning (6–10 min) 

 Ask students to form small groups. Give each group a copy of the blank cartoon and 
have students spend 3–5 min creating a caption for the cartoon. Instructors should 
walk around to the groups to provide encouragement and feedback (remind students 
to add captions freely and edit later) and help students stay on task. Urge students to 
try captions that might inspire people to think about the issue in a new way. Ask stu-
dents to imagine different audiences with questions such as: What caption would you 
write if this were to be submitted to the state’s largest newspaper or to your school 
newspaper? What if you were writing for your parents’ friends or your roommates? 

 After brainstorming their initial caption, ask students to then create a caption 
from an alternate perspective (i.e., from an environmentalist and then a  business   
owner, from a conservative and then a liberal, from an older and then a younger 
person) for the same cartoon (in an additional 5–7 min).  

    Discussion (6–12 min) 

 The instructor projects each cartoon, asking student groups to share their best two 
captions, each one refl ecting a different perspective. Then, as time permits, further 
discussion about each cartoon can be fostered using questions suggested by Doherty 
( 2002 , p. 259), including: “Who is in the cartoon? What is the context of the car-
toon? Why is it funny? How are the various characters drawn and what clues does 
this offer us about the cartoonist’s viewpoint? If characters are portrayed through 
visual metaphors, what does the metaphor tell us?” 

 The instructor should also use pointed questions to help students analyze different 
positions and perspectives on the issue raised by a cartoon, such as: Who are the 
stakeholders? What are their stakes? How might different stakeholders think differ-
ently about this issue? The instructor can challenge groups to provide alternative 
perspectives from a range of  stakeholder   groups. Can the stakeholders be arranged in 
coalitions? What might be the stakes of each coalition? What might be examples of 
acceptable or unacceptable policies for each group? This process can be repeated for 
each cartoon. Further examples of discussion questions can be found in ESM-B. To 
conclude the discussion, the instructor should encourage students to refl ect on the 
way we as a society communicate about important environmental issues and how 
cartoons can help and/or hinder effective discourse.   
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     Follow-Up Engagement 

•     After the discussion, students can be given a refl ective short essay assignment to 
allow them to thoughtfully refl ect on the activity along with a rubric for its 
assessment (available in ESM-B).  

•   For extended discussion or as prompts for other assignments, the following questions 
can be used:

 –    How can messaging improve or obfuscate understanding about an environ-
mental issue?  

 –   Are all perspectives given equal time on environmental issues? Should they 
be given equal time?  

 –   Can messaging be used to build understanding rather than highlight 
difference?  

 –   Juxtapose and compare cartoons from different publications, authors, and 
even countries. Is there a difference in messages?     

•   Have students work in small groups or alone to create their own cartoons on a 
different topic (skill in drawing is not required, stick fi gures can be quite 
effective). Bickford ( 2012 ) provides a guide for leading students through this 
process, including the use of  concept map  ping and student examples.     

    Connections 

•     Writing a succinct message relates to creating public relations campaigns for 
sustainability-related  community engagement   (e.g., effective letters to the editor; 
see Chap.   40    , this volume).  

•   Detecting political and other biases can help students understand and critique the 
rhetorical messages in various  media   (e.g., Chaps.   35    ,   36    ,   42    and   43    , this volume).  

•   Thinking about the way various stakeholders consider an issue can provide insight 
into political  decision-making   and how to engage in more successful  dialogue   
(e.g., Chaps.   19     and   39    , this volume). This relates to issues of  environmental justice   
(see Chaps.   27    –  30    , this volume).         
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    Chapter 42   
 Analyzing Nature as a Persuasive Tool 
in Advertisements                     

       Rebecca     Duncan        

       Introduction 

 Manufacturers of  consumer good  s and  advertising   professionals who promote them 
have a long, complex relationship with nature and perceived human connections 
with the environment (Howlett and Ragion  1992 ). Nature—ranging from stunning 
landscapes to adorable and fear-inducing wild animals—has served as a persuasive 
strategy since the inception of print advertising. When displayed beside or behind a 
product, a visual portrayal of nature and the “common desires, beliefs, and  values  ” 
it invokes can convince us to open our wallets (Sturgeon  2009 , p. 13). More gener-
ally, corporations use natural imagery and ideologies to suggest a core commitment 
to sustainability and environmental  stewardship   (Carlson et al.  1993 ; also see Chap. 
  23    , this volume). 

 Analyzing the role of nature in  advertising   can position students for further 
inquiry in three academic contexts. First, in lessons about writing or  persuasion  , 
such an activity provides practice in analyzing rhetorical strategies, particularly 
 logos ,  pathos , and  ethos , using familiar products and images. Second, in the context 
of environmental literature, philosophy, or  ethics  , the activity can establish a critical 
framework with which to approach complex readings and contemplations on human 
relationships with the natural world. Third, for general sustainability studies, this 
work provides a glimpse into the messages and practices of self-identifi ed “green” 
companies and products, introducing the distinction between a fundamental and 
enacted commitment versus attempts to “greenwash,” or project a false image of a 
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product’s and its producer’s environmental responsibility (Underwriters Laboratory 
 2015 ). To these ends, the activity described in this chapter involves a close reading 
of references to nature in advertisements, with the broader goal of helping students 
practice and improve analytical and sustainability thinking skills.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Articulate a human/nature relationship expressed or implied in an ad.  
•   Identify argumentative strategies at work in an ad (e.g., in terms of  logos ,  ethos , 

 pathos,  or other paradigm).  
•   Assess the effectiveness of an ad for infl uencing an audience of their peers.     

    Course Context 

•     Developed for an introductory course in persuasive writing with 20–30 students  
•   50 min in one class meeting  
•   Students can be asked to gather advertisements but no other preparation or back-

ground is needed  
•   Adaptable to any courses that explore human relationships with nature or “green” 

 advertising   and its potential abuses     

    Instructor Preparation and Materials 

 Preparation will vary, depending on which of the three scenarios (described above) 
fi ts the course: writing and  persuasion  , human/nature relationships, or sustainability 
practices. An overview of relevant scholarship for each approach is provided in 
Electronic Supplementary Materials (ESM)-A. Those who use this activity to teach 
argument should present an overview of the Aristotelian concepts of  logos ,  ethos,  
and  pathos  in advance.  Logos  refers to a logical argument;  ethos  refl ects  ethics  , 
social responsibility, character, and  values  ; and  pathos  is an emotional appeal. 
Axelrod and Cooper ( 2014 ) provide basic defi nitions, and elaboration of these con-
cepts in relation to nature-based ads is in ESM-A. 

 To ensure a range of examples with clear associations between a product and 
nature, it is recommended that the instructor gather a set of sample advertisements. 
Images of plants and fl owers, animals, landscapes, geographical features, and  water   
are typical associations with the natural world featured in ads. Although trends shift 
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over time, products typically promoted using nature include soaps and shampoos, 
makeup, automobiles, fashion, hunting equipment, vacations, and a variety of foods. 

 Nature-related ads can be gathered from magazines, newspapers, direct mailings, 
and other sources.  Smithsonian  and  Real Simple  are fruitful sources, as are  business   
and women’s magazines. A handful of excellent examples is provided in Sturgeon 
( 2009 ). Online sources are also readily available. In addition to online versions of 
commercial and trade magazines, resources can be located with the search terms 
“environmental  advertising   examples,” “nature advertising examples,” and “animal 
advertising.” The websites of product manufacturers and advertising agencies also 
feature sample ads. A sample ad and analysis appear in ESM-B and ESM-C. 

 In addition to the instructor-provided ads, or alternately as a pre-class assign-
ment, students can be asked to fi nd sample ads and bring them to class. If so, they 
may need help distinguishing between  advertising   and editorial content; this confu-
sion is the only diffi culty that has arisen in several years of conducting this activity 
by the author.  

    Activities 

 The steps below refl ect the most basic iteration of the activity as it might be used in 
an introductory lesson. The analyses can take on greater  complexity   in a course in 
which students have read additional source material on environmental  advertising   
and greenwashing and have the requisite product knowledge to assess the advertis-
ing claims.

    1.    Introduce the idea that we can deduce views about human relationships with 
nature by examining the use of nature in  advertising   of consumer products 
(5–7 min).   

   2.    Give each student a sample ad that depicts nature in relation to a product. Ask 
them to work in groups of two to four to examine the visual presentation of 
nature in each other’s samples and respond to the following questions, repro-
duced on the printable worksheet in ESM-D (3 min of individual analysis, 5 min 
for each student to share with group members, 5 min to prepare key points for 
presentation).

    (a)    What images are used? What colors and actions dominate the ad? How are 
people reacting to the scene depicted?   

   (b)    Next, examine the explicit and implied messages. Does the ad’s copy (the 
headline and additional writing) mention the natural world? What is said? 
What additional messages are implied or suggested by the text and/or 
images?   

   (c)    Together, how do the message and visual elements attempt to persuade the 
audience (e.g., through logos, ethos, and/or pathos)? Explain.   

   (d)    Does the ad seem to mislead the reader in any way about the product’s asso-
ciation with the natural world? Is there any other kind of contradiction 
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between depictions of nature or sustainability and the product’s function as 
you understand it?   

   (e)    What does this ad suggest about sustainability and human relationships with 
nature?    

      3.    Ask several of the groups to share one of their ads and observations. Engage the 
class in fi nding patterns across the ads and contradictions within them (3–5 min 
for each presentation and class comments).   

   4.    As a class, compile a list of human/nature relationships suggested by the ads (for 
examples, see ESM-E—10 min).   

   5.    As students present their observations, the instructor should, as desired, draw 
attention to the use of logos, ethos, and pathos and address any misunderstand-
ings of these concepts. Connections can also be made between the human/nature 
relationships that students discover in the ads and other course topics and 
readings.    

      Follow-Up Engagement 

•     The list of human/nature relationships generated by the class can serve as a 
framework for further analysis. Students can be asked to locate additional exam-
ples of nature in ads and write informal  journal   entries or formal essays in which 
they analyze several ads in light of these relationships (and logos/ethos/pathos) 
or they can apply the framework to a literary work about the environment.  

•   Students can practice rhetorical strategies by creating ads of their own that use 
images of and written references to nature.     

    Connections 

•     This activity, when supplemented by the cited readings, can prepare students to 
address environmental and sustainability issues related to  corporate social 
responsibility  , consumer behavior, or behavioral  economics   (see Chaps.   22     and 
  23    , this volume).  

•   Business-focused lessons addressing a particular product or economic sector 
might include further study on greenwashing, especially if students have or can 
acquire the necessary product knowledge to contrast  advertising   claims with a 
product’s performance or characteristics.  

•   This activity can be used to connect sustainability and environmental issues with 
lessons about  media   studies, cross-cultural, or global  communication  .        
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    Chapter 43   
 Making and Assessing Art in the Sustainability 
Classroom                     

       Bruno     Borsari        

       Introduction 

 Education for sustainability calls for students to become active agents of change and 
good stewards of the Earth. One way to foster these outcomes is through the process 
of creating  art  . Arts and the larger culture are inextricably linked, and consequently, 
educating for sustainability by employing the arts may help foster a culture of sus-
tainability (Lehtonen et al.  2013 ). Art and the art-making process have potential for 
helping students restore their connections to the environment. Scientifi c informa-
tion can inspire artworks (Borsari et al.  2008 ), and participation in art making 
engages learners emotionally and cognitively (Emery  2013 ). The arts can move the 
head and heart toward a clearer understanding of the world in which we live (Borsari 
and De Grazia  2015 ). Further, art making has potential for sparking  imagination   
which enhances creativity, yielding an engaging learning environment. Thus, an 
instruction milieu that mimics an art studio can be more compelling and help 
improve sustainability education (Jacobson et al.  2007 ). 

 The main focus of the  art  -making activity described below is fostering students’ 
positive expressions about sustainable change—rather than producing “good art”—
while enhancing their understanding about, and experience of, the aspects of “art 
thinking” that differ from other modes of thinking, such as scientifi c. In this activity, 
students are invited to make art that is inspired by sustainability issues. It embraces 
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a systemic philosophy which applies directly to a transformative and community- 
learning pedagogy (Clover  2000 ). In sum, this activity aims at connecting sustain-
ability across disciplines while helping all students think creatively when challenged 
by the complex themes or concepts taught in class.  

    Learning Outcomes 

 After completing this activity, students should be able to:

•    Express their feelings about sustainability through creative, collaborative  art-
  work, without being inhibited by perceived inabilities to produce “good art”.  

•   Communicate to classmates how their  art  work conveys a sustainability message.  
•   More critically evaluate sustainability messages conveyed in  art  works and trans-

fer the acquired skills to all art.     

    Course Context 

•     Developed for a large (>150 students), intro nonmajors biology course  
•   Used after an introductory class on sustainability, in which a clickers’ case about 

the  ecological footprint   concept had been used (Borsari  2009 )  
•   Can be completed in a 50-min class period and is adaptable to any class size     

    Instructor’s Preparation and Materials 

 Before students begin the activity, the instructor should be prepared to give a short, 
introductory presentation (3 min) to explain the work to be done and show examples 
of  art  works from students (see Electronic Supplementary Materials (ESM)-A) and 
professional artists (painters, poets, musicians, photographers, and others). For 
example, a short video of Joan Baez singing “Where have all the fl owers gone” 
(  https://www.youtube.com/watch?v=0LZ2R2zW2Yc    ) demonstrates an especially 
good artwork which blends poetry and music. Sources for and examples of environ-
mental and sustainability-themed art are provided in ESM-B. For projection of 
introductory slides and websites as needed, ensure that the classroom is equipped 
with a projector and Internet access. 

 The instructor should also prepare to lead a short discussion (2–3 min) by asking 
a few probing questions (suggested below). These are derived from current litera-
ture about arts and the environment (Curtis et al.  2014 ; Borsari and De Grazia  2015 ) 
that the instructor can consult in preparation for the  art  -making class. Additional 
background readings are suggested in ESM-C. 

 The instructor should make copies of the Artwork Assessment Tool (AWAT) for 
the evaluation of the students’  art   pieces (ESM-D). Each student will need one copy 
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for each artwork to be reviewed; preparing ten forms per student should suffi ce 
although the number will depend on the number of students and groups in the class 
and time allocated for each student to evaluate each artwork (see below for context 
to help guide decisions). For the art-making work, instructors may wish to gather 
materials to provide (markers, pencils, etc.). In the author’s experience, art can be 
successfully made on computers so students should be told to bring those if 
desired. In addition, engaging art professors in various departments on campus 
(e.g., music, graphic design, arts, dance, and theater) by inviting them to partici-
pate in the art- making class is encouraged to demonstrate multidisciplinary edu-
cation pedagogy and to inspire these colleagues to offer this or similar activities 
to their classes as well. 

 In an attempt to reduce students’ inhibition to  art   making, instructors could share 
an art piece they have created (see ESM-B for an example from the author) and 
utilize a theme to contextualize the art making. In the author’s experience, a theme 
for the activity can strengthen the learning outcomes of this activity more success-
fully by focusing students’ attention, allowing them to be more productive in a short 
time frame. For example, “The  ecological footprint   dilemma” case proposed by 
Borsari ( 2009 ) has been used to prepare students for the art-making class; as a 
“warm-up” lesson used in the class meeting before the art making one, it enabled 
students to refl ect and discuss sustainability more critically through a relevant story 
which applies to their lives.  

    Activities 

 This activity is implemented in six parts: (1) a mini-presentation by the instructor, 
(2) a discussion about critical questions, (3) a brainstorming session to select a sus-
tainability concept, (4)  art   making, (5) a  gallery walk  , and (6) wrap-up session. 

 (1) and (2): The instructor should organize students into groups of three to fi ve 
individuals after providing a short introductory presentation (3 min; see above). 
Then, students can be asked to comment on and discuss questions (6 min) such as: 
What are the differences (or similarities) in the thinking process applicable to arts 
and/or  science   making? What is good  art  ? What is the worth of art making in mod-
ern society? How does art relate to sustainability? The instructor should allow some 
time (2 min) to reporting responses to the whole class by soliciting groups to share 
their answer. 

 (3): Then, facilitate a 3-min brainstorming session to list (on a white/chalkboard), 
as a class, a dozen or so concepts that relate to sustainability that could be used as 
themes for  art   projects (Box  43.1 ) (or that relate to an umbrella theme, e.g., the  eco-
logical footprint  ). Each group is asked to select a concept that will be used to inspire 
an original art piece of a chosen medium (e.g., poem, song, visual art, or dance). 
Students should be asked to identify an objective for the art piece they are going to 
create. More specifi cally, each group will need to clearly articulate the message, 
idea, and/or emotion that they want to communicate through their artwork. 
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   (4): At this point, the instructor should ask students to make their  art   piece with 
the following guidelines:

•    They are  not  compelled to produce “good  art  ” but rather do their best to identify 
a way to express their chosen sustainability concept in an artistic piece.  

•   They should have fun participating in this class activity.  
•   They must give a title to their  art  work.  
•   They must indicate the sustainability concept conveyed by the  art   (and including 

it in the title is suggested).  
•   They will have 15 min to complete their  art  work. (Although it may seem that this 

is insuffi cient time, in the author’s experience, the time allocated functions well 
to ensure that students keep focused on the activity.)  

•   The instructor will keep the time and ask students to stop working on their  art   
piece when time is up.  

•   When done, students will share their  art   with their classmates in a  gallery walk   
when students will be asked to evaluate each other’s artwork.  

•   As desired, students can be asked to send photos or the original fi les (for digital 
work) to the instructor by email for archiving and, if appropriate, instructor 
assessment.    

 (5): At least 20 min should be devoted to the “gallery walk” when the  art   
pieces are displayed and assessed by students. (To display digital works, stu-
dents’ laptop computers can be employed.) Students’ assessment of the art is a 
very important component of this class activity and it can vary by class size. In a 
large class, the instructor will ask students to arrange themselves around the room 
to present their works. Each group will designate a presenter who will stand next 
to the art piece to briefl y share the title of, conceptual inspiration for, and the mes-
sage that the authors want to convey through the work. (Presentation time (e.g., 
50–60 s) should be set based on class size and duration.) Non-presenting students 
serve as evaluators who will move from artwork to artwork, listen to the presenta-
tions, and complete an AWAT form (ESM-D) for each; if time permits, the recom-
mended minimum is ten evaluations per student. In the author’s experience, 

  Box 43.1. Sustainability Issues and Themes That Can Translate Well 
into Student Art 

•     Genetically modifi ed organisms (GMOs) and their implication for envi-
ronmental and public health  

•   Conservation of pollinator species, habitat, and  biodiversity    
•   Oil and  food   production as human population continues to grow  
•   Soil and water: Are they renewable or nonrenewable resources?  
•   Personal refl ections on one’s  ecological footprint   (see Borsari  2009 )    
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AWAT forms can be completed in about 10 s. Evaluators can assess each artwork 
once and they cannot assess their own group’s piece. The instructor should tell 
students when to move to the next presentation. So that every student can be an 
evaluator, presenters should switch their role with another group member after 
every fi ve presentations. 

 In smaller classes, the  art   pieces can be presented one by one to the whole class 
(if needed for digital pieces, through a projector). The instructor will invite each 
group to the front of the classroom to share their work in 1–2 min (or longer as time 
permits). All group members or a spokesperson should briefl y share the title, the 
sustainability concept that inspired the artwork, and the message that the authors 
want to convey. At the end of each presentation, students in the audience will fi ll out 
the AWAT form while the professor invites another group to present. 

 (6): During the last three (or more) minutes of class, the instructor wraps up the 
exercise by facilitating a discussion to solicit students’ refl ections. These questions 
could be used as prompts (see more prompts in ESM-E):

•    What was learned in this activity?  
•   How did the artistic process (from the selection of the concept to  art   making) 

work for the groups?  
•   What were the challenges (if any) in selecting the sustainability concept?  
•   Was the activity enjoyable or frustrating?  
•   How does  art   making connect to the course?     

    Follow-Up Engagement 

•     The instructor can analyze the AWAT data by calculating averages for each cat-
egory for each  art  work and, at the following class meeting, announce the class’ 
most successful works.  

•   Students can be assigned to write a  refl ection   paper that aims to verify the learn-
ing outcomes of the  art  -making exercise. (See ESM-E for a suggested assign-
ment sheet and rubric.)  

•   Collaborate with  art   directors to set up future students’ displays of artworks 
related to sustainability at galleries on or near to campus (e.g., see Curtis ( 2011 ) 
for an example with extension workers).     

    Making Connections 

 Connections to the  art  -making activity could be made across a course and curricu-
lum by:

•    Discussing contrasting “ways of knowing,” as when the concept of “ science  ” is 
introduced (e.g., see Chaps.   9     and   14    , in this volume).  
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•   Exploring how emotions and attitudes expressed through the arts are important 
to consider as they relate to people’s behaviors (i.e., discussing issues of environ-
mental  psychology  ; see Chaps.   4    ,   6     and   22    , in this volume).  

•   Analyzing how the arts and other imagery can be used to engage people in think-
ing about public policy and social problems that relate to environmental chal-
lenges (also see Chaps.   41     and   42    , in this volume).         
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