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Abstract 
 
The complex topic of global climate change continues to be a challenging yet 
important topic among science educators and researchers. This mixed methods 
study adds to the growing research by investigating student conceptions of 
climate change from a system theory perspective (Von Bertalanffy, 1968) by 
asking the question, “How do differences in content knowledge, system theory 
skills, social influences, beliefs and attitudes towards climate change influence 
overall conceptualizations of climate change in an environmental science high 
school classroom?”  The first, qualitative phase of the study gathered evidence of 
participants’ 1) content knowledge, 2) system theory skills, 3) social influences, 
and 4) beliefs and attitudes towards climate change.  An analysis of this data 
resulted in a typology for the class, which was used to select six focus students for 
the second, qualitative phase of the study.  The second phase utilized a case study 
framework (Cresswell, 2007), focusing on a series of interviews and classroom 
observations of the six focus students to identify points of intersection between 
students’ content knowledge, system theory skills, social influences, beliefs and 
attitudes towards climate change insofar as they contributed to the students’ 
overall conceptualization of climate change.  Findings indicate that: 1) student 
motivation and engagement to discuss and learn about climate change is highly 
complex and not correlated simply to their beliefs towards climate change; 2) 
belief structures around climate change are dynamic, they change across time, 
context and audience; 3) students holding beliefs divergent to their peers or 
teacher are more likely to draw from social information sources  (versus scientific 
sources) and have a greater likelihood of arriving at incorrect knowledge about 
climate change; 4) disbelief in climate change as a overall phenomena does not 
correlate to a disbelief in or incorrect knowledge of the scientific topics related to 
climate change; 5) radiation, the greenhouse effect, ozone and the carbon cycle 
remain difficult concepts for students to articulate understanding of, whether 
explored in isolation or in relation to other topics; 6) the study of the overall 
phenomena of climate change gives opportunities to use system theory skills, but 
may also result in feelings of inaccessibility and/or incomprehensiveness, and 
therefore the study of the overall phenomena may not be suitable for a high school 
classroom.  These findings have implications for both educators and researchers 
interested in exploration of climate change. 
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Chapter I:  Rationale 
 

Introduction to Study 

Since the term “global warming” gained the public ear late in the 1980s 

(McCright & Dunlap, 2000), global climate change (GCC) continues to be a 

frequent topic among science educators, science education researchers, and the 

public alike.  Its implications permeate politics, education, social media, morality, 

business, international law, and science.  Today it remains a contentious, 

important and unfortunately misunderstood scientific issue.  As such, our 

obligation is greater than ever to address the issue of GCC as an educational topic 

for students who will soon be citizen evaluators and decision makers on this issue. 

While this issue is not a new topic for study, several obstacles have 

hindered efforts and progress in the research and implementation of curriculum 

and pedagogical techniques in the classroom.  First and foremost, the historic 

reductionist approach, and increased specialization around disciplines within 

science education in the United States has hindered efforts towards topics that 

require a systemic and interdisciplinary approach such as climate change 

(Bäckstrand 2003). 

Furthermore, GCC is a political and charged topic, one that tends to bring 

discussions dripping with opinion and devoid of fact. Because of the politicized 

nature of this subject, students (and adults) enter the study of climate change with 

a wide array of beliefs, prior experiences and dispositions towards climate change 

as a socio-scientific issue (Leiserowitz, Maibach, Roser-Renouf, & Smith, 2010).   
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This political hurdle is accompanied by the sheer breadth, depth and 

complexity of the content itself.  As an issue, GCC is not easily encompassed by 

one area of study, it crosses traditional disciplinary lines (biology, chemistry, 

physics, geography, etc.), spans multiple Earth systems (atmosphere, geosphere, 

biosphere, hydrosphere), and ranges in scope from global to molecular (Corney, 

2011).  Needless to say, such a breadth and depth of knowledge is difficult for 

most teachers to grasp, let alone their students.  Compounding the difficult subject 

matter, climate change is a relatively recent topic of popular study and most 

science educators working in classrooms today never studied GCC as students, 

making it a uniquely gray curricular topic for many teachers themselves (Fortner 

2001).   

 While these challenges exist, the complexity of climate change, and the 

causes and potential risks associated may lead to a sense of urgency for 

researchers and educators when considering that the students we work with today 

will require proficiency with concepts of GCC and earth systems in general for 

personal, political, social and scientific reasons as they navigate the relationship 

of humans and the environment in years to come. (U.S. Global Change Research 

Program & U.S. Climate Change Science Program, 2009)  

 

Statement of the Problem 

 Research into global climate change education has increased in recent 

years, assumedly in response to the general increase of public attention and the 

need to address this topic in schools. While research into climate change has 
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increased, these studies have largely focused on identifying conceptual challenges 

and misconceptions of climate change (Choi et al, 2010; Fortner, 2001; Rebich, 

S., & Gautier, C., 2005; Boyes et al, 1993; Rye et al, 1997; Koulaidis & 

Christidou, 1999; Andersson & Wallin, 2000; Koulaidis & Christidou, 1999; 

Andersson & Wallin, 2000; Rye et al, 1997; Rebich & Gautier, 2005; Mayer, 

1995; Booth and Sweeny, 2000; Kali, Orion & Eylon, 2003; Assaraf & Orion, 

2005; Hoffman & Barstow, 2007).  Other work has focused specifically on the 

interaction of beliefs and attitudes with climate change education (Lester et al, 

2006; Zhao et al, 2011; Leiserowitz, 2010).   

This work has led to a growing consensus in academic circles of which 

challenges are most pervasive in climate change education (e.g. differentiating the 

greenhouse effect from the ozone).  Many researchers continue to work towards 

further refining and prioritizing which challenges are most prevalent and in need 

of intervention.  Other researchers have taken this growing consensus of specific 

challenges and moved forward toward designing, implementing and assessing 

curricular and instructional solutions (Koulaidis & Christidou, 1999; Rule & 

Meyer, 2009; Hamilton et al, 2008; Varma & Linn, 2012). To be sure, the pursuit 

of greater consensus of challenges and the pursuit of solutions to challenges are 

worthwhile endeavors.   

These two research directions (refining a list of challenges and seeking 

solutions) provide great aid in our efforts.  However it also illustrates a gap that 

this study aims to fill.   This study resists the temptation of refining a list of 

challenges and developing new curricular or pedagogical solutions.  Rather, this 
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research project seeks a deeper and nuanced understanding of how different types 

of students conceptualize climate change at the intersection of their content 

knowledge, system thinking skills, social influences, beliefs and attitudes.  In 

doing so, I seek to provide a valuable resource for researchers and educators who 

grapple with climate change education as a complex topic spanning many 

phenomena (e.g. albedo effect, carbon cycles, respiration, chemical bonding) and 

overlapping into many Earth systems (e.g. geosphere, sociosphere). While 

seeking this deep perspective through student cases, this research also seeks to 

address a critical disconnect in the current literature.  Most studies in this field, 

discussed further in chapter two, tend to focus on narrow content or isolated 

topics (e.g. the greenhouse effect, ozone, etc.).  In doing so, many studies hold a 

holistic systems theory approach in one hand while adopting a reductionist focus 

with the other hand.  This is not to say that such reductionism in research is not 

useful.  Indeed, reducing the scope of a study is important on a number of levels 

(methodology, data collection, data analysis). However, if we want to honor the 

systems theory approach inherent in the study of climate change, it is necessary to 

investigate system thinking not from a single and isolated topic or skill, but rather 

in the context of multiple topics, systems and skills.  The research project 

described in the following pages was designed with such an aim in mind. 

Global climate change as a phenomenon is a particularly robust scientific 

system in and of itself.  Furthermore, the phenomenon spills into many other 

systems (e.g. political, social, economic, religious, historic, etc.), making it an 

excellent starting point to explore a broad scope of content and tasks. For this 
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reason, we should not only investigate climate change within the bounds of 

individual topics (as is the case in most of the studies to date), but also within the 

more holistic systems approach, which is the aim of this study.   

 

Potential Contribution of Study 

This study seeks to address two gaps in the existing literature of climate 

change education. Instead of joining in the pursuit of solutions to commonly 

identified challenges in climate change, this study offers a reflective perspective 

to the existing literature by exploring how several underlying frameworks 

(student’s content knowledge, system thinking skills, social influences, beliefs 

and attitudes) may add to our understanding of how different students 

conceptualize and approach climate change.  While this project intentionally 

moves in a different direction than a solution-driven project, it has the potential to 

aid those seeking solutions by providing a more in-depth analysis of typologies of 

students and the potential conceptual impacts those diverse kinds of students may 

display when exploring climate change in the classroom. 

 

Research Question 

This study was designed to learn more about how different students 

conceptualize global climate change at the intersection of content knowledge, 

system thinking skills, social influences, beliefs and attitudes towards and around 

the subject itself. The research question of this study was:   
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- “How do differences in content knowledge, system theory skills, social 

influences, beliefs and attitudes towards climate change influence overall 

conceptualizations of climate change in an environmental science high 

school classroom?” 

In the first phase of study, data was collected and analyzed quantitatively to 

determine differences in content knowledge, system theory skills, social 

influences, beliefs and attitudes.  In the second phase of the study, interview and 

field note data was collected and analyzed qualitatively to determine points of 

intersection between content knowledge, system theory skills, social influences, 

beliefs and attitudes for each participant before determining cross-case themes.   

 

Definitions 

Note that definitions included below are operational definitions, specific to 

this study.  Each term defined below is discussed in greater detail in chapter 2. 

Global climate change (GCC).  In the context of this study, global 

climate change is defined as “a long-term change in the Earth’s climate, or of a 

region on Earth” (Conway, 2012).  These include changes to the biosphere, 

sociosphere, geosphere, hydrosphere, and atmosphere. 

“Global warming,” or the average increase in surface temperatures over 

time as a result of increased greenhouse gas rates (anthropogenic), is commonly 

used as a synonym for global climate change.  However, while increased average 

surface temperature (global warming) is one of the observed impacts of increased 
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greenhouse gasses, it does not address the many other impacts of increased 

greenhouse gasses to other Earth systems and phenomena addressed in climate 

change research (e.g. changes in precipitation, sea level, increased storm 

intensity).  For this reason, the term global warming is avoided as a synonym for 

climate change as is often the case in popular discourse and media.  Throughout 

the study, global climate change is abbreviated as GCC.   

Social and scientific informational sources.  As an issue that spans 

across political, social, and scientific boundaries, climate change (as well as many 

other issues) are considered to be socio-scientific in nature.  These issues not only 

have impacts on social and scientific communities, but those grappling with 

socio-scientific issues are bombarded with (and likely draw upon) both social 

informational sources (e.g. friends, family, local news, etc.) and scientific 

informational sources (e.g. text books, journal articles, classroom science 

instruction, etc.). 

Scientific literacy. In its most fundamental sense, scientific literacy is 

used in this study to describe a person’s ability to draw on prior knowledge 

(scientific knowledge as well as socially-gained knowledge) to understand and 

engage scientific issues that are multi-disciplinary, novel to the learner, based in 

real-world situations, and require attention to the interaction of multiple earth 

systems including the sociosphere, biosphere, geosphere, hydrosphere and 

atmosphere. 

Climate literacy. In this study climate literacy should be viewed as a sub-

category of scientific literacy. Climate literacy is a person’s ability to draw on 



   8 

prior knowledge (scientific knowledge as well as socially-gained knowledge) to 

understand and engage in climate change content that is multi-disciplinary, novel 

to the learner, based in real-world situations, and requires attention to the ways 

multiple earth systems including the sociosphere, biosphere, geosphere, 

hydrosphere and atmosphere. 

System theory and system thinking.  The phrase “system thinking” is 

used to indicate the application or demonstration of “system theory.”  Generally 

speaking, system thinking refers to the ability of an individual to understand the 

relationships between parts of a given system, and to understand those parts in 

relation to a whole (in direct contrast to Cartesian reductionism).  It is important 

to note that the author at no point assumes a direct line to an individuals actual 

system thinking; rather the study strives to elicit representations or evidence 

(written, visually, or verbally) of system thinking from participants.  Throughout, 

it is acknowledged that the absence of system thinking evidence does not 

necessarily determine absence of system thinking itself. 

Knowledge and skill.  To delineate between what can be called student 

“knowledge” versus what can be called a student “skill,” this study uses the 

Nature of Science (NOS) and Nature of Scientific Inquiry (NOSI) as helpful tools 

for differentiation. NOS and NOSI overlap in many ways, and are often used 

synonymously because of that overlap.  However, they contain a major point of 

divergence related to the difference between knowledge and skill. As Schwartz, 

Lederman & Lederman (2008) describe, “NOS aspects are those that pertain 

mostly to the product of inquiry, the scientific knowledge.  NOSI aspects are 
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those that pertain most to the processes of inquiry” (p. 3), or the skills that 

generate the scientific knowledge. (National Research Council, 1996; American 

Association for the Advancement of Science, 1993).  In this light, “skill” is used 

to indicate the processes through which “knowledge” is developed and justified. 

While in other contexts this differentiation may seem trivial, the 

differentiation of these words is important to this study due to the fact that in a 

student representation (e.g. a concept map or survey response), we may have an 

indicator of knowledge, but should be very slow to assume to know much about 

the underlying processes or skill used by the students.  Viewed in another way, 

the first quantitative portion of the study seeks to access representations of 

knowledge for the whole group, while the second qualitative portion of the study 

seeks to gain insight into the skills, processes and underlying frameworks used to 

develop that knowledge demonstrated in the first portion of the study. 

Misconceptions, missing conceptions and correct knowledge. This 

study uses the terms from the study of conceptual change to describe different 

conceptions as they relate to an expert model of a given topic (Duit, & Treagust, 

2012).  Specifically, I borrow the terms “misconception,” “missing conception” 

and “correct knowledge” (F. Finley, personal communication, September 20, 

2012) to differentiate three types of conceptions as they relate to the expert model. 

The term “misconception” is used to describe knowledge held by someone that 

deviates from an expert model of a specific topic. The term “missing conceptions” 

on the other hand describes scientific evidence that is not yet understood or 
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accessible to students.  Finally, the term “correct knowledge” is used to describe 

student knowledge that is held as true by the student and the expert model. 

Overall conceptualization. This study uses the phrase “overall 

conceptualization” in its research question and throughout the pages of this 

manuscript.  Conceptualization in this study is used to describe the collection of, 

and interplay between content knowledge (including missing conceptions, 

misconceptions and correct knowledge), application of system theory skills, social 

and political influences, and beliefs and attitudes around a given topic (in this case 

climate change).  I acknowledge that the conceptualization of a given topic could 

include other factors; however this study attends to these specific factors insofar 

as they align to the research question and the existing literature in the field. 

 

Overview of Remaining Chapters 

 Chapter II provides an overview of relevant literature for the study, 

moving from general to specific in scope.  The chapter begins with literature that 

has influenced the theoretical framework used for the study, and concludes with a 

discussion of literature specific to GCC education.   Chapter III lays out the 

general method of the study, including epistemological underpinnings, theoretical 

frameworks, context for the study validation measures, limitations and reflections 

on potential bias.  Chapter IV discusses the data collection, analysis and outcomes 

for the first phase of the study.  Chapter V presents the data collection for the 

second phase of the study and presents the six cases of the second phase.  Chapter 
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VI presents the analysis of the cases, the results of that analysis within and across 

cases, and discusses the findings in the context of the research question.  The final 

chapter, Chapter VII presents conclusions, implications and suggestions for 

further research. 
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Chapter II:  Review of Literature 
 

 The review of relevant literature in this chapter consists of five sections.  

While the sections are delineated for the sake of clarity, there is much overlap 

between sections both in content and in application to the study.  The first section 

of the chapter addresses reductionism and its misalignment to the complex world 

of science education.  The second section discusses system theory, scientific 

literacy and climate literacy as a remedy for the shortcomings of a reductionist 

approach.  In the third section I give a brief overview of the research around 

concept maps as one form of data collection around system thinking, a tool used 

several times in this study.  Fourth, I turn specifically to global climate change 

and address literature regarding attitudes and beliefs toward the topic. The fifth 

and final section reviews studies that have uncovered common conceptual and 

curricular challenges surrounding GCC.  

 

Reductionism in a Complex World 

“From a very early age, we are taught to break apart problems, to fragment 
the world.  This apparently makes complex tasks and subjects more 
manageable, but we pay a hidden, enormous price…we lose our intrinsic 
sense of connection to a larger world.” (Senge, 1990, p. 3) 

 
The goals of science education in the United States have been debated 

since the inception of science education itself.  While some of the earliest science 

education in the United States carried distinct attributes of interdisciplinary 

inquiry, the standardization and subsequent compartmentalization of science 

education into specific disciplines in the 1890s began a series of long standing 
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debates as to the purpose and intended outcomes of science education.  (National 

Education Association, 1894) 

The debated purposes of science education have ranged from developing 

discipline-specific science knowledge, training and educating scientists, the study 

of social issues in scientific contexts towards broad and applicable scientific 

proficiency, to training an elite group of citizens for highly specialized careers 

within the sciences (DeBoer, 2000; Laugksch, 2000).  Osborne (2007) identifies 

one such historic tension: 

“The most fundamental of these is the tension that exists between training 
(and the choice of this word is quite deliberate) the future scientist and 
educating the future scientist.  The former will become the producer of 
scientific knowledge whilst the latter will remain a critical consumer of 
scientific knowledge.  The problem for science education is that there 
exists an uneasy tension between these two aspirations – that is between 
the needs of the minority who will continue the study of science and the 
needs of the majority who will not.” (p. 173) 
 
While this specialized and compartmentalized program has gained a 

“common sense” association in modern educational discourse, we would do well 

to remember that this science education program is a remnant of historic fear 

(economic, nuclear and nationalistic) brought by the launch of Sputnik in 1957.  

The resulting training focus of science education has had undoubted benefits for 

many who have pursued scientific careers in the past decades.  However the 

outcome is not as beneficial for those pursuing non-scientific careers, the vast 

majority of K-12 students.  Less than 40% of U.S. citizens attain a post-secondary 

degree (U.S. Census Bureau, 2010), and of those less than 20% of the degrees are 

in science fields (U.S. Dept. of Ed. - NCES, 2009).  In short, the current science 
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education program delivered to all public school students is designed to prepare 

students for advanced degrees in science. Yet less than 8% of our total population 

ends up with such an advanced science degree.   

While it could be argued that the specialist-training model of science 

education has benefit all students, today’s world is very different from what it was 

in 1957, and requires a temporally-specified science education program that 

serves the needs of today’s global citizens.  In today’s world, everyday citizens 

are bombarded by scientific information that impacts their lives and their 

communities, and they are increasingly expected to interpret and apply scientific 

concepts to their life and decisions as citizens.  Not only that, but current issues 

such as triple-biome convergence migration, water resource use, renewable, and 

global climate change, are not easily understood from a reductionist perspective.  

Rather, these ever-changing issues require a systematic understanding of science 

that is adaptable to the ever-changing and voluminous issues in today’s world.  

 

System Theory, Scientific Literacy and Climate Literacy 

System theory has received much attention in recent years. However, it 

appears as early as the 1930s in the field of biology (Von Bertalanffy, 1950).  

Later applications include Miller’s (1978) development of living systems theory in 

ecology, Senge’s (1990) use of system theory for business application, and the 

application of system theory in urban planning (Pickett, Cadenasso, Grove, Nilon, 

Pouyat, Zipperer, & Costanza, 2008).  These examples indicate both the longevity 

and wide application of system theory.  It also hints at a challenge in system 
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theory, namely its many definitions reaching across multiple disciplines and 

applications. 

For the sake of common language in this study, system theory describes a 

way of viewing the world holistically. As a point of clarification, system thinking 

is used to describe the ability of an individual to apply system theory to a specific 

question, task or problem.  System thinking is further explored in later sections, 

but a greater exploration of system theory is critical prior to moving forward.  

System theory opposes the strict pursuit of reducing entities to their 

comprising parts (e.g. exploring a pond only through its individual organisms, 

their cells, cell parts and so forth), and rather emphasizes the arrangement of, 

relationships between and inclusion of the parts (components) in relation to a 

whole (system).  Furthermore, a system theory approach does not ignore the 

micro-level components of a system, but rather advocates for a multi-level scope 

between micro level components and the larger system(s) to which those 

constituent parts are encompassed (Von Bertalanffy, 1968). Understanding a 

system with many parts and interactions is no easy task and is necessarily 

complex.  Addressing this complexity, Boersma, Waarlo and Klaassen (2011) 

provide a synthesis of the characteristics of system theory and identify biological 

examples for each (p. 192): 

1. Systems have an identity, which makes it possible to identify them as 

objects.  Not all biological systems have a distinct systems boundary.  

Cells and organisms generally have a distinct system boundary; 

populations and ecosystems generally have not. 
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2. Systems consist of components or partial systems of the same or different 

categories, which means that a system only has its own identity, but also is 

a partial system in a higher-order system.  Biological systems’ 

components are partial systems of a higher-order system.  The levels 

according to which biological systems can be categorized are indicated as 

levels of biological organization (e.g. the cellular and the ecosystem 

level). 

3. Systems’ components (partial systems) perform functions in the system.  

In biological systems like organisms organs perform a specific function 

(e.g. organs in an organism). 

4. Systems’ components (or partial systems) are interacting with each other.  

In biological systems partial systems are interacting (e.g. the interaction 

between a predator and its prey). 

5. A distinction can be made between open and closed systems.  Open 

systems are exchanging matter, energy and/or information with the 

environment, closed systems do not.  Biological systems are open systems 

and have an input, throughput, and output of matter, energy and 

information.  Energy flows and cycles of matter can be identified. 

While system theory has permeated work in many fields, reductionist influences 

and disciplinary focuses have slowed efforts of widespread implementation in the 

science classroom and have caused many unintended consequences from a system 

theory perspective.  

Mayer (1995) argues the authoritative, non-discursive, reductionist 
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approach to science education that has dominated classrooms has instilled an 

illusion of simplicity and fragmentation in a world that is absolutely complex and 

interconnected.  Furthermore, he finds that the reductionist program of science 

education has resulted in a compartmentalized, human-centric, and disintegrated 

view of science for students. Hammer and Dusek (2006) add to the conversation 

by pointing out that our current fragmented approach continues to push science 

education towards distilled science content as opposed to broader applications of 

science. In the long term, the shortcomings of this “authoritative and 

nondiscursive mode of education” give students “insufficient intellectual tools to 

evaluate the claims of science and scientists critically” (Osborne, Collins, 

Ratcliffe, Millar, & Duschl, 2002, p. 694).   

While its application is different, we can see similar cautions of a 

reductionist approach in other fields.  From a social justice lens, Santos (2009) 

argues a Freirean perspective that the reductionist approach is literally a force of 

inequity and oppression in our society, as it distances citizens from the capacities 

that empower citizens toward active participation towards a socio-scientifically 

just world.  Even the interactivist and pragmatist perspective used in many 

educational contexts reminds us that education should not be temporally stagnant 

or fragmented. Dewey (1929) states that, “because we live in a world in process, 

the future, although continuous with the past is not its bare repetition (p. 40).   

If we acknowledge the complex and changing needs of our society as they 

relate to science, and the misalignment between those needs and a reductionist 

approach to science education, we must turn to an alternative approach to science 
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education that actively opposes reductionism and seeks integration while 

simultaneously addressing the socio-scientific needs of our current and future 

population.  One approach that shares these characteristics is through the lens of 

scientific literacy. 

While the term first surfaced in the late 1950s (DeBoer, 2000), scientific 

literacy became popular in the 1960s and 1970s as an oppositional position to the 

post-Sputnik reductionism (DeBoer, 1991).  One of the greatest historic and 

present challenges presented by scientific literacy is defining the term.  Due to the 

fact that scientific issues, needs, and issues change on a daily basis, the definition 

of what comprises scientific literacy is slippery and it is couched in fragile 

temporal footings. As DeBoer (2000) states, 

“…Scientific literacy is about the understanding of science. That 

understanding is open-ended and ever-changing.  It is organic, not static.  

Because its parameters are so broad, there is no way to say when it has 

been achieved.  There can be no test of science literacy because there is no 

body of knowledge that can legitimately define it.” (p. 597) 

DeBoer continues, 

 “Scientific literacy is primarily about the level of scientific understanding 

that exists in the adult population, something that changes and grows over 

time….Ultimately, what we want is a public that finds science interesting 

and important, who can apply science to their own lives.” (p. 598) 
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DeBoer’s comments may lead to an idea of scientific literacy as some sort of 

complete and deep coverage of all present socio-scientific issues.  However, we 

would be naive to expect that such a robust and nuanced understanding can be 

developed within a traditional K-12 timeline.  Such skills and knowledge would 

require decades to develop.  We therefore must view scientific literacy not as a 

container of knowledge, because “reaching” scientific literacy may be an 

impossible goal, not only because of the vast breadth and incredible depth needed 

to claim such achievement, but also because an endpoint is contradictory to the 

view of scientific literacy as something that is measured and defined by the 

dynamic changes in our world on a yearly, if not daily basis. 

 Rather than viewing scientific literacy as some container to fill for 

students, we should view it as a set of skills that are transferable to many new 

situations, that allow students to dissect, evaluate and engage in important 

scientific issues as they encounter them through their life.  To that end, this study 

uses the definition of scientific literacy developed by Holbrook and Rannikmae 

(2009): 

“Developing an ability, to creatively utilize appropriate evidence-based 

scientific knowledge and skills, particularly with relevance for everyday 

life and a career, in solving personally challenging yet meaningful 

scientific problems as well as making, responsible socio-scientific 

decisions…Develop collective interaction skills, personal development 

and suitable communication approaches as well as the need to exhibit 
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sound and persuasive reasoning in putting forward socio-scientific 

arguments.” (p. 286) 

While science education is still overly compartmentalized through 

reductionism in general, and our commitment to teaching within disciplines, 

system theory has gained momentum in educational research circles and also at 

the classroom level in recent years (Hogan, 2000).  The Earth sciences in 

particular have seen great efforts towards scientific literacy through the use of 

system theory principles. Researchers have shown that a system-based education 

has the ability to reintegrate scientific disciplines, stretch disciplinary boundaries, 

and connect seemingly disparate fields and disciplines towards (Ben-zvi-Assarf & 

Orion, 2005).  Systems education in the science classroom has also been shown to 

improve scientific reasoning, evaluation of qualitative and quantitative data, and 

understanding of the Earth as an integrated network of systems (Hoffman & 

Barstow, 2007).   

Systems theory has been used to integrate knowledge otherwise learned in 

isolated disciplines.  Students exploring science through a system theory approach 

are asked to: identify and organize components, relationships and processes 

within the system; make generalizations and predictions; understand dynamic and 

cyclic characteristics of systems; identify hidden dimensions of a system; and 

think temporally by utilizing cognitive processes of retrodiction and prediction 

(Kali, & Orion, 2005, p. 387; Ben-zvi-Assarf & Orion, 2005, p. 523; Kali, Orion 

& Eylon, 2003, 545-548).   
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While teaching from a systems perspective continues to go against the 

grain of a reductionist approach, Mayer (1995) reminds us of the logic embedded 

in a systems-based science education when he argues, “any physical, chemical, or 

biological process…can and should be taught in the context from which the 

particular process was taken for examination: its Earth subsystem” (Mayer, 1995, 

p. 385).  Even from a purely “scientific training” perspective, we should note that 

understanding Earth as a dynamic system is the dominant paradigm of Earth 

science research today (Hoffman & Barstow, 2007), which suggests that we 

would do well to incorporate a systems emphasis in science education even from 

a specialist training perspective. 

The benefits of systems-based science education continue to be explored 

by researchers and practitioners.  However, there are certainly critiques of using 

system theory in the classroom.  One critique is the obvious difficulty of 

implementing such a complex thinking model even for high school students.  

While not denying the task is challenging, recent studies show that intentionally 

designed and executed implementations of system thinking have been effective 

not only in high school classrooms (Kali, Orion & Eylon, 2003; Ben-zvi-Assarf & 

Orion, 2005), but at the primary level as well (Evagorou, Korfiatis, Nicolaou, & 

Constantinou, 2009).   

A second common critique addressed by recent research (Booth & 

Sweeny, 2000; Evagorou et al. 2009) is that system thinking can lead to an overly 

macro-level approach to science education, resulting in content knowledge gaps 

for students.  Evangorou et al. heeded this caution and paid increased attention to 
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the blend of systemic concepts and micro-level science knowledge, achieving the 

balance through an intentional integration of specific content knowledge into the 

larger Earth system.  The system approach has benefits not only for a holistic 

view of science, but for individual processes and concepts.  Booth and Sweeny’s 

findings confirm the ability of systems education to provide both broad 

conceptualization and familiarity with domain-specific knowledge.  Beyond the 

growing consensus in academia of the importance of a systems-based approach to 

science education towards scientific literacy, recent years have seen a formal 

endorsement of these principles from several nationally recognized frameworks 

for science education.  Namely, the Earth Science Literacy Principles (Earth 

Science Literacy Initiative, 2009), grounded on the work of the NSES and the 

American Association for the Advancement of Science (AAAS), provides 

additional recommendations for increased attention to an integrated earth science 

educational program if we are to cultivate a scientifically literate population.  

Furthermore, the Benchmarks for Scientific Literacy (American Association for 

the Advancement of Science, 2009) repeatedly advocate for a unified system 

focus, inquiry-based learning emphasizing dynamism and bias, and a strong call 

for scientific literacy, regardless of career and specialization.  

More recently, A Framework for the New K-12 Science Education 

(Committee on Conceptual Framework for the New K-12 Science Education 

Standards & National Research Council, 2012) informs the Next Generation 

Science Standards and leads to further decompartmentalization of science 

education. The entire framework uses scientific literacy and systems theory 
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concepts throughout its discussion of three dimensions of science education.  The 

second dimension of study in particular, entitled “Cross-Cutting Concepts,” is a 

strong statement that solidifies the importance of systems theory within the future 

of science education. The word “system” (or derivation thereof) is used 124 times 

and the section includes a 23-page section dedicated to the integration of all core 

concepts of the framework. The crosscutting concepts used to accomplish this are 

as follows. 

1. Patterns. Observed patterns of forms and events guide organization and 

classification, and they prompt questions about relationships and the 

factors that influence them. 

2. Cause and effect: Mechanism and explanation. Events have causes, 

sometimes simple, sometimes multifaceted. A major activity of science is 

investigating and explaining causal relationships and the mechanisms by 

which they are mediated. Such mechanisms can then be tested across 

given contexts and used to predict and explain events in new contexts. 

3. Scale, proportion, and quantity. In considering phenomena, it is critical to 

recognize what is relevant at different measures of size, time, and energy 

and to recognize how changes in scale, proportion, or quantity affect a 

system’s structure or performance. 

4. Systems and system models. Defining the system under study specifying 

its boundaries and making explicit a model of that system provides tools 

for understanding and testing ideas that are applicable throughout science 

and engineering. 
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5. Energy and matter: Flows, cycles, and conservation. Tracking fluxes of 

energy and matter into, out of, and within systems helps one understand 

the systems’ possibilities and limitations. 

6. Structure and function. The way in which an object or living thing is 

shaped and its substructure determine many of its properties and functions. 

7. Stability and change. For natural and built systems alike, conditions of 

stability and determinants of rates of change or evolution of the system are 

critical elements of study. (p. 84) 

As these frameworks indicate, systems theory is not only an important concept for 

the future of science education research, but also for the practice of science 

education in the classroom.  One system that has great potential for both research 

and instructional outcomes is global climate change, which incorporates its own 

set of scientific literacy skills, climate literacy principles (U.S. Global Change 

Research Program & U.S. Climate Change Science Program, 2009).  Designed in 

parallel to the concepts set forth by the National Science Education Standards and 

the American Association for the Advancement of science Benchmarks for 

Science Literacy, the climate literacy principles encompass the essential concepts 

that individuals and communities must understand in order to navigate the current 

information around climate change.  These principles are: 

1. The sun is the primary source of energy for Earth’s climate system, 

2. Climate is regulated by complex interactions among components of 

the Earth system, 

3. Life on Earth depends on, is shaped by, and affects climate, 
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4. Climate varies over space and time through both natural and man-

made processes,  

5. Our understanding of the climate system is improved through 

observations, theoretical studies, and modeling, 

6. Human activities are impacting the climate system, and 

7. Climate change will have consequences for the Earth system and 

human lives. 

These principles, further informed by the aforementioned work of researchers in 

the Earth sciences and systems thinking (Mayer, 1995; Booth and Sweeny, 2000; 

Kali, Orion & Eylon, 2003; Assaraf & Orion, 2005; Hoffman & Barstow, 2007) 

form the eight foundational principles used for data analysis in this study.   

Based on the aforementioned literature and research, specifically A 

Framework for the New K-12 Science Education (Committee on Conceptual 

Framework for the New K-12 Science Education Standards & National Research 

Council, 2012), the climate literacy principles (U.S. Global Change Research 

Program & U.S. Climate Change Science Program, 2009), and areas of specific 

challenge identified by researchers of system thinking in the Earth sciences 

(Mayer, 1995; Booth and Sweeny, 2000; Kali, Orion & Eylon, 2003; Assaraf & 

Orion, 2005; Hoffman & Barstow, 2007), this study focuses on eight skills 

necessary to adequately explore complex systems; these skills act as a conceptual 

framework for data analysis in the study:  

1. Identify and organize components in systems 

2. Identify and organize relationships and processes in a system;  
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3. Demonstrate understanding of hidden dimensions of a system;  

4. Demonstrate understanding of dynamic and cyclic characteristics of 

systems;  

5. Demonstrate understanding of temporal scale by utilizing cognitive 

processes of retrodiction and prediction;  

6. Demonstrate understanding of spatial scale by making generalizations 

from micro to macro levels of system characteristics,  

7. Demonstrate application of macro concepts to exemplar events and 

situations,  

8. Describe strong inter-system connections (between geosphere, 

atmosphere, biosphere, hydrosphere and sociosphere).   

 One tool that has been used extensively (to varying degrees of success) for 

exploring complex systems is concept mapping.  This study uses concept mapping 

in conjunction with other data collection tools.  Some of the underpinnings of 

concept mapping as it informs this study are presented next. 

 

Concept Mapping 

Stemming from a constructivist approach to education and assessment, 

concept maps offer the unique ability to act both learning and assessment tools.  

Furthermore, concept maps allow a unique perspective into metacognition of 

students, assimilation of new concepts, and connections within existing cognitive 

frameworks which are critical aspects of both system thinking and meaningful 

learning (Novak & Cañas, 2008). 
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Among the most valuable characteristics of concept mapping is the fact 

that their completion does not require the creator to battle with language as much 

as other assessment techniques (Marzano, 2010). Language and vocabulary are 

certainly important aspects of scientific literacy, and the nature of concept maps 

may limit the amount of linguistic evidence in this collection period.  However, 

when we consider that we will gain linguistic data from the scenario activity, the 

unique insight offered by concept maps outweighs the importance of adhering to 

strict linguistic structures and precise vocabulary in this study that involves 

multiple types of data. 

“The reality is that unless students possess at least a rudimentary 

conceptual understanding of the phenomenon they are investigating, the 

activity may lead to little or no gain in their relevant knowledge and may 

be little more than busy work.” (Novak & Cañas, 2008, p.4) 

Novak and Cañas (2008) identify three main areas of importance while 

assessing the quality of a concept map, (a) the propositions consisting of two 

concepts (nodes) with a connection between the nodes, (b) the hierarchy of the 

map in which general concepts are discernable from more specific/less general 

concepts, and (c) the crosslinks between different areas of the concept map that 

indicate integration of new knowledge.  However, in some contexts, attention to 

hierarchy in the concept maps may actually hinder the ability to recognize cyclical 

and systemic components of the concept maps (Novak & Cañas, 2008).  Our 

knowledge is organized in ways other than hierarchically, and complex systems 
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such as climate change certainly call for a collection tool that does not require 

strict hierarchical organization.  As Ben-zvi-Assarf and Orion (2005) add,  

“Nonhierarchical maps are often more revealing due to the greater 

diversity of patterns that they admit.  Also, constructing a map in the 

context of understanding the system requires a complexity of links 

between the concepts, which might be ignored with hierarchical maps.” (p. 

529) 

Despite the seemingly “messy” complexity that can develop as a result of 

a concept mapping activity, it should also be noted that concept maps may 

condense data into a concise package that can provide the reader with much more 

accessibility than an interview transcript.  Such transparency of data may 

encourage further conversation, argumentation, and analysis by the reader. 

Finally, concept maps offer a unique assessment tool because they 

communicate both the quality of understanding (demonstrated by the actual 

content of the nodes and connections between), but also the structure of 

understanding (demonstrated through the actual organization of the map) (Novak 

& Gowin, 1984; Novak & Canas, 2008).  For these reasons, concept maps are an 

important aspect of this research project.  

Before moving into the study itself in which concept maps are used, we 

turn now to a review of literature of climate change. Within the research on 

climate change, I first explore the critical importance of beliefs and attitudes that 

teachers and students draw on prior to, throughout, and after classroom-based 

explorations of GCC.  



   29 

Beliefs and Attitudes in Global Climate Change 

Student beliefs and attitudes towards a topic influence their willingness 

and ability to engage in and explore the topic (Osborne, Simon & Collins, 2003), 

and specifically socio-political topics such as climate change (Devine-Wright, 

Devine-Wright & Fleming, 2004).  Recent studies have explored the correlation 

between increased science learning and increased social activism in students 

(Lester et al, 2006), the correlation between political news attentiveness and 

negatively predicted risk awareness of GCC (Zhao et al, 2011), as well as the 

fluxes in public risk awareness and decreased trust of scientists (Leiserowitz et al, 

2010). Rye & Rubba (2000) also acknowledge the richness of GCC as a suitable 

topic for exploring the interaction between scientific content and student beliefs. 

While many studies have contributed to our increased understanding of 

how student beliefs and attitudes impact GCC education, the most helpful study 

for our purposes is the “Six Americas” project, a series of national surveys 

eliciting adult beliefs and perceptions around GCC.  As indicated by its title, the 

study separates respondents into six categories based on their responses: alarmed, 

concerned, cautious, disengaged, doubtful, and dismissive.  Figure 1 shows the 

continuum upon which these six categories are organized, as well as the 

percentage of Americans as surveyed in March of 2012.  As the figure shows, 

there is a wide range of attitudes towards climate change.  
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While there is variation within the six categories in Figure 1, the 

categorical labels do serve in providing broad-level information about those who 

are coded in those categories based on their responses to the survey tool used.  A 

summary of the categories and their general attributes is provided below. 

• Alarmed:  Respondents categorized as Alarmed are described as being the 

most engaged in issues around climate change and global warming, are 

convinced that human action is a major cause, are convinced that it is 

already happening and will continue to happen at a rapid rate, and that it is 

a major threat that should be actively mitigated.  Respondents in the 

Alarmed category are actively changing their lives and advocating for 

large-scale change politically and socially to mitigate the threat. 

• Concerned:  Respondents categorized as Concerned are also described as 

being engaged in issues of climate change and global warming, although 

they demonstrate less action and involvement in these issues and 

mitigating actions than the Alarmed respondents.  However, Concerned 

respondents are convinced it is happening and are in support of large-

                  Figure 1. Proportion of the U.S. adult population in the “Six Americas” as of March 2012. 
(Leiserowitz et al., 2012, p.13) 
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scale, national response to the issue. Concerned respondents generally 

demonstrate less personal involvement than those in the Alarmed 

category. 

• Cautious:  Respondents categorized as Cautious demonstrate a belief that 

global warming and climate change are a problem.  However, Cautious 

respondents are less sure of its causes and scale (compared to Alarmed and 

Concerned respondents).  Further, Cautious respondents are less likely to 

view these issues as immediate threats and do not believe urgent action is 

necessary.  

• Disengaged:  Respondents categorized as Disengaged demonstrate that 

they haven’t considered the issues of climate change and global warming 

and therefore report that they do not know much about the issues 

themselves.  These respondents report that they could change their opinion 

about the issues based on new information.  Of all the categories, 

Disengaged respondents could be most aptly described as those “on the 

fence” because of lack of information and experience. 

•  Doubtful: Respondents categorized as Doubtful demonstrate a range of 

beliefs about whether global warming and climate change are happening.  

From the national survey, the Doubtful respondents are equally split 

between those who belief it is occurring, those who do not believe it is 

occurring, and those who are unsure.  The majority of Doubtful 

respondents believe natural causes are to blame (not human-caused), if it 
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is happening at all.  Doubtful respondents generally believe that any 

harmful effects will be mild, if there are adverse effects at all.!

• Dismissive:  Respondents categorized as Dismissive are actively engaged 

in issues of climate change and global warming (similar to the Alarmed 

respondents).  However, Dismissive respondents believe that climate 

change and global warming are not happening, that it poses no threats 

whatsoever, and therefore see no need for action or response. 

(Leiserowitz, Maibach, Roser-Renouf & Hmielowski, 2012) 

Considering the literature in the field that explores how attitudes impact 

learning, the vast spectrum of attitudes suggests that learning may be impacted in 

a similarly vast range of ways.   The analysis of Leiserowitz and his colleagues 

since 2008 (Leiserowitz et al, 2010; Leiserowitz et al, 2012) provides a valuable 

snapshot of the historic and present national landscape of beliefs and attitudes 

towards climate change.  This analysis is critically important for this study 

because the students we will work with are already situated in this landscape of 

beliefs and attitudes.  In particular, it is important to note a few implications of the 

work conducted by Leiserowitz and his colleagues: 1) while we can not hope to 

accurately assume which of the “Six Americas” students are in before soliciting 

such information, we can safely assume that students enter the issue of GCC with 

preexisting beliefs and dispositions; 2) the varying beliefs students hold 

influences what information they request, the potential assimilation or adoption of 

new information/concepts, and 3) teachers themselves are not exempt from a 

situational identity when it comes to GCC, needless to say, awareness and active 
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reflection on the teacher’s own position is critical for GCC education. 

(Leiserowitz et al, 2010; Leiserowitz et al, 2012) 

The beliefs of students and teachers undoubtedly deserve 

acknowledgement and attention when considering GCC.  As Osborne and his 

colleagues point out,  

“…attitudes are enduring while knowledge often has an ephemeral quality.  

The price of ignoring this simple fact and its implications is the potential 

alienation of our youth and/or a flight from science – a phenomenon that 

many countries are now experiencing.  There can, therefore, hardly be a 

more urgent agenda for research.”  (p. 1074) 

Beyond beliefs and attitudes, another factor must also be considered when 

exploring GCC with students, namely the complexity of the science itself.  For 

guidance on addressing these factors in this study, we turn again to literature that 

has explored challenges and misconceptions when exploring GCC. 

 

Common Challenges in Global Climate Change Education 

The breadth, depth and complexity of GCC content provides a tall order 

for anyone interested in comprehensively understanding the issues.  However, 

recent research on individual topics involved in the overarching system of global 

climate change give us insight into common misconceptions around the topic.  

The causes of these misconceptions are still a major focus of research.  However, 

several factors that have been investigated as leading to misconceptions are 

conceptual inconsistencies in high school earth science text books (Choi, Niyogi, 
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Shepardson & Charusombat, 2010) and lack of teacher preparation (Fortner, 

2001).   

Misconceptions cited in recent literature include confusions of definition 

and behavior of the hydrological cycle, the albedo effect, and aerosols (Rebich, & 

Gautier, 2005). Another cited misconception relevant to this study is the tendency 

of learners to erroneously blend environmental issues with one another, which 

results in a generalist belief that any environmentally friendly action will benefit 

any environmental issue (Boyes & Stanisstrett, 1993; Fortner, 2001).  Students 

also display trouble navigating the scale of systems and the functions within those 

systems (both temporal and physical), which hinder their ability to understand 

systems as an integrated whole (Kali, Orion & Eylon, 2003).  

In addition to these difficulties (and perhaps derivative of our discipline-

based educational system) students also vary greatly in their ability to recognize 

the cyclic and dynamic nature of systems, and instead view systems as static 

collections of components.  Finally, students have displayed difficulty considering 

the possibility of multiple causes for phenomena occurring in a system. (Kali, 

Orion & Eylon, 2003).  Furthermore, difficulties also seem to increase with age as 

evidenced in Brody’s (1993) work that found older students demonstrating more 

difficulty with system thinking skills than their younger classmates.  

While each of these misconceptions and difficulties is an important 

consideration for this study, it is important to note that the literature consistently 

points to one misconception that brings great difficulty in understanding climate 

change, the greenhouse effect.  Most commonly, researchers have found that 
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students incorrectly compare the greenhouse effect and ozone depletion, 

frequently attributing causality of one for the other (Boyes et al, 1993; Rye et al, 

1997; Koulaidis & Christidou, 1999; Andersson & Wallin, 2000; Francis, Boyes, 

Qualter, & Stanisstreet, 1993; Meadows & Wiesenmayer, 1999; Rye, Rubba, & 

Wiesenmmayer, 1997, Rye & Rubba, 2000). 

Studies also indicate that students commonly see the greenhouse effect as 

an undesired, pollution-derived problem, while failing to understand it as a 

necessary and natural mechanism to life on Earth (Koulaidis & Christidou, 1999).  

Research also indicates that students tend to view the greenhouse effect as a linear 

mechanism resulting in simplified outcomes of increased temperature and a rise 

of sea levels, not recognizing other important impacts (Andersson & Wallin, 

2000; Koulaidis & Christidou, 1999).  To make matters more complex, Andersson 

and Wallin (2000) found that the representations of the greenhouse effect for high 

school students included the idea that the greenhouse effect and global warming 

were the same phenomena altogether.  And while Boyes and Stanisstrett (1993) 

encouragingly found that most students are able to correctly identify carbon 

dioxide as a greenhouse gas, more recent research indicates that students 

frequently fail to mention any other greenhouse gases (Rye et al, 1997; Koulaidis 

& Christidou, 1999).  Rebich & Gautier (2005) confirm these conclusions and add 

that students struggle to differentiate between types of radiation including solar 

and terrestrial radiation, long wave and short wave radiation, ultraviolet and 

infrared radiation.   

Most importantly perhaps, researchers confirm that these misconceptions 
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influence the way students acquire new knowledge (Vosniadou, 1994; Vosniadou, 

Skopeliti & Ikospentaki, 2004), and that misconceptions about the greenhouse 

effect are entwined in frameworks of global warming and are used in all 

subsequent issues related to global warming (Meadows & Wiesenmayer, 1999).  

While the research and findings around misconceptions provide helpful direction, 

it is important to mention that if we only attend to misconceptions, we are 

ignoring other important areas of investigation.   

While the challenges facing climate change education are plentiful and 

complex, researchers have begun to uncover potential solutions to these 

challenges.  Recalling the work of Leiserowitz and his colleagues, we know that 

the beliefs and attitudes developed in students (through cultural and family 

influences, linguistically embedded concepts, exposure and interaction with 

media, etc.), have a strong influence on the conceptual frameworks of students as 

well (Leiserowitz et al, 2010).  Thanks to the various research approaches to this 

subject, we begin to see the multitude of factors that influence a student’s 

conceptual framework around socio-scientific issues such as GCC and ways we 

may best approach these topics with students. 

Many researchers have posited that Earth science and Earth systems 

pedagogical practices can be used effectively in a GCC context.  Particular 

success has been noted when instruction focuses on concrete, real world situations 

(Koulaidis & Christidou, 1999; Rule & Meyer, 2009).   This focus can be 

accomplished by utilizing tools such as scenario-based activities, primary sources, 

materials from public media, and model eliciting activities (Hamilton et al, 2008).  
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Because of the immensity of climate change as a socio-scientific issue and 

its growing inclusion in many classroom settings, the importance of the existing 

literature cannot be overstated.  System theory, scientific literacy and research on 

Earth systems and climate change all provide strong foundations from which this 

study builds. However, as noted in chapter 1, this study moves beyond these 

bounded topics towards a systems approach that encompasses climate change in 

its broader systemic scope, as a context of intersection between multiple 

influences and factors that are discussed in the coming pages.  We now turn to the 

methods for the study that are developed to attend to the specific research 

questions, while maintaining the importance of a systemic approach the those 

questions. 
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Chapter III:  Background, Design and Methodology 
 

At this point, it is important to echo our research question prior to 

discussing the foundational attributes of the study: 

- “How do differences in content knowledge, system theory skills, social 

influences, beliefs and attitudes towards climate change influence overall 

conceptualizations of climate change in an environmental science high 

school classroom?” 

With this aim in mind, this chapter describes the foundational footholds for the 

study.  I begin with a brief statement of my own personal background and 

epistemological views that have certainly played a part in all aspects of the study.  

I then discuss paradigmatic and theoretical underpinnings of the work before 

turning to the setting, context, and overall methodology and methods used in the 

study.  The chapter concludes with a discussion of the limitations involved in the 

study. 

 

Researcher Background 

 This section is intentionally placed at the forefront of all methodological 

discussions, because the background of the researcher informs their views and 

influences (intentionally and otherwise) all aspects of a study (Finlay, 2002).   

The first point that begs disclosure is that my educational path has made me 

somewhat of a generalist in terms of content.  Drawing on an undergraduate 
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career in philosophy, teacher education heavy in mathematics and eventually 

Spanish, and masters and doctoral work in science education, I have delved into 

many content areas throughout my life.  While this path has provided the benefits 

of a generalist perspective (and perhaps an ability to think outside of the box), it 

has also provided less depth of knowledge in any single field than I would prefer. 

I believe this aspect of my life makes system theory not only interesting on an 

academic and personal level, but perhaps it has led me to system theory, scientific 

literacy and the socio-political issue of climate change as it allows me to employ a 

generalist knowledge base.  Furthermore, my generalist background certainly 

plays a role in my ontological and epistemological views discussed in the next 

section. 

Another point worthy of disclosure in relation to the study is my 

background in school settings.  I first became interested in teaching and education 

while I was an undergraduate student at a small liberal arts university in 

Minnesota where I taught students at a local rural high school who spoke English 

as a second language.  Since that catalytic moment, I have worked in worked in 

urban school settings in Guatemala, California and Minnesota and have taught in 

elementary, middle and high school settings.  For seven of those years in the 

classroom, I have also been a student and researcher at the university level.  This 

experience has often led me to reflect on this dual world of academia and 

classroom practice.  I often think of former students when immersed in the theory 

and occasional abstraction of academia, and reflect on the theoretical implications 

of a lesson I give.  At times these worlds seem completely compatible and at other 
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times I sense a wedge driven between the seemingly practical world of applied 

classroom instruction and the seemingly abstracted world of theoretical academia.  

While neither environment should be painted in such broad strokes, I do so to 

illustrate a tension that has ebbed and flowed throughout my career as it 

undoubtedly impacts all research I enter into. 

Beyond these considerations, I find it necessary to disclose that I was 

raised in an upper-middle class family, attended parochial schools from 

kindergarten thru college and carry countless unearned privileges as a white, able-

bodied, English-speaking, middle class male with an advanced education.  I 

attempted in this work, as in all my work, to operate with the knowledge that I 

carry countless biases and conceptions based on my own identity. This may shed 

light on my agreement with a the post-modern critique of research, particularly 

the belief that a human researcher’s identity and lived experience have 

considerable impact on a study as it determines perspective of the researcher, 

entails bias, and determines the overall positionality of the researcher.  As 

Erickson (1990) states, if we base our investigations and reporting in our own 

biases, they may become more fair, honest and helpful through transparency and 

reflection.  Furthermore, Corbin and Strauss (2009) remind researchers that, “we 

don’t separate who we are as persons from the research and analysis that we do. 

Therefore we must be self reflective about how we influence the research process 

and, in turn, how it influences us” (p. 11). 

While reflective journaling was used as the primary means of attending to 

these biases, I mention them explicitly to the reader in the hopes that she/he is 
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more empowered to imagine new ways my background and identity impact all 

aspects of this work. 

 

Epistemology 

To paraphrase Daly (2007), a researcher’s own epistemology is the 

primary source of direction for any project (p.22).  I agree with Daly’s assertion 

and recall the previous section to mention that my epistemological views today 

have and continue to be informed by my life experience, specifically my 

professional background that has ingrained a generalist perspective to most areas 

of study. 

I believe that all research and all ideas in general, are built on a mixed 

epistemological platform.  I am quick to admit that I am indebted to countless 

ideas and theories: those I agree wholeheartedly with, those I have borrowed 

piecemeal from, and those I staunchly disagree with.  Even when our idea directly 

opposes another, the idea that we push against deserves thanks as it provided a 

foothold in the world from which we were able to better navigate.   

In keeping with the ideas above, I do not try to firmly situate myself in one 

of the two major epistemological camps, objectivist nor subjectivist.  With that 

said, I openly employ methods that seem objectivist in nature.  That is, the use 

and design of some methods of the study hint toward the idea that there can be 

some knowable truth, such as the surveys and some of the screening analysis 

conducted in the first phase of data collection (discussed in the coming chapters).  

However the study also employs methods that seem subjectivist in nature, that do 
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not assume to reach towards a singular truth (open ended interview questions, 

open ended problem-solving tasks, etc.).  With that said, I ask the reader to be 

slow in drawing strict correlations between methodological and epistemological 

aspects of this study (e.g. lumping quantitative methodology with objectivism, 

linking qualitative methodology with subjectivism). Methodologies and 

epistemological views, while often used in tandem and therefore shackled to one 

another in research discourse are not necessarily and exclusively linked (Daly, 

2007), as is the case in this study.   

While I see great value in having a concrete epistemological position that 

falls within the parameters of either an objectivist or subjectivist camp, I align 

myself with the view that epistemology does not need to fall neatly into one of 

two camps.  Rather, I believe ones epistemology may fall somewhere between 

these positions on a continuum as Miles and Huberman suggest (1994).  For 

example, on the objectivist hand, I rely heavily on bodies of information that I 

believe to be reliable and well-founded truths.  However, on the subjectivist hand, 

I operate frequently from a post-modern critique of research, knowing that while I 

may use and even discover many truths (lower case “t”), the actual Truth (capital 

“T”) of any individual’s beliefs, attitudes, knowledge, thinking, etc., can never be 

fully known by another.  When I consider that in the coming pages, I convey 

findings of this study, and communicate about my interpretations of the data, I am 

reminded of Wolcott’s (1999) statement that writing is an act of arrogance, as 

well as  Denzin’s (1994) assertion that “in the social sciences there is only 

interpretation. Nothing speaks for itself” (p. 509).   
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While these ideas may seem to lead in the direction of radical relativism 

that abandons the pursuit of any usable knowledge, the epistemological hopes of 

this study couldn’t be more different.  Rather, this project seeks a deeper 

knowledge of different types of students, and within these individual cases the 

project seeks truths. To paraphrase Corbin and Strauss (2008), we know only 

what we know at this moment in time, although our present knowledge may later 

be found incomplete or wrong altogether.  Despite this, “the accumulation of 

knowledge s no mirage…social knowledge is certainly cumulative and provides 

the basis for the evolution of thought and society” (p. 4).   In line with a 

collectivist approach to knowledge, I firmly believe the potential exists to 

discover great things in small ones (Sahlins, 1999), and that emic knowledge and 

experience in all its contextual specificity can be equally potent and perhaps more 

relevant than grand narratives and attempts at generalizable Truths.  As a final 

nod to the power of this epistemological stance, Miles and Huberman (1994) state 

that well designed research endeavors stemming from a constructivist and 

subjectivist perspective (often qualitative work, which we discuss in the following 

sections), “have a concrete, vivid, meaningful flavor that often proves far more 

convincing to a reader, - another researcher, a policymaker, a practitioner – than 

pages of summarized numbers” (p.1). 

While subscription to a certain perspective is not my goal, I also recognize 

the ambiguity that may result from falling “somewhere in the middle” of the 

epistemological continuum.  Therefore, while I encourage the reader to approach 

this work from an epistemologically flexible position, I offer the following 
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theoretical cairn with which the readers may orient themselves.  For the sake of 

orientation within the existing literature, I point the reader to Miles and 

Huberman’s (1994) “transcendental realism,” which asserts that phenomena exist 

in the mind, but also in the world itself as they manifest themselves as 

regularities, patterns and relationships emerging from the collection of 

phenomena.  Not only that, but the phenomena in our heads (subjective) certainly 

become real as they are acted upon and brought into the social world.  These 

realities, patterns and regularities can be studied and used for the sake of better 

understanding our world (p. 4).   

Finally, in terms of its temporal situation in the field of research, I view 

this work within the analogy of the Burkean Parlor (Burke, 1973), knowing that 

my work is neither an end point nor a starting point.  Rather, after having a chance 

to “listen” to the ongoing conversation around these issues for a time, I hope to 

enter the conversation in the hopes that my contributions spur further discourse, 

opposition, argument, questions and curiosity. 

 

Paradigm and Methodology 

In keeping with my aforementioned epistemological views, this project is 

based on a perspective of social constructivism insofar as I believe that 

knowledge construction is an active process in the mind of individuals and 

communities.  Humans do not find knowledge, but rather construct and create it 

as we try to organize and make sense of a complex world.  Finally, this study 

operates under the perspective that individuals and communities revisit, 
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reevaluate, change and add to these knowledge creations as a result of new 

experiences. (Schawndt, 1998).  The data coding, analysis and presentations of 

data for this study follow suit with a social constructivist perspective and 

intentionally resist a positivist tone by emphasizing my own involvement, 

interpretations and lack of a direct link to the participant’s cognition and 

conceptual frameworks in any perfect sense.  However, while interpretations are 

always imperfect representations of the phenomena in question, this study takes 

steps to ensure that these interpretations are both plausible and robust. 

The social constructivist paradigm may be applied to countless qualitative 

research methodologies, even while there is continuing debate around definitions 

and boundaries of research paradigms and methodologies (Patton, 2002). The 

methodology used in this study can best be described as a mixed methods project 

using a quant-QUAL model (Tashakkori & Teddlie, 2003), beginning with a 

shorter, broad-level quantitative phase to identify a typology and then cases for 

the second, more in depth part of the study involving a qualitative case analysis of 

six participants of different types found in the larger class. 

The major qualitative component of this study is guided by Lincoln and 

Guba’s (1985) recommendations for quality qualitative research, including the use 

of prolonged engagement in the field, triangulation, peer debriefing, negative case 

analysis, thick description, member checks and reflexive journaling (p. 373). The 

study also strives for trustworthiness through strong attention to researcher 

positionality (Lincoln & Guba, 1985) as discussed in previous sections as well as 

throughout the study through the reflection journal (Eisner and Peshkin, 1990) to 
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address issues of researcher subjectivity.  The methods to achieve these 

recommended standards are discussed in the following sections. 

The case study methodology used in the second phase when looking at the 

six cases was chosen for its specific fit to the inquiry at hand.  Seeking a deeper 

understanding of these student’s content knowledge, system theory skills, social 

influences, beliefs and attitudes, and how those factors impact the overall 

conceptual framework of climate change for a student, the case study approach 

provides a framework for this type of deep analysis with extended time in the 

research setting, extended time spent with a subgroup of participants, an iterative 

coding schema and interpretivist presentation of the data. 

One of the tasks of a case study is to specifically draw boundaries around 

the case being studied in terms of time, place and participants (Cresswell, 2007).   

To this end, the study is bounded in time by a 12-week engagement in the field.  

The case is bounded in place by one classroom at a high school in St. Paul, MN.  

Finally, six high school students, determined by careful case selection through the 

first, quantitative portion of the study, determine the participant boundary of the 

case.  These attributes of the study are discussed at greater length in the following 

sections. 

 

Setting & Participants 

This study took place at a private high school in the upper Midwest, where 

I worked as a teacher for four years). The study focused specifically on one 

section of advanced placement (AP) environmental science (APES), offered as an 
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elective for 11th and 12th grade students.  It is important to note that prior to the 

start of the study, the teacher had not begun work on climate change with the 

class.  The climate change unit began after the first cycle of interviews during the 

second phase of the study.  The phases are discussed in more detail in the pages to 

follow. 

Because this study consists of two stages, it consists of two participant 

pools.  The first, quantitative phase of the study involves twenty-five 11th and 12th 

grade students in the APES course.  Inclusion in the study was be determined by 

enrollment and those for whom participant assent and guardian consent was 

received.  The second phase of the project targeted six students from the class, 

representing six types of student in the overall class.  The process by which these 

six participants were selected is discussed at the end of chapter 4. 

The school setting for this study is an urban catholic school with a 

substantial tuition cost (yet the tuition is among the lowest for private schools in 

the area), however approximately half of the students receive financial aid 

support.  The school has a strong sports tradition, an increasingly strong arts and 

theater program, and historically sends more than 94% of their students to post 

secondary institutions. Two-thirds of the faculty has advanced degrees and more 

than half have worked at the same school for ten or more years.  These attributes 

lead to some homogeneity amongst students (e.g. relatively high academic 

performance).  However, within this relative homogeneity, the school has 

surprising areas of heterogeneity such as ideological and political diversity as the 

school’s history, alumni, community, current staff and students create a meeting 
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place for a diverse range of beliefs and political leanings.  For example, the school 

has a strong ROTC (military) tradition that operates alongside and at times in 

tension with a strong tradition of liberal social ideology stemming from Catholic 

social teaching.   

The unique blend of institutional attributes lend themselves to a setting 

that is relatively homogeneous in terms of high academic achievement, yet holds 

significant diversity in terms of political and ideological perspectives.  Because of 

this unique blend of characteristics, this is a rich site for exploring the research 

question at hand, specifically how divergent beliefs, attitudes, and social 

influences impact students’ conceptualization of global climate change. 

While the classroom instruction itself was not the subject of this particular 

study, that instruction, particularly around climate change, was an important 

factor in the study.  For this reason, I provide a brief description of what was 

taught by the teacher over the course of the entire study as well as what was 

taught specifically within the two-week climate change unit.  Overall, the teacher 

followed the college board AP guidelines for the course.1 

 The APES course followed a curriculum that had been used for four years 

by the same teacher with what she called “minor changes to the content” as well 

as “several reorganizations and changes to the sequence of units.”  The four 

weeks leading up to the climate change unit (when the first phase of the study was 

                                                
1 The College Board guide for the AP Environmental Science course, used by the 
teacher, is available at http://apcentral.collegeboard.com/apc/public/repository/ap-
environmental-science-course-description.pdf.  Pages 6-11 provide the scope and 
sequence followed by the teacher over the course of the year. 
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conducted in the classroom as well as the first of three interviews with focus 

participants) were focused on discussing three different types of pollution: noise 

pollution, water pollution and solid waste pollution (immediately prior to the start 

of the study, the class had completed a discussion of air pollution).  During this 

discussion of types of pollution, the class did considerable reading, small group 

work, three laboratory activities and heard from two guest speakers.  One of the 

guest speakers came from the Metropolitan Airports Commission to discuss noise 

pollution mitigation efforts for neighborhoods surrounding the nearby airport.  

The second guest speaker came from a local waste company to discuss a new 

recycling program in the city, a proposed communal composting system for 

residents as well as the solid waste removal system used by the company to create 

fuel.   

 After this series of units around types of pollution, the class started the 

unit on climate change.  This two-week unit focused on three major topics:  

stratospheric ozone, global warming, and loss of biodiversity.  The first section of 

this unit, stratospheric ozone, was primarily delivered by the teacher in the form 

of reading assignments, short video clips and work from a text book which 

covered topics of ozone formation, ultraviolet radiation, causes and effects of 

ozone depletion, as well as ways ozone depletion could be mitigated.  The second 

section of the unit, global warming, began with a portion of the film “An 

Inconvenient Truth” and continued to discuss several topics more in depth.  Those 

topics included greenhouse gasses and the greenhouse effect, the effects and 

causes of global warming, ways of reducing global warming and an exploration of 



   50 

some legal components of climate change (e.g. Kyoto Protocol).  Finally, the third 

section covered issues of biodiversity loss.  The class had a guest speaker from a 

local raptor center as well as a representative from the Department of Natural 

Resources during this portion of the unit.  The class explored causes and effects of 

habitat loss, ways of mitigating habitat loss through conservation efforts, and 

endangered and non-native species issues.  Interestingly, there were no explicit 

connections between these sub-topics within the units (e.g. the relationship of 

ozone to greenhouse effect was not addressed by the teacher or the materials used 

during the unit).  The weeks following the climate change unit were spent on 

ways that types of pollution as well as global warming effects impacted human 

health, environment and society.   

In the next two chapters, I describe the data collection and analysis for the 

two phases of study.  These chapters and sections therein are laid out 

chronologically as they occurred since the first phase collection and analysis is 

vital information to understand the case selection, data collection and analysis for 

the second phase of the study. 
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Chapter IV:  Phase One Data Collection, Analysis and Initial Results 
 

The first phase of data collection took place during the first two weeks of 

the study and used several collection tools to provide an overview of the content 

knowledge, system thinking skills, beliefs and attitudes towards climate change 

for all students in the classroom. This phase uncovered various types of student in 

the class. This typology then informed the case selection of stix students for the 

second phase of the study, which is discussed later in this chapter.Again, at this 

point in the study, no instruction around climate change had taken place in the 

class.  The climate change unit began midway through the second phase of the 

study.   

It is important to acknowledge the inability to access student 

understanding in any direct or complete way from the tools described below.  

Indeed, developing a robust picture of student knowledge or conceptual framing 

was not the intention of the first portion of the study with the larger sample size 

(n=25).  Rather, the first portion of the study and the data collected therein was 

intended to discover diversities, develop a typology of cases in the class at the 

intersection of content knowledge, system thinking skills, beliefs and attitudes, 

and in doing so inform the case selection for the second phase of the study with 

the smaller sample size (n=6). 

During the first phase, six different data sources were used for the purpose 

of triangulation.  These data points include (a) a reflection journal, (b) field notes 

during instruction in the APES class, (c)  a content survey of student knowledge 
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pertaining to the hydrosphere, (d) a survey of beliefs and attitudes toward climate 

change, (e) a content survey of climate change, (f) a written response to an 

farming scenario, and (g) a concept map response to the same farming scenario. 

Each tool is described in more detail below and colelction tools are provided as 

appendices.  

  

Reflection Journal 

During the study, I kept a reflection journal.  Because of the fact that the I 

knew some of the students in the course from his teaching experience at the 

school, the a reflection journal became a helpful tool in attending to any bias 

towards those or other students.  Through this tool, I was able to identify students 

who emerged as “favorites” at different parts of the study.  While it was tempting 

to maintain some level of external objectivism by not recording or aknowledging 

the biases that emerged towards certain students (and how those biases changed 

dramatically throughout the study),  the reflection journal provided an invaluable 

place to record those reflections.  Not only did it act as a record of how those 

biases may impact the study over time, but it also gave official voice to my 

epistemological beliefs that researcher bias is not only unavoidable, but can act as 

a benefit to a study when aknowledged and processed through the lens of the 

study.   

Having said this, reflection journal was not directly used to answer the 

research question, but rather to act as a control for bias, negative case analysis and 

to provide a regular ritual for me to track changes in thinking, methods and 



   53 

approach through the weeks of the study. Furthermore, the reflection journal 

aided in providing a repository for reflections on how the planned purposes and 

cautionary considerations for each collection tool were attended to throughout the 

study.   

I often used the reflection journal to recall my ontological and 

epistemological lenses in order to highlight their influence when apparent.  While 

the research journal provided helpful data for the study, especially for purposes of 

triangulation of other data, attending to potential bias and negative cases and 

reflection, the reflection journal was not formally analyzed as a stand-alone data 

set.  An entry was made to the reflection journal (a) prior to each classroom field 

note collection described below, (b) after reviewing field notes from each 

observation, (c) prior to administering each collection tool described below, (d) 

after reviewing data from each collection but prior to analysis, and (e) after each 

analysis session.  During and as a result of entries, I frequently reviewed and 

edited his own ontological, epistemological, methodological and paradigmatic 

statements, the final results of which are conveyed in the appropriate sections of 

chapter III. 

 

Field Notes  

Field notes were also taken during class periods of the APES course 

during the first and second phases of the study.  During the first two weeks of the 

study, five class periods were observed for the collection of field notes (225 

minutes of observation for the first phase).  I interacted with students, observed 
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group work, followed up with students to discuss comments or questions they had 

made earlier, and frequently helped facilitate discussions by asking questions of 

groups.  While other portions of the data collection period were driven towards a 

particular focus, I intentionally kept a wide view while collecting field notes.  In 

doing so, the field notes provided a forum for recording surprising, interesting, 

discrepant and confusing interactions, comments, or events that may have 

otherwise gone unnoticed by more focused collection tools.  In this way, the field 

notes introduced considerations of negative cases, limitations of the study, 

provided a point of triangulation for other data trends, and aided in defining the 

cases for the second portion of the study.  However, similar to the reflection 

journal, the field notes were not formally analyzed as a stand-alone data set in 

phase one. Field notes began on the first day of the study, and three days were 

spent collecting field notes prior to beginning collection of more formalized tools 

with the of building  familiarity with students in the classroom setting.  The first 

formal data collection tool given after three days of field notes is discussed in the 

following section. 

 

Hydrological Survey 

Hydrological survey collection. The hydrological survey, designed to 

elicit students’ general content knowledge of the hydrosphere was given to 

students on the fourth day of the study and provided a surface-level view into 

students’ hydrological content knowledge.  The hydrosphere was chosen as the 

topic for this survey tool because of its assumed familiarity with students through 
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informal experiences outside of school, as well as the inclusions of the water 

cycle and hydrological concepts in state standards several times prior to the 

eleventh grade.  Finally, hydrological processes and components are deeply 

ingrained in climate change, and therefore a necessary point of investigation to 

inform the holistic picture of student content knowledge.  The items on the survey 

all relate to the hydrosphere, but intentionally adddress areas of overlap with other 

systems. The hydrological survey contained 10 items and is included as Appendix 

A.   

Hydrological survey analysis.  The first survey tool assessing knowledge 

of the hydrosphere was analyzed in two ways.  First, the survey was analyzed by 

the number of multiple choice responses aligned to the expert model from the 

USGS Water Science School (United States Geological Survey, n.d.).  It is 

important to point out that this survey tool did not differentiate between “missing 

conceptions” and “misconceptions” as defined in the definition section of the first 

chapter.  A response that did not indicate “correct knowledge” according to the 

expert model was treated as an incorrect response.  Analysis of the nature of the 

incorrect response (whether a missing conception or misconception) was not 

within the purpose of this, or any other survey tool in the first phase of the study. 

One point was given for each response indicating correct knowledge on 

the survey. Secondly, the survey included an option for an explanation or 

additional commentary from participants.  These additional comments were 

reviewed insofar as they added insight into the participant’s response. I included 

the following values to arrive at a final score for the survey: 1) if a multiple-
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choice response was incorrect but had comments indicating correct knowledge, 

0.5 was added to the raw score, and 2) if a multiple-choice response was correct, 

but had comments indicating misconceptions or missing conceptions, 0.5 was 

subtracted for such a response.  It should be noted that this methodology results in 

a weighted scoring system.  This weighting is intentionally driven towards 

gaining insight into the range of student content knowledge across the classroom 

and allowing student comments to be given when deemed appropriate by the 

respondent.  This system of scoring is admittedly not intended to reach a level of 

statistical validity in and of itself, but rather to provide a picture of students’ 

content knowledge within the larger context of the phase one data at large.  The 

scoring schema resulted in a variety of potential scores for any given response, 

shown in Table 1. 

Hydrological survey results.  The results of the first survey gave a wide 

range of scores based on the above scoring method.  The lowest score on the 

survey was 2, received by two participants.  The two highest scores on the survey 

were 9.5 and 10.  The remaining participants scored within this range, resulting in 

a class-wide mean of 5.72.  The scores of participants for this first hydrological 

survey are shown in Figure 2.   
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Figure 2. Results of the hydrological content knowledge survey.   
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Climate Change Belief Survey 

Climate change belief survey collection. The second survey was given 

after the hydrological survey and was designed to identify student’s positionality 

towards climate change in terms of their beliefs and attitudes towards the 

phenomena. The survey is a paper-based adaptation of the online version of the 

Six Americas survey (Leiserowitz et al, 2010) available from KQED.2 The 15 

questions from the online tool were directly transcribed into the paper-based 

survey.  Transcribing the survey to a paper-based format alowed access to 

individual item responses for analysis and discussion with students in the second 

phase of the study.  Such analysis would not have been possible if completed 

online, because completion of the online tool simply states which of the six 

americas your responses place you in, without a summary of item responses.  

After taking the survey, responses were entered into the online survey for 

analysis.  This provided both item responses and a category for each student.  A 

paper version of the climate change attitude survey is included as Appendix B.  

The word “attitude” did not appear in the survey that participants completed at the 

request of the teacher.  At her request, the word “belief” was used as a substitute 

in the hopes of decreasing defensive reactions and responses from participants. 

Climate change attitude survey analysis.  The climate change attitude 

survey was analyzed using the Six Americas model. Surveys responses were 

entered online for each student at the website noted in the previous section.  This 

                                                
2 Online survey available at http://uw.kqed.org/climatesurvey/index-kqed.php 
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analysis placed each student in one of the six categories used to identify a 

person’s overall attitude or belief towards climate change. These six categories 

range from those who are convinced that climate change is occurring and are 

strong supporters of political and personal action to mitigate the threats and 

dangers associated with such changes (alarmed), to those who are convinced of 

the opposite, that climate change is not occurring and no response should be made 

(dismissive). The order of the categories, as they fall on the spectrum between 

these two extremes is: alarmed, concerned, cautious, disengaged, doubtful, and 

dismissive. (Leiserowitz et al., 2010; Leiserowitz et al., 2012)  At this point I do 

not go further in depth analyzing these categories because the purpose of this 

initial probe into the belief and attitudes was not to develop rich description of 

each students, but rather to aid in the process of developing a typology for the 

sake of case selection.  The nuances for each category are described in greater 

detail in the next chapter as they relate to the six focus student cases. 

Climate change belief survey results.  The survey resulted in a range of 

scores.  However, one interesting result of the survey was that study participants, 

while still representing a range of attitudes toward climate change, differed from 

the overall U.S. adult population as of March, 2012 according to the Six 

America’s research (Leiserowitz et al., 2010; Leiserowitz et al., 2012).  The 

results of the Six Americas survey for this study are shown numerically in Table 2 

and visually in Figure 3.  Both displays compare the study to all U.S. adults polled 

as of March 2012. 
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Climate Change Content Knowledge Survey 

Climate change content knowledge survey collection. The third survey, 

used to determine general content knowledge of global climate change for 

participants, was given on the fifth day of the study and consisted of 13 items. 

The items were all based NASA’s global climate change framework (Jenkins, 

Figure 3. Results of the “Six Americas” beliefs and attitude survey.   
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2012) and the online quizzes based on that framework.3 The questions from the 

online quiz were directly transcribed into the paper-based survey for the same 

reasons cited above for the climate change attitde survey.  Collecting the survey 

data in a paper-based format alowed access to individual item responses for 

analysis and discussion and would not have been possible if completed online. 

The climate change survey is included as Appendix C.   

Climate change content knowledge survey analysis. The global climate 

change survey was analyzed in the same way as the first, hydrological knowledge 

survey.  As mentioned above, it was given in a paper-based format, allowing 

commentary or notes to be communicated by participants. The expert model used 

for determining correct responses was the Essential Principals of Climate Science 

put forth by the U.S. Global Change Research Program and the U.S. Climate 

Change Science Program model (2009).  

It is important to reiterate that the survey tools, including the climate 

change content survey, did not differentiate between “missing conceptions” and 

“misconceptions.” Response that did not indicate “correct knowledge” according 

to the expert model were treated as incorrect responses, without differentiating 

between “missing conceptions” and “misconceptions.”  This level of analysis was 

not within the purpose of this, survey tool. 

In alignment with the analysis used for the hydrological survey, one point 

was given for each response indicating correct knowledge on the survey.  Again 

there was a designated space for an explanation or additional commentary from 
                                                
3 Online quiz available as “Warm Up” at http://climate.nasa.gov/quizzes/index.cfm 
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participants.  These additional comments were reviewed insofar as they added 

insight into the participant’s response. The following values were possible for 

each item on the survey, which cumulatively resulted in the final score for the 

survey: 1) if a multiple-choice response was incorrect but had comments 

indicating correct knowledge, 0.5 was added to the raw score, and 2) if a 

multiple-choice response was correct, but had comments indicating 

misconceptions or missing conceptions, 0.5 was subtracted for such a response.  

This resulted in a variety of potential scores, identical to those used in the 

hydrological survey analysis, shown again for reference as Table 3.   
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Climate change survey results. The survey analysis resulted in a range of 

demonstrated content knowledge around climate change. The lowest score on the 

survey was a 1.0 and the highest score was an 8.0.  The remaining participants 

scored within this range, resulting in a class-wide mean of 4.22, with the largest 

group of participants receiving a score of 4.0 on the survey.  The scores of 

participants for climate change survey are shown in Figure 4. 

 

  

Figure 4. Results of the climate change content knowledge survey.   
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Farming Scenario:  Written and Mapped Response 

  Farming scenario written and mapped response collection.  The final 

formal collection activity, the farming scenario response activity, took place 

during the second week of the first phase (days 6-10 of the study).  This activity 

requires more explanation as it involved an open-ended task in which students 

were asked to respond to a real world scenario, involving written, verbal and 

visual information.  

To begin this portion of data collection, a worksheet was given to the 

students to record ideas and questions.  This worksheet, titled the “Farming 

Scenario Process Sheet” is included as Appendix D.  The scenario began with 

students receiving the following scenario:  

“In southern Minnesota, a farmer is deciding whether or not to apply a 

synthetic agricultural pesticide to her field to eliminate the European corn 

borer (ECB) that has decreased crop yields in years past.  She knows the 

pesticide will eliminate the ECB, but is worried about the impacts on the 

environment.  She sends you a letter and asks that you make your best 

prediction, based on your best reasoning, of the impact her decision to 

apply the pesticide will have nearby and at-large.  She is happy to answer 

any questions you may have before you do your work.” 

Much of the information needed to make a relatively accurate prediction 

was intentionally omitted in the initial question, leaving participants to consider 

what additional information they needed to make an informed prediction. 
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Students were given three minutes to consider the scenario and think of questions 

for the farmer that they wanted answered before starting their response task. 

After three minutes considering the scenario and developing ideas, 

requests and questions, participants had the opportunity to ask clarifying 

questions about the situation.  The following is the transcript of questions that 

were asked by various students (“Q”) and the answers given to the students from 

the perspective of the farmer in the scenario (“A”). Maps and information given in 

the responses was derived from Google Maps, the Minnesota Department of 

Natural Resources (2012), and the website for Bayer Crop Science (2012).  Each 

response was given verbally and then the entire conversation was transcribed for 

students to reference: 

Q1: “What type of soil does the field sit on?” 

A1: “Oh, we have some great soil here, and we are lucky because our 

topsoil here is thicker than other folks in the area.  We have an average of about 

thirteen inches of rich, black topsoil on this particular field.  Beneath that is a 

layer of mixed soil and limestone aggregate, that layer varies quite a bit from two 

to nine inches, but the average is six inches for that layer.  Beneath that second 

layer is the bedrock layer which is mainly limestone around here.” 

Q2: “Are there any unique land forms or man-made features in the area?” 

A2:  “Yes, I’ll give you a few maps of the area.  This field is on a little 

bluff area and we have your normal roads and other farms around.  I’ll give you a 

few maps here.  I have some topographical maps, some satellite maps and some 

road maps that will show you both the immediate and surrounding areas.  Here 
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you go4…I guess it’s also important to say that we are in an area that is 

considered to have a Karst topography.  You can find more about that online if 

you want.” 

Q3:  “What pesticide are you thinking about putting on the field?” 

A3:  “I am planning on putting Baythroid XL on this field.  I have a 

neighbor who also used it and she recommended it to me.  I don’t know much 

about it other than it seems to control the corn borers.  I will give you the 

information my neighbor gave me5.” 

Q4:  “How much rain and snow do you get at your farm on average?” 

A4: “We get about 30 inches of snow in recent years and we get about 25 

inches of rain around here in an average year.” 

Q5:  “When are you going to apply this insecticide?” 

A5: “We would apply it several times. Before the corn germinates, then 

several times over the course of the growth season before harvest in the late 

summer and fall.” 

Q6:  “What would you use to put it on your field?” 

A6: “I would dilute it with water and spray it on the field with my tank 

trailer behind my tractor.” 

After the question and answer session, participants began work on their 

responses to the scenario. Immediately after the scenario introduction described 

                                                
4 The maps given to all participants are included as Appendix E, titled “Farming Scenario Maps.”  
They include two satellite maps (zoomed and panned), two topographical maps (zoomed and 
panned) and two road maps (zoomed and panned). 
5 The information on Baythroid given to all students is available as a PDF at 
http://www.cdms.net/LDat/mp7JO006.pdf 
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above, students were all given the maps of the farm (Appendix E) as well as a 

laptop to use with access to the Internet.  Students were given time to research and 

brainstorm potential responses.  Throughout this time, students were prompted to 

record thoughts, possibilities, key words or potential arguments on their process 

until they felt ready to begin drafting their responses.  Each student completed the 

full process sheet, including the draft of a concept map, prior to beginning his or 

her written response.  

The written response prompt on the farming scenario process sheet was,  

“Type up a 1-2 page letter that succinctly responds to the farmers inquiry, 

telling her your best prediction, based on clearly explained reasoning, of 

the impact her decision to apply the pesticide will have on surrounding 

organisms and areas (plants, animals, humans, water, air, ground, etc.).”  

In addition to the written response, participants were asked to draw a concept map 

on their process sheet aligned to their written response.  The prompt was,  

“Sketch a concept map below that visually shows the reasoning and ideas 

behind your prediction for the farmer.  In other words, give the farmer a 

visual representation of your thoughts to go along with your written 

recommendation.  Remember to 1) label all your connectors and nodes, 

and 2) “read” each connection in the direction of the arrow to make sure 

the sentence or phrase makes sense to you.  You will have a chance to put 

this into a digital format on Monday.”   

The completed written responses and mapped responses were brought to class 

after three days, giving students approximately 35 hours to complete their work.  
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At that point, students were given a class period to create a digital version of their 

concept map to submit with the written response.  All students had prior 

experience with digital concept mapping from the previous months in the course.  

In addition, all but two students reported having completed concept maps in 

classes other than science courses.  Students were encouraged to change or 

deviate from the content of their draft concept map to best represent their thinking 

about the scenario at that point in time. 

Farming scenario written and mapped response analysis. This scenario 

was intended to provide an initial picture of the system skills demonstrated by 

students in the class.  Therefore both the written and mapped responses were 

analyzed according to a rubric derived from the framework of system thinking 

skills described in chapter two.  Table 4 lays out the rubric that was used to 

analyze the written responses and Table 5 lays out the rubric used to analyze the 

mapped responses. While the rubrics are both built off of the same framework and 

are therefore very similar, the analysis for written and mapped responses provided 

unique perspectives for the study.   

Farming scenario written and mapped response results. Based on the 

rubric scores, each student was given a score for their written response and 

another for their mapped response. It should be emphasized that I acknowledge 

that concept maps and written responses, without conversation or deeper 

engagement to discuss those pieces of student work, can provide only an initial, 

externalized representation of the underlying conceptual framework of the 

student. Furthermore, similar to the surveys, they cannot differentiate between 
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“missing concepts” and misconceptions.  However, with the goal of determining a 

typology of students in the classroom, the analysis of both the concept maps and 

written responses provided valuable information during the process of developing 

that typology. The distribution of scores for the written response is shown in 

Figure 5.  The distribution for scores on the mapped response is shown in Figure 

6. 

 
Figure 5. Distribution of scores for the farming scenario written response.   
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 Figure 6. Distribution of scores for the farming scenario mapped response. 

 

Synthesizing Results for Typology Development 

Based on the analysis of each individual measure described above, the 

analysis next turned to exploring how multiple data points (content knowledge 

survey data, belief and attitude survey data, written and mapped farming scenario 

data), created an initial picture of different types of students in the classroom.  

This exploration eventually led to a typology for the classroom, which in turn led 

to the selection of six students from across those types who became the focus of 

the second, interview-based phase of the study.  The development of the typology 

and eventual case selection is discussed below. 

Whereas the figures and tables in the previous pages have explored the 

distribution of participant scores within a given measure, we turn now to look at 
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each student’s scores across these five data points.  Table 6 displays the data 

points for each individual student participating in the first phase of the study. 

With these various data points I turned to explore different types of 

participants in the class, particularly types of students at the intersection of 

content knowledge (two content knowledge surveys), system thinking skills (the 

written and mapped scenario response), and beliefs and attitudes (Six Americas 

survey).  Speaking broadly, one could argue that the data shown in Table 6 

suggests that there are as many types as there are participants in the first phase of 

the study (n=25).  While it is readily acknowledged that such diversity is 

important (indeed this vast diversity was discussed at length with the teacher for 

purposes of instruction and differentiation), and there is certainly enough diversity 

across participant data to make the argument for 25 types of student.  However, 

the study design sought patterns across participant data to uncover more general 

types of participant in order to make an informed case selection for the second 

phase of the study.  The process of typology development is described below. 

Uncovering patterns.  The first pattern that emerged from the data 

displayed in Table 6 is that there are participants who demonstrated consistently 

high scores across measures and those who demonstrated more variation in terms 

of their quartile rank.  Table 7 shows the same data as Table 6, however, the data 

is color-coded by the percentile the score falls into for the sample.  Red cells 

represent a score in the lowest quartile (< 25th percentile).  Yellow cells represent 

a score in the second quartile (25-50th percentile).  Green cells represent a score in  
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the third quartile (51-75th percentile).  Blue cells represent a score in the top 

quartile (> 75th percentile).  

Table 6 
 
Summary of Multiple Data Points for Each Study Participant in the First Phase of the Study!

Participant   
ID Number 
 

Hydrological  
Survey 

 

Climate 
Change 
Survey 

 

Farming 
Scenario 
Written 

Response 
 

Farming 
Scenario 
Mapped 

Response 
 

Total 
Score 

 

Six Americas 
Designation 

from Attitude 
Survey 

 
9 9.5 7 10 8 34.5 Concerned (2) 

13 10 7.5 7 10 34.5 Disengaged (4) 
17 4 8 11 10 33.0 Cautious (3) 
22 4.5 7 8 9 28.5 Concerned (2) 

25 8 3.5 9 7 27.5 Doubtful (5) 

16 8 4 9 6 27.0 Alarmed (1) 

5 7 5 7 6 25.0 Alarmed (1) 

15 6 4 8 7 25.0 Concerned (2) 

18 5 2 9 8 24.0 Doubtful (5) 
8 5 4 7 7 23.0 Alarmed (1) 
12 6 4 9 4 23.0 Concerned (2) 

24 4.5 4 6 8 22.5 Alarmed (1) 

23 6 4 6 6 22.0 Alarmed (1) 

3 7 4 6 5 22.0 Concerned (2) 

21 6.5 6 5 4 21.5 Concerned (2) 

20 6 7 4 4 21.0 Cautious (3) 
11 2 3 7 8 20.0 Alarmed (1) 
14 4 3 7 6 20.0 Doubtful (5) 

7 6 4 4 5 19.0 Concerned (2) 

6 7 1 5 5 18.0 Alarmed (1) 

10 5 2 6 4 17.0 Concerned (2) 

2 6 1.5 5 4 16.5 Alarmed (1) 

4 2.5 5 4 4 15.5 Concerned (2) 
19 2 3 6 4 15.0 Alarmed (1) 
1 5.5 2 4 2 13.5 Alarmed (1) 
Note. Participants are listed in order of their total score in phase one, the students with the highest 
score at the top.  The parenthetical number next to the six Americas designation is given to aid the 
reader by indicating where the identifier lies on the continuum from left to right, Alarmed (1), 
Concerned (2), Cautious (3), Disengaged (4), Doubtful (5) and Dismissive (6). 
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Table 7 
  
Summary of Multiple Data Points for Each Participant with Quartile Ranking Highlighted and 
Six Americas Identification in Gradient 

Participant   
ID Number 
 

Hydrological  
Survey 

 

Climate 
Change 
Survey 

 

Farming 
Scenario 
Written 

Response 
 

Farming 
Scenario 
Mapped 

Response 
 

Total 
Score 

 

Six Americas 
Designation from 
Attitude Survey 

 
9* 9.5 7 10 8 34.5 Concerned (2) 
13* 10 7.5 7 10 34.5 Disengaged (4) 
17* 4 8 11 10 33.0 Cautious (3) 
22 4.5 7 8 9 28.5 Concerned (2) 
25* 8 3.5 9 7 27.5 Doubtful (5) 
16 8 4 9 6 27.0 Alarmed (1) 
5 7 5 7 6 25.0 Alarmed (1) 
15 6 4 8 7 25.0 Concerned (2) 
18* 5 2 9 8 24.0 Doubtful (5) 
8 5 4 7 7 23.0 Alarmed (1) 
12 6 4 9 4 23.0 Concerned (2) 
24 4.5 4 6 8 22.5 Alarmed (1) 
23 6 4 6 6 22.0 Alarmed (1) 
3 7 4 6 5 22.0 Concerned (2) 
21* 6.5 6 5 4 21.5 Concerned (2) 
20 6 7 4 4 21.0 Cautious (3) 
11 2 3 7 8 20.0 Alarmed (1) 
14 4 3 7 6 20.0 Doubtful (5) 
7 6 4 4 5 19.0 Concerned (2) 
6 7 1 5 5 18.0 Alarmed (1) 
10 5 2 6 4 17.0 Concerned (2) 
2 6 1.5 5 4 16.5 Alarmed (1) 
4 2.5 5 4 4 15.5 Concerned (2) 
19 2 3 6 4 15.0 Alarmed (1) 
1 5.5 2 4 2 13.5 Alarmed (1) 
Note. Participants are listed in order of their total score in phase one, the students with the highest 
score at the top.  The parenthetical number next to the six Americas designation is given to aid 
the reader by indicating where the identifier lies on the continuum from left to right, Alarmed (1), 
Concerned (2), Cautious (3), Disengaged (4), Doubtful (5) and Dismissive (6).  
* Indicates participant ID numbers who were eventually chosen for case analysis in phase two of 
the study. 
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Based on this analysis, we can see that some participants demonstrated 

more consistent percentile scores across measures (e.g. participant 23).  However, 

other participants demonstrated more varied percentile scores across measures 

(e.g. participants 22, 25, 18, 21 and 20).  The first category in the typology 

became participants who demonstrated more consistency (all scores within the 

same two quartiles for all phase one data points), and those who demonstrated 

more variation (those with scores spanning more than two quartiles for phase one 

data points).  Based on this definition of consistent and varied, participants were 

labeled as having overall consistent or varied scores. 

 This differentiation between consistent and varied scorers described above 

(“consistent” and “varied” defined in previous paragraph), begged a second 

question for those labeled as having variation in scores, namely which ways those 

scores varied.  This question led to the second typological definition, they type of 

variation for those labeled as having varied scores. In Table 7 we can see that 

some participants earned consistently high percentile scores for both content 

survey scores, but earned consistently low percentile scores for both of the 

scenario response scores (e.g. participant 21).  Other participants demonstrated 

the opposite, having consistently low scores for both content surveys, but 

consistently high scores for both scenario responses (e.g. participants 18 and 11).  

Finally, some participants demonstrated variation within content survey scores, in 

other words the scores on the two content knowledge surveys and/or the two 

scores for the scenario response showed variation (e.g. participants 17, 22, 25, 26, 

12, 20, 6 and 4).   
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 The final pattern acknowledged for the creation of a typology looks at the 

relationship between the Six America’s survey results and the global climate 

change survey results.  This investigation uncovered three important patterns.  

First, the class held students whose climate change survey score was higher and 

who also demonstrated belief in and higher concern around climate change on the 

attitude survey.  These students demonstrated content knowledge scores in the top 

quartile and belief identifiers of “alarmed,” “concerned” or “cautious” (e.g. 

participants 9, 22 and 21).  On the other hand, there were students whose climate 

change survey score was low and who also indicated disbelief and lower concern 

about climate change on the attitude survey.  These students demonstrated content 

knowledge scores in the bottom quartile and belief identifier of “disengaged,” 

“doubtful” or “dismissive” (e.g. participants 18 and 14).  Third, there were  

students who demonstrated high content knowledge but low belief in GCC (e.g. 

participant 13).  And finally, those who demonstrated low content knowledge but 

high belief in GCC (e.g. participants 18, 11, 6, 10, 2, 19 and 1). 

Resulting Typology.  These patterns resulted in a typology consisting of 

twelve types of participant shown in Figure 7 as a flow chart, and in Table 8 as 

categorical types.  Of these twelve types, ten were present in the class studied in 

phase one (type 5 and 9 were not found in this class, however they are included in 

the diagrams for sake of overall organization and clarity).  The Final two columns 

in Table 8 indicate the number of participants who fell under this type as well as 

the numerical identifier for the participants who fit these types.  Finally, based on 

this analysis, six participants were chosen for the second phase of this study.  The  
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six participants were chosen as they represent a range of types within the typology 

(two types from each of the three major categories of the typology were chosen).  

In doing so, the cases selected for the second phase of the study represent various 

types of participants in regard to demonstrated content knowledge, system 

thinking skills, beliefs and attitudes.   We now turn to the second phase of the 

study focusing on the six cases in order to explore how these different types of 

participant influence their overall conceptualizations of climate change at a 

deeper, qualitative level.   
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Chapter V:  Phase Two Data Collection & Case Presentation 
 

The first phase of the study, discussed in the previous chapter, saught to 

uncover initial insight into participants’ content knowledge, system thinking 

skills, beliefs and attitudes toward climate change for all students in the 

classroom.  Based on the data collected, a typology was developed, and six cases 

were selected for the second phase of the study with the goal of determining how 

combinations of these factors impact student’s conceptualization of climate 

change through a series of classroom observations and interviews with the six 

case study participants. The second phase of data collection, spanning 10 weeks 

of field work, took place before, during and after a climate change unit in the 

APES course and included data collection in the form of reflection journal entries, 

field notes from from the APES classroom, and a series of three interviews with 

each participant. 

In first sections of this chapter, I describe the data collection processes for 

the reflection journal, the field notes and the interviews.  Following the discussion 

of data collection, I discuss the analytic processes used for the field notes and 

interview transcripts.  Finally, the six individual cases are presented, with the 

cross-case analysis following as the focus of chapter VI.   

 

Data Collection 

Reflection journal.  Use of a reflection journal continued during the 

second phase of the study.  A reflection entry was taken (a) prior to field note 
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collections during classroom observations, (b) after reviewing field notes from 

each class, (c) before each interview with participants, and (d) after listening to 

the interview audio of each interview.  This reflection tool became important in 

the second phase of the study, because two of the focus participants from their 

enrollment in class in previous years.   With this connection noted, bias towards 

those students was a continuous point of reflection in the second phase of study.   

To reiterate from chapter four, the reflection journal was not directly used 

to answer the research question, but rather to act as a control for bias, negative 

case analysis and to provide a regular ritual for tracking changes and potential 

unintended impacts of onotlogical, epistemological, methodological and 

paradigmatic approaches to the study.  While the research journal provided 

helpful for the study, especially in attending to potential bias, the journal was not 

formally analyzed as a stand-alone data set.  Rather, the reflection entries played a 

role in fleshing-out the ontological, epistemological and paradigmatic background 

in chapter three. 

Observation field notes.  As mentioned in the previous chapter, field 

notes were collected during the two weeks of the first phase of the study.  The 

practice of collecting field notes from classroom observations continued during 

the ten-week, second phase of the study.  During this phase, notes were collected 

for three class periods prior to a climate change unit, eight class periods during 

the climate change unit, and two days immediately following the climate change 

unit (585 minutes of total observation for the second phase).  During these times, 

attention was focused on the actions and words of the six focus participants, 
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however notes were also taken of other classroom occurances for the sake of 

maintaing context and tine scale for the notes.  At the end of the data collection of 

field notes, 76% of notes pertained to the actions and words of the six focus 

participants, the remaining 24% pertaining to actions and words of others in the 

classroom.  

Interviews.  The major data that differentiated the second phase of the 

study to the first is the use of semi-structured interviews during the second phase 

of study.  During the ten weeks of the second phase I collected three interviews 

with each participant, ranging from 35-51 minutes in length each.  All interviews 

followed a semi-structured format, with common areas of questioning  for each 

participant. As interviews progressed, the questions varied depending on the 

participant responses to previous questions as well as the unique work of 

participants in phase one (surveys and scenario responses), which acted as 

conversational footholds for the interviews. The goals of the interviews included: 

• Explore participant data from the first phase of study in greater depth 

through greater focus and time allotted to the six individual (>105 minutes 

of interview for each focus participant, as well as time observed in class), 

• Provide an opportunity for participants to verbally express their work from 

the first phase of the study in case there are ideas that were not 

demonstrated (intentionally or unintentionally) in written or mapped data, 

• Allow participants to extrapolate on, clarify, refine, rethink, dismiss, or 

evaluate their own ideas as they consider them again in a verbal context 

and in the temporal context of the conversation (before, during and after 
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the climate change unit in class). 

The interviews were held before school, after school, and during study 

halls at the preference of the participants.  All interviews were held in classrooms 

at the research location, the specific location changed because of student 

schedules, preferences, and availability of space.  All interviews were digitally-

recorded and transcribed.  Prior to analysis, participants were given access to their 

own interview data to build confidence in the anonymity process and for accuracy 

of transcription.  The general interview protocol used is included as Appendix F. 

At this point in the study, an unintended consequence of the first phase of 

the study emerged.  During the first phase of the study, I spent ten days in the 

classroom.  Five of those days doing observations, interacting with students 

during conversations and group time, and five additional days working alongside 

the teacher administering and working with students through the three surveys 

and the farming scenario.  This time not only brought about helpful data for case 

selection and overall insight into participants in the class, but it served the 

inintended (but imensely helpful) benefit of building raport and trust with the 

students in the classroom.  This resulted in noticable comfort during the 

interviews with the case study participants.  Laughter was common during 

interviews (>2 mutual periods of laughter per interview), and by the time the first 

interview was held, all six of the participants had specifically and repeatedly 

asked for my help during classroom observations (recorded in the field notes).  I 

too felt this sense of comfort during the interviews, having spent considerable 
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time with the participants over the course of the study.  I now turn to present each 

of the six cases based on the second phase data collection.   

 

Data Coding and Analysis 

Coding influences.  In keeping with the theme of transparency and bias, it 

should be mentioned that I entered with assumptions about potential coding 

schema for this portion of the study.  This insight emerged from reflection journal 

entries prior to the analysis in which I mentioned repeatedly the connections I was 

noticing to two aforementioned frameworks.  While I did not code initially on 

these frameworks, the resulting codes echoed these initial frameworks, and 

therefore beg mention.   

The first framework that was in mind before and during analysis, are the 

eight system skills described in chapter two (Committee on Conceptual 

Framework for the New K-12 Science Education Standards & National Research 

Council, 2012; U.S. Global Change Research Program & U.S. Climate Change 

Science Program, 2009; Mayer, 1995; Booth and Sweeny, 2000; Kali, Orion & 

Eylon, 2003; Assaraf & Orion, 2005; Hoffman & Barstow, 2007).  For reference 

sake, those eight system skills are repeated below:  

1. Identify and organize components in systems 

2. Identify and organize relationships and processes in a system;  

3. Demonstrate understanding of hidden dimensions of a system;  

4. Demonstrate understanding of dynamic and cyclic 

characteristics of systems;  
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5. Demonstrate understanding of temporal scale by utilizing 

cognitive processes of retrodiction and prediction;  

6. Demonstrate understanding of spatial scale by making 

generalizations from micro to macro levels of system 

characteristics,  

7. Demonstrate application of macro concepts to exemplar events 

and situations,  

8. Describe strong inter-system connections (between geosphere, 

atmosphere, biosphere, hydrosphere and sociosphere).   

The second framework that was present in mind before and during 

analysis based on reference throughout the reflection journal entries is the Six 

Americas framework of attitudes and beliefs (Leiserowitz et al, 2010; Leiserowitz 

et al, 2012).  Particularly, I found myself listening, writing and coding with 

attributes of the Six Americas categories in mind.  For reference, those categories 

are repeated from chapter two: 

• Alarmed:  Respondents categorized as Alarmed are described as being the 

most engaged in issues around climate change and global warming, are 

convinced that human action is a major cause, are convinced that it is 

already happening and will continue to happen at a rapid rate, and that it is 

a major threat that should be actively mitigated.  Respondents in the 

Alarmed category are actively changing their lives and advocating for 

large-scale change politically and socially to mitigate the threat. 
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• Concerned: Concerned respondents are convinced global warming is 

happening and are in support of large-scale, national responses to the 

issue. Concerned respondents are also described as being personally active 

in the issue, although they demonstrate less action and involvement in 

these issues than Alarmed respondents.   

• Cautious:  Respondents categorized as Cautious demonstrate a belief that 

global warming and climate change are a problem.  However, Cautious 

respondents are less sure of its causes and scale (compared to Alarmed and 

Concerned respondents).  Further, Cautious respondents are less likely to 

view these issues as immediate threats and do not believe urgent action is 

necessary.  

• Disengaged:  Respondents categorized as Disengaged demonstrate that 

they haven’t considered the issues of climate change and global warming 

and therefore report that they do not know much about the issues 

themselves.  These respondents report that they could change their opinion 

about the issues based on new information.  Of all the categories, 

Disengaged respondents could be most aptly described as those “on the 

fence” because of lack of information and experience. 

•  Doubtful: Respondents categorized as Doubtful demonstrate a range of 

beliefs about whether global warming and climate change are happening.  

From the national survey, the Doubtful respondents are equally split 

between those who believe it is occurring, those who do not believe it is 
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occurring, and those who are unsure.  The majority of Doubtful 

respondents believe natural causes are to blame (not human-caused), if it 

is happening at all.  Doubtful respondents generally believe that any 

harmful effects will be mild, if there are adverse effects at all.!

• Dismissive:  Respondents categorized as Dismissive are actively engaged 

in issues of climate change and global warming (similar to the Alarmed 

respondents).  However, Dismissive respondents believe that climate 

change and global warming are not happening, that it poses no threats 

whatsoever, and therefore see no need for action or response.  

(Leiserowitz  et al, 2012) 

While not existing as an a priori codebook, these frameworks and the interplay 

between hold strong value for the research question at hand, and therefore had 

strong influence on the coding process described next. 

Coding process.  The coding process included two stages of coding: 

initial,6 and axial (Strauss & Corbin, 1990). During the initial coding stage, field 

notes and interview transcripts were reviewed independently for the purpose of 

developing categorical “buckets” or “nodes,” and populating those categorical 

buckets with examples from field notes and interview transcripts for all 

participants.  As categories emerged, they were constantly compared to other 

categories to explore relationships and overlap between categories. During this 

initial coding stage I also began to explore ways in which the emerging categories 

                                                
6 While grounded theorists may call the first phase “open” coding, I do not use the term as a further 
admission that I have assumptions that will impact the coding process and should therefore be 
disclosed upfront. 



   89 

were aligned to or diverged from the research question. 

After developing an initial set of categories from the initial coding stage, I 

used an axial coding process to further tailor the categories and concepts to the 

data corpus under analysis.  During this phase several new categories emerged 

and several ongoing reorganizations were needed to accommodate the developing 

codes.  Additionally, in the axial portion of the analysis process, it became helpful 

to account for frequency of examples within any given code.  The process of 

counting occurrences of a code in the data helped to determine codes that needed 

to be split for specificity (codes with a disproportionately high frequency of 

occurrence in the data), and categories that needed to be combined for substance 

(codes with a disproportionately low frequency of occurrence).  

While some areas of the analysis may convey a linear, lock-step process 

from initial to axial to selective coding, it is important to reinforce the iterative, 

and interactive nature of analysis that actually occurred.  The analysis followed 

the interactive model for data analysis recommended by Miles and Huberman 

(1994) in which the researcher moves between four major components of analysis 

(data collection, data reduction, data display and drawing/verifying conclusions).  

Furthermore, the activity is non-linear, and instead, “the researcher moves among 

these four “nodes” during data collection and then shuttles among reduction, 

display and conclusions drawing/verification for the remainder of the study” (p. 

12).  In this way, while the bulk of analysis was completed after data was 

collected, analysis occurred during and between data collection periods including 

interview cycles.  Furthermore, the analysis could also be described as an 
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abductive process, as it moved repeatedly between induction and deduction, 

between data and theory.  Reflection entries indicate this abductive process, 

during which I considered how the data was diverging or supporting theories and 

frameworks and vice versa.   

The complete analysis process, with many iterations, cycles, reflections, 

abductions and rearrangements resulted in a coding schema that seeks to “pull all 

the research threads together to construct a plausible, explanatory framework” 

(Corbin & Strauss, 2009, p. 264). Once the coding schema was developed, each 

case was analyzed individually against the backdrop of that schema.  Next, the 

cases were compared to one another to identify common themes that unify the 

cases, while maintaining the individuality at the detail level of each case (Yin, 

1994).   

At this point of analysis, themes emerged within and across cases.  These 

themes were then held against the research question in order to determine if they 

were relevant to the question at hand.  If a theme itself did not provide insight for 

the research question, it was eliminated.  However, before elimination, individual 

codes and the constituent pieces of data within each code were each reviewed to 

determine if they either (a) demonstrated a “fit” into other themes that did relate 

to the research question, or (b) provided potential negative-case argument that 

was important to include.  If either was the case, the code and its constituent data 

was migrated into another appropriate theme. 

  In the end, there were four major coding strands or themes that emerged 

from within and across cases, which were aligned to the research question and 
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therefore became the four themes for discussion within cases (this chapter, 

Chapter V) and across cases (Chapter VI).  Those themes were: 

• Perseverance, engagement and perseverance,  

• Phase one belief category alignment to phase two data, 

• Social and scientific foundations, and 

• Depth, breadth and scale of climate change 

 

Participant Cases 

Introduction to the cases.  This section presents profiles of the six focus 

participants chosen to participate in the second phase of the research.   In the 

following sections, I first provide the phase one data summary for the six case 

participants in Table 9 as well as the typological identification of participants in 

Table 10.  I then discuss each case in more depth.  Each case is described through 

the same general format. First I describe the participant’s background and 

disposition over the course of the study.  Second, I provide an overview of the 

phase one data as a way of situating the case within the larger sample of 

participants and giving insight into the participant’s experience with the data 

collection process in phase one.  Third, I provide evidence from field notes and 

interviews of the participant’s beliefs and attitudes.  Next I provide evidence of 

the participant’s content knowledge and system theory skill application to climate 

change.  Finally, I provide an analysis section describing how evidence in each 

case was tied to the four major themes that emerged in the coding process. While 

the themes are tied together and discussed across cases in Chapter VI, the 
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discussion of these themes at the end of each case description discusses those 

themes within the case.  

Prior to describing the cases, it is important to point out that the case 

descriptions discuss content knowledge and system theory skill application in 

tandem. While the two can be discussed independently at a theoretical level, it is 

difficult, if not impossible, to parse content knowledge from the system theory 

skill used to access, express and navigate that content knowledge.  If we review 

the system theory skills considered in this study (e.g. identifying components and 

relationships of a system, understanding connections between systems, etc.) 

alongside the expert models used in this study (the NASA climate change work), 

it becomes apparent that the application of system theory skills could lead to 

“correct knowledge” that would be in alignment with the expert model, which 

itself is dripping with system theory concepts.   



   93 

 
Table 9 
  
Phase One Data Points for Focus Participants within Context of Overall Participant Pool from 
Phase One with Quartile Ranking Highlighted and Six Americas Identification in Gradient 
Participant 
Pseudonym 
or  ID 
Number 
 

Hydrological  
Survey 

 

Climate 
Change 
Survey 

 

Farming 
Scenario 
Written 

Response 
 

Farming 
Scenario 
Mapped 

Response 
 

Total 
Score 

 

Six Americas 
Designation from 
Attitude Survey 

 
Clouse 9.5 7 10 8 34.5 Concerned (2) 
Harper 10 7.5 7 10 34.5 Disengaged (4) 
Amelia 4 8 11 10 33.0 Cautious (3) 
22 4.5 7 8 9 28.5 Concerned (2) 
Oscar 8 3.5 9 7 27.5 Doubtful (5) 
16 8 4 9 6 27.0 Alarmed (1) 
5 7 5 7 6 25.0 Alarmed (1) 
15 6 4 8 7 25.0 Concerned (2) 
Victor 5 2 9 8 24.0 Doubtful (5) 
8 5 4 7 7 23.0 Alarmed (1) 
12 6 4 9 4 23.0 Concerned (2) 
24 4.5 4 6 8 22.5 Alarmed (1) 
23 6 4 6 6 22.0 Alarmed (1) 
3 7 4 6 5 22.0 Concerned (2) 
Beatrice 6.5 6 5 4 21.5 Concerned (2) 
20 6 7 4 4 21.0 Cautious (3) 
11 2 3 7 8 20.0 Alarmed (1) 
14 4 3 7 6 20.0 Doubtful (5) 
7 6 4 4 5 19.0 Concerned (2) 
6 7 1 5 5 18.0 Alarmed (1) 
10 5 2 6 4 17.0 Concerned (2) 
2 6 1.5 5 4 16.5 Alarmed (1) 
4 2.5 5 4 4 15.5 Concerned (2) 
19 2 3 6 4 15.0 Alarmed (1) 
1 5.5 2 4 2 13.5 Alarmed (1) 
Note. Participants are listed in order of their total score in phase one, the students with the highest 
score at the top.  Color-coding of cells is as follows: Blue = Top Quartile of Score Range, Green 
= Second Quartile of Score Range; Yellow = Third Quartile of Score Range; Red = Bottom 
Quartile of Score Range.  The parenthetical number next to the six Americas designation is given 
to aid the reader by indicating where the identifier lies on the continuum from left to right, 
Alarmed (1), Concerned (2), Cautious (3), Disengaged (4), Doubtful (5) and Dismissive (6). 
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Clouse 

Clouse’s background, disposition and class behaviors.  Clouse is the 

oldest of four children in his family.  He attended the same parochial K-8 school 

before attending the high school where this research study was conducted.  At the 

time of the study, Clouse was a senior who had already decided on attending a 

small liberal arts college in Minnesota after graduating.  Clouse was actively 

involved in extra-curricular activities including two sports, the school 

environmental club known as the “green team.” 

Clouse said he loved science in school.  Particularly Clouse stated that he 

most enjoyed biology class, zoology class, and the APES class.  He stated that 

science had always been interesting, had come easily to him, and he had always 

received good grades, “the lowest was an A minus…but I missed two weeks with 

mono.” Clouse expressed far less interest in the physics course that he was taking 

at the same time as the APES class, his reasoning being “the physics is…well, it’s 

like studying something that’s not really um…real…well its real [laughs]…but its 

not something out there you can touch…don’t tell my teacher I said that 

[laughs].”  While he needed the physics course for graduation, he did not need the 

APES class as a graduation requirement.  Unlike most of his peers Clouse did not 

plan on taking the AP exam at the end of the APES course.  As he summarized in 

our first interview,  

“…I’m not trying to get, like, get out of science classes in college or 

something…I think some kids do that with AP classes…but if I get the AP 

credit…like from APES…I’m basically saying I took a college class, a 
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college environmental science class…I love this class, but I know its still a 

high school class sort of…and I don’t want to pretend I’ve done it 

all…I’m really excited about learning more next year.” 

After being asked what his teacher and parents thought of his decision to not take 

the AP exam, he reported that his parents “were proud of me” and that his teacher 

“seemed confused” even after he tried to explain his reasons.   

 Every day I observed the class, Clouse sat in the same area of the class, 

near the front of the classroom near the window with two of his friends.  The 

three boys frequently conversed amongst themselves with side conversations, 

most of which were directly addressing the topic at that moment in the class.  In 

all observations, Clouse was observed asking two or more questions per class 

period, which was more than most of his classmates; however in no observations 

did Clouse ask a question that indicated dissent or criticism of the content and the 

teacher’s approach.   

 Clouse made humorous comments daily in class observations.  However, 

his comments were never made to the whole class, rather being made known only 

to those around him or to himself.  For example, at the mention of human 

respiration as a part of the water cycle, Clouse repeatedly took deep breaths 

through his nose, audible only to those immediately around him, who smiled and 

shook their heads.  At another time, the teacher was discussing natural predators 

at the beginning of class and while his notes were among the most accurate in the 

class in terms of the information the teacher was discussing, Clouse’s notes also 

included the Nashville Predators logo (a professional hockey team) and 
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continually made amazed comments to his friend about how cruel professional 

hockey players were to kill helpless animals when they had grocery stores in 

ready supply. Even his concept map includes humorous aspects such as the 

inclusions of “John Wilkes Booth” as an example of a “hidden threat.”  

 Beyond the humorous disposition Clouse displayed regularly in class, he 

was humble in the interview process and in small group settings. In the interview 

process, when I asked about his thoughts on specific answers on the survey, he 

reported at three different times that his response was a “complete guess.” He 

regularly offered opinions, but often qualified his opinions with the level of 

certainty about the specific topic.  During one discussion with two group 

members, discussing different impacts of a massive flood on a coastal area, 

Clouse preempted his statement by saying, “Well, I am far from expert here, and I 

want to know what your thoughts [gestures at his group mates] are, but I think…”  

While he regularly indicated uncertainty in the interviews, I never observed 

Clouse making a qualifying statement for his thoughts when speaking to the 

teacher or the whole class. 

 Clouse’s phase one data.  Clouse reported that the activities in the first 

phase “were fun…even the surveys you gave us.”  Clouse’s made several 

humorous comments on his phase one work (e.g. sketches in the margins of pigs 

sitting on glaciers in hula skirts and sun glasses with umbrellas in tall drinks). 

Clouse admittedly found the tasks fun, and he also performed well in terms of the 

“correct knowledge” he indicated on the surveys. Clouse received the highest total 

score during the first phase of the study as displayed in Table 9. 
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 Clouse stated that the most challenging of the tasks during phase one were 

the responses to the farming scenario both because he had “never talked or 

thought, I guess, too much about farming…or the…agricultural systems of 

farming,” and because “the map made things more difficult…not because of the 

computer, that was fun…but I…I thought my response, the written one, was good 

and then…that map would make me think of something else…and then I didn’t 

know how far to go with it…like a rabbit hole.” There were several areas of his 

concept map that I asked him about during the first interview.  The first area 

worth mention is that Clouse made references in his map to natural predators and 

the specification of non-native species, which I learned was a concept from his 

zoology class, 

“There is usually a risk, I think, that non-native species will have a bad 

impact on an environment…well, maybe its not bad all the time…but 

more often it is…like in my zoology class, we talked about…yeah, I think 

they were called King Toads, and they brought them to Australia to kill, or 

eat, all these grubs or something…and they thought these were natural 

predators…but now they are all over, like a pest…and they didn’t think 

that was going to happen when they brought them…they didn’t know they 

were going to screw everything up.” 

Clouse also had an interesting area on his concept map that noted that 

precipitation runs along the ground and gets into the water.  This seemingly 

problematic idea (that water as precipitation would “get into the water” seemed 

redundant), turned into an interesting clarification from Clouse: 
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“…when I look at this, I am seeing [precipitation] run along the 

ground…hmmm…like from top to bottom of a hill…and then at the 

bottom it would either…like…go into a stream, but only if the ground is 

hard…yeah, because if the ground wasn’t hard you wouldn’t be able to see 

the stream and all the water would sort of seep into the ground like a 

coffee filter…” 

Interestingly, on his hydrological content knowledge survey, Clouse did not check 

the box indicating that water on Earth can be found “under the ground, moving 

through the ground constantly until reemerging on its own.  When asked to say 

more on this point, Clouse stated, 

“Hmmm…yeah, I, guess I would change that a bit…the water would 

eventually hit hard rock, after it went through the soft, that’s not the 

right…porous rock, yeah, once it went through all the porous rock, I guess 

it would have to hit hard rock at some point and then it would collect there 

on top of it…and the rest of the water too, and could then move…I don’t 

know…if the hard stuff was too deep the water would just sit there…if it 

didn’t have, like, a place to fall out…like a waterfall…you know the ones 

that come out of cliffs…that might be what is happening there…but that 

wouldn’t change my answer in the end [laughs]…because it says moving 

constantly…and if it hits hard rock it may sit there…at least for a 

while…” 

When I asked Clouse how this affected the way he looked at the farming scenario, 

he stated, 
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“In general I think if you are a farmer close to water, don’t use [the 

pesticide]…this image really concerned me [Clouse points to the satellite 

map of the farm showing the water way directly to the east]…and when 

you think that the water is so far below the farm [Clouse points to the 

topographical map], then that water will probably, even if it sinks into the 

soil…I mean it will probably hit some hard rock, not porous rock, 

sometime in there and will then go into that river which screws it all 

up…if it was reversed, if the lake was up high and the farm was low, 

maybe it wouldn’t be as bad…I guess.” 

 Evidence of Clouse’s beliefs and attitudes of climate change. Clouse’s 

data from the beliefs survey indicated that he was most aligned with the 

“concerned” group, being convinced in, and concerned about climate change.  

However, some of our conversations indicated that his underlying disposition may 

be more nuanced and impacted by his audience, 

“I was trying to make sure that, the science that is, is true and I think 

saying I don’t believe it would contradict that…and I am no scientist, and 

can’t say [climate change] isn’t true…when I put this down, I’m thinking 

of all those projections in the books like it wont happen…until like one 

hundred years from now…so I don’t know…I’m really not a tree hugger, I 

do think it is happening…but that isn’t something I really think, its what I 

know from class…its hard to say I believe something that’s projected a 

century out…even though the evidence seems pretty clear…” 
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Clouse also seemed to be interested in who was going to hear his opinions and 

thoughts, 

“If I was sitting in front of a teacher, I’d not make a stink…but I do think 

about it…question it, so…even if its true that its happening, its not like I 

plan my life to prove it one way or the other…but in our class its pretty 

clear what the information is and what [the teacher] thinks…so that is the 

way I go when in class, I agree with the science…even if there are times 

that I wonder…” 

 Not only was Clouse interested in his audience, but he also expressed 

increased concern and interest in audiences with whom he respected.  When I 

asked him why he wouldn’t want to “make a stink” in front of his teacher, he said, 

“[my teacher] is great, you know…she is always fair and she’s…she’s a good 

person I think…so I wouldn’t want her to think I didn’t, that I disagree with 

her…” I later learned that Clouse had spent time with his teacher on a school trip 

to central America the year before where he had spent considerable time with her 

and developed “a lot of respect” for her during that trip, saying she was “super 

fun” and “knew her stuff” when it came to the culture and ecology they studied on 

the trip. 

 Clouse also seemed interested in my perspective; he asked me what I 

thought about climate change in our second and third interviews.  In our third 

interview, he asked what I thought the causes of climate change were and how 

concerned I was.  I responded as neutrally as possible by saying,  
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“You know, I learn things every day that help me think through it…it is 

complex and I am no expert on the topic, which is why I am so curious 

and excited to hear what folks like you think…I always learn things in 

these conversations…” 

He laughed and pointed out that I didn’t really answer the question, but that he 

was going to let me off the hook.  We continued talking about his beliefs and he 

indicated an interest in distancing himself from the hard-line extremists on either 

end of the spectrum, 

“I think that while I believe in it, I don’t want to be on the far end with 

people who are like…people who are so sure and talk about it all the time 

that it makes no one want to talk to them about it…because it won’t be a 

real conversation…I don’t want to be like that on either side…maybe that 

is true in lots of things…even in English class maybe.” 

Interestingly, in classroom observations, when climate change’s causes and 

effects were being challenged by several students, Clouse regularly made 

statements to the class that supported his Six America “Concerned” status.  In 

response to a student who repeatedly questioned whether this was a natural cycle, 

Clouse replied, “Look at the science, you can’t say those ice cores are wrong, it 

makes it sound like you are in a science class but don’t like what the science is 

saying, saying pretty solidly…” 

 I asked Clouse about his response to this specific situation in an interview, 

he replied that he felt “obligated to reply.” He noted that he thought this particular 
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classmate was “annoying,” but generally he said he felt a sense of obligation to 

balance conversations,  

“…when you have someone saying something so loudly…it’s like you 

need to balance things out again…otherwise it tilts too far and people get 

away saying, saying things that are not true…not true and really, I think 

they say those things just to get people all freaked out and defensive…so 

sometimes you need to be more sure, more confident to balance things 

out…” 

 Evidence of Clouse’s content knowledge of and system thinking 

application to climate change.  The second phase data held evidence that Clouse 

was able to apply several system theory skills to climate change. Namely, he was 

able to identify many components, processes and relationships in systems around 

climate change.  For example, he accurately identified and organized components 

such as greenhouse gasses, the sun, the Earth, water in its different states, and the 

atmosphere.  He was also able to identify and organize relevant relationships and 

processes such as the greenhouse effect, changes in ocean currents, and the water 

cycle.  He demonstrated an awareness (although not complete understanding) of 

hidden components of climate change such as albedo, carbon cycling, and 

greenhouse effects.  

 Clouse was often able to identify, organize and demonstrate awareness of 

hidden dimensions of climate change, during class conversations when he felt 

compelled to “balance” conversations.  However, in our conversations, Clouse 

found it “kinda tough” to articulate his understanding of these complex systems, 
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relationships and hidden dimensions. In one of our interviews, I asked Clouse 

specifically what he was thinking of when he cited scientific evidence of climate 

change.  He stated, 

“The biggest convincing science, the evidence, is the ice cores…they go 

back so far that it makes it impossible to say its natural…well it probably 

is part natural, but the quick uptake in CO2 is undeniable [Clouse draws an 

upward arrow]…and also its getting hotter…I mean I know there are 

places that are getting colder [laughs], but overall its getting hotter…and 

science has that data.” 

The specific ice cores data Clouse referred to are from the Vostoc ice cores, 

which the teacher shared with the class on the first day of the climate change unit.  

Again, Clouse was able to identify, organize and even demonstrate awareness of 

components, processes and hidden systems.  However, when I pushed Clouse to 

explain how that CO2 “uptake” provided evidence for climate change, to articulate 

his understanding of the relationship between CO2 as a greenhouse gas and the 

warming effect, he struggled as he replied, 

“Well the CO2 made things warmer recently…I think [my teacher] gave us 

that Vostoc graph and the temperature graph and they both go up at the 

same time…and we know CO2 is a…a greenhouse…so that…well it  

makes sense to me [laughs]…” 

I continued to push Clouse in this line of thinking, asking him in several different 

ways how greenhouse gases caused a warming effect.  He paused regularly during 

his responses.  In the final response, he gave the following explanation, 
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“The greenhouse gasses…well I think of it like one of those col…what are 

they…a sieve yeah a sieve…and so its like the suns rays hit the earth and 

reflect off…like in those diagrams…and it hits the earth and then bounces 

off just fine, it reflects I think…and then it gets to the sieve and sits 

there…like the sieve lets it all in but wont let it out…it stays in that, 

area…and that warms it up…more light gets trapped and it is warm 

light…” 

The analogy of the sieve was one he had heard in middle school, and seemed 

intent on basing his explanation.  Whenever I pushed him further, he returned to 

this analogy, seemingly to provide a simplified foundation for his explanation, 

while not demonstrating the specific content of the complex phenomena of 

greenhouse gasses and ozone.  When I asked Clouse why in his analogy the sieve 

lets “it all in but wont let it out,” he replied,   

“Well…I think it has to do with, maybe it stronger when it comes in than 

after it hits the Earth…and…to be honest, I have no idea [laughs]…maybe 

that’s the ozone…when there are holes that light comes in easier…yeah I 

have no clue really [laughs].”  

Clouse was able to demonstrate understanding of the dynamic and cyclical 

aspects of some systems involved in climate change (e.g. his discussion of the 

water cycle in the previous section).  However, he demonstrated difficulty 

expressing understanding of other dynamic and cyclic characteristics of climate 

change, 
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“When that sun light, well it goes out of the sieve eventually I guess…it 

might be a long time but it will leave eventually…and then it will go 

off…up into space maybe…so I guess that light…wait, its not light at that 

point, its heat I think…anyway, when that heat is in the atmosphere I 

guess it could cycle around a lot before it escapes through the 

atmosphere…but after it leaves…I guess it is gone.” 

One of the major components of the expert model of climate change involves the 

carbon cycle, which Clouse demonstrated awareness of by articulating the path of 

carbon from: human emissions of carbon – atmospheric carbon –oceanic carbon 

storage and cycling back to – atmospheric carbon.  When I asked Clouse how 

photosynthesis may impact the carbon cycle, Clouse stated, 

“Well…I know that plants give…they give off oxygen when they do 

photosynthesis and take in CO2 …so they help take carbon out of the 

air…well they take CO2 out of the air and break it up into carbon…and 

that carbon makes sugars for them and the oxygen…is respirated back out 

into the atmosphere, I think…but humans…when they respirate they give 

off CO2 so that adds to the carbon in the atmosphere.   

While Clouse was able to identify different carbon micro-cycles such as the 

vegetation-mammalian respiration cycle above, when asked to give other 

examples of how carbon can move around in our world, he did not articulate an 

understanding of other dynamic and cyclical components of the carbon cycle 

outside of the cycles above.   
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 When we discussed climate change, with an emphasis on ideas of scale, 

Clouse was able to give examples of phenomena at different scales.  He was able 

to articulate small-scale examples of carbon cycles (such as the vegetation – 

mammalian respiration cycle above), as well as small scale examples of the water 

cycle (e.g. condensation on his glasses when he came inside on cold days).  

However, he struggled when trying to explain how greenhouse gases work on a 

smaller scale, 

“Yeah, like in a sauna, if you don’t have the door open…or even just a 

little, that is like the sieve…and if you put water on the rocks that steam 

goes all over the room but can, can’t get out of the sieve...so that would 

make it more humid and warmer than it would be without the water…” 

 In further interview conversations, I asked Clouse what phenomena other 

than the atmospheric greenhouse effect could be climate change.  He was unable 

to think of examples without prompting.  When I did prompt him, “is there 

anything in the geosphere, biosphere, sociosphere, hydrosphere that might cause 

climate change?” he stated, 

“The glaciers melting definitely cause some of the change…there is so 

much ice that has melted…I just think of those photos [the teacher] 

showed us, and that time lapse thing of the calving…and with so much ice 

melting, that makes things warmer obviously…a drink without ice will get 

warmer quicker… and that’s geosphere…wait that’s hydrosphere, both 

[laughs]…that’s right its hydro [laughs].” 
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I asked Clouse whether this was related to greenhouse gases, seeing if he could 

connect this hydrospheric system to the atmospheric system, and he said, 

“Yeah, it is…well those greenhouse gases obviously make it 

warmer…like the air in the atmosphere is warmer because, well there are 

more greenhouse gases than before…so when everything warms up its like 

the whole atmosphere is warmer and that makes the glaciers melt…so its 

not just the air warming up but the water too and the ice…so we warmed 

up the house and thought that was it…but the ice in the fridge is melted 

now, so that just makes it hotter [laughs]…and when we have a hole in the 

ozone, you know…its not the same as the greenhouse effect, I know 

that…but when you have the light coming right in, that makes it stronger 

and that melts the ice and warms it up quick.” 

I pushed him further, asking “is there any other way that this melted water, no 

longer in its solid form…could directly impact the greenhouse effect?” he stated,  

“Well, more water…not really…but…um…less ice on the crust 

would…yeah definitely…yeah, would make it less cool…oh, and the al-

…albedo effect would happen too…because the oceans are dark and 

absorb the light and heat, but ice reflects and that keeps it cool…that’s 

why I refuse to shovel our driveway [laughs]…” 

After a mutual laugh, I pushed again, asking him if the water itself could impact 

the warming or cooling effect.  In his content knowledge survey he had indicated 

water vapor as a greenhouse gas; however he did not make that connection during 

our conversation,  
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“The water, well if it evaporated, that would be less water on the surface 

of the earth which…would cool things down…like create more 

desserts…but it may also just rain more, I know that is happening with 

climate change…there is more precipitation overall…so I guess it 

wouldn’t have, the water wouldn’t impact it that much…its more about the 

lack of ice…more than an increase of water.” 

 Themes in Clouse’s data.  Based on Clouse’s data from the study, there 

are five major themes that his particular case provides evidence in terms of how 

his beliefs, attitudes, content knowledge and system theory skill application 

intersect in the data.   

 Motivation, engagement & perseverance. Clouse expressed enjoyment 

and motivation with the content of the study and the APES class.  This motivation 

and enjoyment was paired with high achievement in the class in terms of his 

achievement, but also in the phase one data scoring.  Even while working with 

difficult questions in class and in interviews, Clouse’s enjoyment was palpable in 

his laughter and willingness to continue grappling with difficult questions.   

 Clouse expressed being challenged by tasks that required application of 

ideas to real-world situations.  The farming scenario was specifically challenging, 

even thought he was able to score very well on the measures.  Furthermore, when 

Clouse was asked how he would use his knowledge to explain a novel event (an 

event not given an example of a phenomena in class), he struggled to apply the 

concepts to new situations.  With that said, Clouse never seemed discouraged by 

these difficult tasks and situations; he actually seemed more engaged when 
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grappling with situations that required him to apply his knowledge to new issues 

and scenarios.  In this way, while Clouse was challenged by novel scenarios and 

real-world examples, he was engaged in those situations and when given time was 

willing to explore and apply system theory skills to those situations. 

Phase one belief category alignment to phase two data. Clouse’s data 

indicates that while his beliefs seemed aligned most to the Concerned description, 

his expressed beliefs and attitudes toward climate change differed based on the 

context and audience of the conversation. In his beliefs survey, Clouse most 

closely identified with the “Concerned” group in the Six Americas study. In 

whole-class settings he maintained alignment with his those same surveyed 

beliefs, however when beliefs were expressed on the further end of the spectrum 

he leaned even more so to an “Alarmed” message, becoming more opinionated 

and expressing more certainty about the existence and problematic nature of 

climate change.  Adversely, when in small group settings and in one on one 

conversations, Clouse expressed less certainty and rigidity with his beliefs, even 

indicating that he questioned his own beliefs about climate change, falling more 

on the middle of the Six Americas continuum. 

Social and scientific foundations.  Building on the theme above, Clouse’s 

expressions of belief seemed tied to the audience he was addressing, and 

specifically to the relationship he had with the person he was addressing.  When 

he was addressing a person he had expressed having respect for such as his 

teachers, he tailored his beliefs to what he believed that person’s beliefs to be.  

Whenever he was in the presence of his teacher, whom he assumed to have a very 
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active participation and high conviction in climate change, his expressed beliefs 

aligned most with an Alarmed participant.  When he was in my presence, a person 

who made conscious efforts to remain as neutral as possible in both class 

observations and interviews, Clouse’s expressed beliefs tended more towards that 

of Cautious participants, messaging doubt, lack of knowledge and a more neutral 

attitude.  Finally, In settings where he did no have a high level of respect for the 

audience such as the classmates he tried to “balance” with his statements in 

observations, he did the opposite, tailoring his beliefs to the opposite of the 

assumed position of his audience (and interestingly, reaffirming his alignment 

with the perceived perspective of those he respected in that whole-class setting 

such as his teacher and friends).  In this way, Clouse’s expressed beliefs were 

dependent on systems of friendship and relationship (social foundations), rather 

than based on textbook evidence and what he had been taught (scientific 

foundations). 

Depth, breadth and scale of climate change.  Clouse demonstrated the 

ability to identify and organize system components, processes and relationships.  

However, he demonstrated more difficulty in articulating a deeper understanding 

of those same components, processes and relationships, especially in terms of 

scale changes and interactions with other systems.  In the study Clouse conveyed 

confidence in his knowledge when working through distilled, discrete tasks (e.g. 

listing greenhouse gasses).  On the other hand, expressions of uncertainty and 

openness were observed more often in the context of real-world situations (e.g. 

describing how atmospheric processes were related to hydrospheric processes) 
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where other system skills (spatial scale, temporal scale and inter-system 

connections) are needed.  In many of these cases where he had difficulty 

articulating a deeper understanding, he often reverted to simplified models (e.g. 

simplified carbon cycles in respiration of plants and animals), and simplistic 

analogies (e.g. the “sieve” to describe the greenhouse effect). In these ways, 

Clouse expressed several knowledge statements that would be considered 

misconceptions or missing conceptions when compared to the expert model.  

Several of these are commonly cited in the literature (reviewed in Chapter II).  

Namely, these common misconceptions noted in the second phase for Clouse 

were (a) his explanation of the greenhouse effect as a “sieve,” (b) his difficulty in 

articulating the differences between the greenhouse effect and the ozone, and (c) 

his inability to address different types of radiation. 

While Clouse expressed several large misconceptions or missing 

conceptions around climate change, Clouse demonstrated willingness and ability 

to apply several system theory skills as described in the previous sections. The 

“correct knowledge” he expressed in phase two was directly connected to 

something that had been delivered through instruction (e.g. his discussion of the 

Vostoc ice cores and their ability to give a historical record of CO2 levels).  

However, there were several missing/misconceptions that were connected to 

scientific instruction as well (e.g. the “sieve” analogy of the greenhouse effect).  

On the other hand, in our conversations, when he demonstrated an application of 

system theory skills, the resulting content knowledge from that application was 
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not always correct knowledge (e.g. that an overall increase in liquid water from 

glacial melt would not increase overall precipitation).   

Even though Clouse’s application of the system theory skill was fruitful in 

terms of helping him think through issues, that application of did not always result 

in correct knowledge.  Similarly, the correct knowledge expressed by Clouse was 

not always a result of system theory skill, but rather a repetition of something that 

had been explicitly taught, at times down to a very specific but inaccurate analogy 

or simplification of a phenomena. 

 

Harper 

 Harper’s background, disposition and class behaviors.  Harper is one 

of two children in her family. Uniquely, Harper’s mother was a mathematics 

teacher at the school where the study took place.  At the time of the study, Harper 

was in her junior year but was taking courses primarily with students in their 

senior year because she had enrolled in an accelerated science sequence as a 

freshman, which allowed her to complete three years of science coursework in her 

first two years at the school.  Harper expressed that she wanted to study 

mathematics and education in college in order to be a high school math teacher 

like her mother.  Harper and her sister, a freshman the year of this study, usually 

walked to school, which she referenced in interviews when noting relevant 

observations she had during her walks.   



   114 

 Harper reported that she loved science, particularly her physics course she 

was taking in tandem with the APES course.  As she mentioned in our first 

interview,  

“I just love being able to see it everywhere, you know…its different from 

other science for me…because you…well you can see examples of it 

everywhere…I guess chem is like that too…but maybe I…notice it more, 

the physics that is…I also like the math, not always but its fun to learn 

how math is applied in science…” 

Harper later stated that if she didn’t become a mathematics teacher, she would 

“probably do some physics…maybe engineering.”  She was a third-year member 

of the robotics club at the school and was a teaching assistant in an introduction to 

physical science (IPS) course.  At the time of the study, she was working with 

students in the course who were building catapults for a competition, about which 

she noted,  

“Man, I wish I had taken physics back when I did that, I would 

have…well, maybe I wouldn’t have won the whole thing, some of those 

kids put so much money into those things, and that’s just stupid…but I 

would have been right there with them with my scrap wood heap…if I had 

this physics stuff to use...” 

 While Harper had done well in science and school in general, she noted, “I 

like all of [my classes]…well P.E. is a bit of a drag, I already do cross country, so 

getting all sweaty three times a week is a bit of a pain.”  Her enjoyment was 

paired with high marks in her courses according to her, “I do well…okay, I am a 
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total perfectionist, so I get ‘A’s [laughs]…I’m not ashamed [laughs]…”  While 

she enjoyed and succeeded in her courses, including science courses, she admitted 

that she enjoyed her physics class more than the APES courses,  

“It’s not like I don’t like APES…I learn a lot, I guess it just gets messy in 

there…not the science or…the opinions and politics can just be obnoxious 

I think…[my teacher] never really comes out and says so, but she’s…she 

obviously is passionate about the environment and these issues and 

that…it comes out in her teaching…I wouldn’t say she’s biased or tries to 

really make us think one way, one way is the right way…but if she didn’t 

care and believe in this stuff, why would she have started teaching the 

APES course, I mean she drives a Prius with a hiker dude sticker on the 

window [laughs]…so yeah, I think other kids try to act pretty 

political…pretty active just to put on a show…not a lot, but I notice.” 

Harper’s reference to her teacher starting the APES course was mentioned several 

times in our interviews.  Indeed, the teacher in this study was the driving force 

behind getting the APES course offered at the school and sustaining its enrollment 

through open promotion of the course at yearly course offering assemblies.   

 During observations, Harper usually sat at a table near the back of the 

class with three other students who sat there regularly.  She rarely offered 

unsolicited comments or questions to the whole class, but was quick to ask 

questions of those around her and during small group work.  When directly asked 

a question during observations, Harper was always able to respond to the assumed 

satisfaction of the teacher (the teacher never noted anything about her response 
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that was incomplete or inaccurate).  Interestingly, most of Harper’s comments 

were accompanied by a citation or qualification that seemingly distanced the 

comment from her own perspective.  In the first week of the study, I noticed this 

occurring several times in class.  In two class periods, Harper’s comments carried 

this theme as she began statements with statements such as, “According to the text 

book…I think…yeah, here on 45…there are two main issues with the introduction 

of a non-native species…”and “This may look differently…simpler than this, if it 

were in Time magazine or something, but the diagram [our teacher] gave us here 

has things we haven’t hit in the discussion…” While she did not always include 

such a qualifier, I only noted one occurrence of Harper making a statement that 

she claimed as a belief of her own when in the whole class setting.  In this 

situation, it was the first day of the climate change unit and the conversation up to 

this point had only involved fossil fuel burning and methane from livestock 

flatulence.  After 35 minutes of conversation Harper made the following 

statement, the only statement she verbally claimed as an opinion of hers during 

whole class conversation, 

“I don’t think its as simple as we are making it out to be…I mean I know 

it can’t be…complete or…we can’t probably imagine all the possibilities 

of what could happen, but we haven’t even talked about the volcanoes…I 

mean I think that’s important…I don’t know much about it, but isn’t that 

important here too?” 
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During small group work and especially in interviews, Harper was much more 

open about her opinions and beliefs, especially when she knew that the interviews 

were anonymous in general and to her peers and teacher. 

 Harper was a very polite, but witty; a very quiet and dry wit.  She would 

often drop subtle humorous side comments in the middle of a statement, often 

dropping her voice as to not draw attention to the humor in the statement, before 

taking up right where she left off before making the comment, 

“I don’t think I’ve ever really…thought about how the hills, or what do 

you call it, topo map, how that would change the situation…I still can’t 

believe this is Minnesota with this much change in height, elevation 

[points to ridge line on topographical map], [lowers voice] half our cross 

country team would puke on that hill, [stops lowering voice], but a farm 

up high like this is…different from a farm in a valley over here [points to 

valley on topographical map]…” 

Harper’s phase one data.  Harper said that the farming scenario was “the 

best thing we’ve done in this class yet [laughs]…not complete, but I liked it a 

lot.”  When asked to say more, she said, 

“I love learning the ideas in science and then putting them into life…into 

real things, I think that’s why physics is great…it doesn’t, usually, tell you 

how something is [emphasized “is”] in the world…it tells you ideas that 

you can use to get what’s going on in the world…so its like it tells you a 

way to understand something instead of telling you something…and that’s 

how the farming thing was…I got to use ideas to make something…” 
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While she indicated it was enjoyable to create the concept map for the farming 

scenario, she also stated that the farming scenario itself was difficult.   

“The actual situation that you gave us…like having to actually put all 

these things together…these ideas together, was really difficult…I don’t 

think we do enough of it…so yeah…the scenario was tough 

because…honestly I had no clue what I was talking about…but maybe 

that was the point…a sinister point…was it [laughs]…but usually its just 

the book and what’s in there…like what you can look up and read 

about…and this…I used the internet to look some stuff up that I was 

curious about…but there was no answer to look up…it had to be put 

together myself…so that was tough.” 

In interviews when we discussed some of her responses on the 

hydrological and climate change surveys, Harper made similar statements, noting 

that,  

“The way this question is worded…I don’t know if this is right, but it 

makes it sound like there are more than one answer…which makes it 

interesting…and drives me nuts [laughs], but in a good way…like I can’t 

look it up, have to think more.”   

 Harpers scores in the first phase of the study were near the top of her class 

(displayed in Table 9).  Her content surveys received top scores and her lowest 

score of the phase was for the farming scenario writing response.  Interestingly, 

she was one of few students who received a lower score for her written response 

than for her mapped response, and the difference between these scores for Harper 
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was the greatest in the class.  This may be tied to the fact that Harper reported 

feeling very comfortable with the concept mapping task, 

“I do it all the time…wait that sounded dorky…I do it a lot in school, for 

very good reasons [laughs]…In my sixth grade class back at [my 

elementary school] I started making these maps, by hand, on the back of 

my notebooks in my social studies classes…the first time the teacher made 

us do it and mine was terrible, probably…well, I hated doing it for this 

Mesopotamian thing, so that’s probably why it was so bad [laughs]…but 

after that I just started doing it for fun...I used to be a doodler, like I would 

doodle random stuff in my notebooks…but after that I started doing things 

like this [points to farming scenario concept map] in lots of my classes as 

a way of doodling…but it wasn’t really doodling because it was what we 

were learning…” 

When I asked her to say more, Harper said, 

“Well, I’ve done this in math a lot, and that includes physics, yeah…they 

aren’t always neat maps like this one [points to farming scenario concept 

map] because lots of times I sketch something…I’m not a very good artist 

[lowers voice], not cutting off an ear anytime soon [stops lowering voice], 

but there are sketches in my maps and…well I don’t always label 

connections, sometimes I don’t draw connections…but I just know they 

are there and its just for me anyway…you would be on my case for that 

[laughs]…but laying things out, maps like this are fun…for me.” 
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Harper mentioned that the agricultural content was “very new” and she had “little, 

itty bitty knowledge” about the topic addressed in the farming scenario.  

However, her concept map for this section included some interesting components 

considering her admittedly shallow understanding of the topic.  One interesting 

idea that came up when I asked Harper about her map’s connection of: “Baythroid 

XL” – “sprayed in windy conditions causes” – “drift” – “which causes” - “hidden 

contamination,” 

“Well when I said hidden contamination, it isn’t really…not invisible, but 

more unnoticed…like people probably pay attention to things that they, 

that they think are going to happen…so here the farmer might really watch 

how the spray affects…the leaves of the plants in the field…but they look 

at the leaves, at the plants because they think, they probably assume the 

spray will change something on the plants…but if you don’t know about a 

potential effect, like…like this drift of the spray if it’s a windy day…then 

you probably wont worry about it, wont pay too much attention to it and 

so…you wont notice it…that’s what I meant by hidden...like unknown 

more than hidden.” 

She later mentioned that she “snooped around on the internet” to learn about the 

concept of drift, but her inclusion in the concept map was accurate and 

appropriate for the scenario and task at hand.  When I pressed her about her map 

further, asking her how she came up with all the “alternatives” noted on the right 

side of her concept map, she replied,  



   121 

“I have the secret weapon in here…I’m the skeptic so [laughs]…so I 

always think of lots of things like that…I am used to it in classes like 

APES, but English too this tri…people make things too simple so I like to 

screw things up I guess [laughs]…well, not screw it up but at least rock 

the boat, yeah make people think more…its more fun that way.” 

Harper mentioned that she investigated some of these alternatives online 

and also talked to her grandfather’s friend to get ideas.  The “alternatives” noted 

in her map however were supported by deeper understanding of each that came 

out in conversations with Harper.  For example, even though “polyculture” 

appears as a single word on her concept map, she was able to give two different 

examples, with specific plants and rotation timing that would accomplish the 

goals of a polyculture and potentially help with the corn borer without pesticide 

application.  In addition, she was able to give examples of “insectariums” that 

could act as “little barracks…for, for crop troops [laughs]…” in a field that would 

naturally aid in pest reduction by welcoming birds and insects that prey on 

harmful pests.  In summary, while Harper’s phase one data scores were near the 

top of her class, she also demonstrated a deeper understanding and proficiency 

with many of the concepts involved in the first phase than other participants.  Her 

ability to not only remember content, but generate examples of content was a 

reoccurring noticing in the second phase of the study.  

Evidence of Harper’s beliefs and attitudes of climate change.  Harper 

was identified as having a “Disengaged” belief and attitude towards climate 

change as determined by the belief survey in phase one of the study. Even though 
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Disengaged is in the middle of the Six Americas continuum (identified as the 4th 

position on the 6 point continuum), Harper could be considered in the minority of 

her class of peers as the only person identified as Disengaged.  Furthermore, she 

was one of only four in the class who had identified beliefs other than Alarmed, 

Concerned and Cautious.  At first glance, Harper’s phase one data was surprising 

in the sense that her climate change content knowledge was high (much like all 

other phase one scores that were consistently high for her), but her belief and 

attitude designation indicated disengagement in the material.  What seemed 

contradictory at first glance became clearer during the second phase of study.  

This clarity emerged as a function of Harper’s work in class, her comments in 

interviews, and reflection on how her beliefs were related to her content 

knowledge. 

As indicated in the discussion of her phase one data above, Harper was a 

self-admitted skeptic, a student who tried to push her classmates to think 

alternatively and who liked to “rock the boat.”  While she rarely did this in whole-

class settings, she regularly did so in small groups (especially with the three 

students she regularly sat next to in class), and in our interviews.  Beyond this, of 

all case participants, Harper’s indicated the highest level of humility and 

malleability of beliefs about climate change.  In our first interview, when I asked 

her what she knew about climate change, she said, 

“Well, I see it a lot on the news, but that’s news…my dad’s Fox and my 

mom’s MSNB-whatever, so I’m not sure either one counts…I saw some 

of An Inconvenient Truth with friends, but I’m not sure what to think 



   123 

about that…and…[my physics teacher] told us a little about the, tectonics 

and how that releases carbon…I think…so that might be…yeah, I know 

pretty much nothing, in case you couldn’t tell [laughs]…I guess that’s 

why I’m in class, right…it seems pretty crazy.” 

When I asked her what she meant by “crazy” Harper responded, 

“Not crazy, like crazy unbelievable crazy…but just, complex and, 

complicated with…there is just a lot going on there with climate 

change…its hard to believe anyone has it straight…so yeah, that is big, 

and crazy.” 

Harper went on to mention that she had several people who she was very close to 

who had very different beliefs about climate change, which contributed to her 

approach to climate change as complex and messy, 

“My dad thinks its all political, just, people trying to push a liberal 

agenda…which makes sense sometimes because that’s the people who are 

talking about it all the time, liberals…I’m cool with liberals, in case you 

are one [laughs]…but then my mom is pretty involved, like we reuse bags 

at the grocery store, that’s embarrassing sometime, but its cool that she 

cares enough to do something…” 

She went on to mention that one of her closest friends had given her a hard time 

for taking the class, “she thought I was going to be a hippie or something…”  

However, she also talked about her friends who she sat next to in class who “were 

pretty big on being green, I think…”  This collection of people in Harper’s life 
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gave her a uniquely diverse set of perspectives, which repeatedly impacted how 

she approached to climate change as a complex and messy issue.  

In our third interview, I asked Harper what her opinion was of climate 

change.  I was interested because her beliefs survey indicated that she fell in the 

Disengaged category, which I was beginning to see as a word that did not fit 

Harper very well since she seemed very engaged in all observations and 

interviews.  I was also interested because of the diverse perspectives she was 

surrounded by (her mother, father, and friends, had diverse and even opposing 

perspectives).  When I asked her if she had an opinion, she leaned back and said, 

“That’s a funny question…did you ask everyone this?”  I told her yes, I had asked 

all the students who were doing interviews with me this same question, to which 

she replied, 

“I’d be curious to hear what they say…I think they…well, I’ll answer your 

question first [laughs]…sure I have an opinion, we all do…its silly to 

think someone can not have an opinion about this stuff, its everywhere and 

people talk about it all the time…but I…I’m also worried, not 

worried…but I think about it a lot…I have an opinion, yes, I think its 

impossible to not have one, but I’m also clueless about [climate 

change]…doesn’t that trump any opinion?  I mean if I think your friend is 

a jerk but I don’t know anything about him, is that opinion…is it 

important?” 
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I gave Harper a hard time by pointing out that she had said she was going to 

answer my question, only to ask two questions in return.  She laughed and 

continued her thought, 

“Yeah, so here it is…if I had to put my savings on something I’d say that 

global warming is happening, there you go…but I don’t know enough 

about it to put ten bucks on it…so maybe that’s my opinion too, that I 

don’t know enough about it to have an opinion at all [laughs]…” 

Later, in the second interview, Harper noticed the word “Disengaged” in her pile 

of class work that we were discussing across interviews.  She brought it up before 

we even began the interview recording, and I explained where the word came 

from and showed her the survey tool again.  While there is no exact record of that 

conversation, she expressed confusion about why she was categorized that way, 

noting that she was “really interested” in the topic, and wanted me to note that 

specifically noting that her mom would “freak out” if she thought I didn’t care.  

Harper’s comments and work helped me develop a new appreciation and a new 

understanding for the designation of Disengaged, which I discuss at the end of 

this case description. 

Evidence of Harper’s content knowledge of and system thinking 

application to climate change.  The data from the second phase of the study 

indicated that Harper was able to apply several system thinking skills to climate 

change as a topic. Even though she admitted regularly that she had limited 

knowledge on the topic, her phase one data as well as conversations in phase two 

indicated that Harper could readily identify and organize components, 
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relationships and processes in climate change.  Interestingly, Harper was also 

willing to “take stabs” at things that she was not sure of around the topic.  Our 

conversations were filled with guesses and speculations (qualified as such by 

Harper).  She seemed very willing to venture into content she was unfamiliar with 

and take risks in those conversations.  In turn, this seemed to help Harper grapple 

with some of the more complex system theory skills.  While she was not always 

accurate in her speculations, she seemed to be actively applying system theory 

skill to those conversations.  In one conversation in our third interview, we were 

talking about greenhouse gasses.  In one portion of our conversation, with 

minimal commentary on my part, she demonstrated an understanding of temporal 

scale, hidden dimensions of systems and cyclic characteristics, 

“Lets see…well this is interesting because with water, yeah…I do think 

that residence time in the atmosphere, as water, water vapor…could be 

pretty long…like I’d be surprised if it was less than a few weeks, and its 

probably more than that…but its not always the same time, at least I don’t 

think it’s the same.” 

I asked Harper to say more about how “it’s not always the same time,” to which 

she replied, 

“The time in the atmosphere, right, that could be something like a month 

on average…but that’s an average…it just has to be, because…think of 

like…ummm…this is tricky…think of a warm room, no, think of a car, 

my mom has a small one…when you get in that car, in the winter I’m 

thinking, and you breathe out…I think that there is water there that comes 
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out…when you breathe, and at that point I think it is vapor, like it was in 

your lungs and then evaporated when you breathe out your throat and into 

the car… 

Harper gave me a look and asked if that made sense, I nodded; she chuckled, 

leaned in, put her elbows on the table and continued, 

“So that water is now in the atmosphere…of the car, and its closed in 

right…but its still in the atmosphere, because it’s a vapor…and then 

almost immediately it will, probably, condense on the windows…so 

now…yeah…now it’s water again and it might even drip down the 

window…its precipita- is that a stretch [laughs]…well I’m saying it’s 

precipitating...so that was a really quick time as a vapor, in the 

atmosphere…when it evaporated from your throat condensed on the 

windows was really quick…definitely not a month…more like a minute… 

I started to ask a follow up, but Harper jumped back in, saying, “oh, sorry, I just 

thought that then the defrost…goes on and, wait, yeah, it defrosts the windows, 

which is, it evaporates again…so that’s a really short cycle.”  Harper was smiling 

and seeming to enjoy the topic so I asked the follow up question of whether she 

could think of an example where the residence time could have been longer than 

the one month average, to which she replied, “I was worried you were going to 

say that [laughs]…yeah, okay…well think of a really big car, just kidding…think 

of…well if the water vapor isn’t too far up…like if it doesn’t get to the clouds to 

condense…wait…” At this point, Harper looked out the window and paused for 

eight seconds, before continuing, 
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“So wind and rain, I mean heat…wind and heat cause the water to 

evaporate more, quickly…so I guess if there was water somewhere that 

was not windy or hot, it could last like that for a long time…I mean, this is 

cheating…but water in a bottle, like your Nalgene, if you didn’t open it, it, 

it would probably stay there for a long time…maybe forever, so that’s 

pretty long, longer than average probably…” 

I then asked her if she could think of an example of this outside of human devices.  

She again paused for a length of nine seconds and then said,  

“How about a cave…if there was a spot in a cave, like those pools in 

Mexico underground…that water…oh, and that lake thing in Russia that 

has been sealed up for like, like a bagillion years…yeah, that water has not 

been running around too much…so that would make that cycle really 

slow…does that count?” 

At the end of the same conversation, she came back to this point to share another 

example of water staying in one state for a long time by citing the ice pack in the 

arctic, “that stuff has been locked up forever, well not forever, but a long time.”  

In this conversation, she had indicated an understanding of scale (both temporal 

and spatial), hidden dimensions such as underground water, and cyclical 

characteristics. 

 Since the conversation above was within the context of the water cycle, I 

asked Harper how all of this related to climate change, seeing if she would 

connect the two conversations, which she seemed excited to do, “Yeah…well first 

of all we learned that water is a greenhouse, so that is a connection…I think, 
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that…yeah, so that would be part of global warming and climate, climate 

change…” I then asked her if there were any similar cycles, other than water, that 

were involved in climate change.  I anticipated that she would reference the 

carbon cycle, since that had been explicitly mentioned in class during the climate 

change unit.  However, Harper went in a different direction than anticipated. 

“Methane may be similar…I don’t really know here…it is another 

greenhouse, but well…I don’t think methane turns to solid, solid or 

liquid…its always a gas…so maybe this won’t work because it isn’t in a 

cycle like water…but…well it has to be something other than a gas, 

doesn’t it…before it, well its gross, but before it is out of a cow as gas, 

doesn’t it have to be liquid or solid in the food…” 

Harper spent a few minutes trying to remember her chemistry class content 

around methane specifically, but quickly came back to her general idea, 

“I guess the point is that maybe other greenhouse gases could be, like 

caught, or trapped as liquids or solids…like methane solid or liquid…that 

would probably be nasty stuff [laughs], but if there was a way for that to, 

happen…if there was a way, then there would be less of it, the methane 

gas, so it wouldn’t trap the heat…because it has to be in the atmosphere, I 

think…yeah, it has to be up there to trap the heat.” 

I later asked Harper if this was related to the carbon cycle, to which she said, 

“Oh, duh [laughs]…yeah…I should have don’t that instead of methane 

[laughs]…well yeah, that carbon cycle stuff, can, well it can be brought 

back in from the atmosphere…is that condensation…I don’t know…but 



   130 

when like trees soak up the CO2, it isn’t in the atmosphere anymore, 

because it isn’t a gas…wait, it…yeah, I don’t think it’s a gas when trees 

take it in…so maybe there’s a way to bring methane in too, like maybe 

there are plants that soak up methane…” 

Later in this conversation about greenhouse gasses, I asked Harper if 

greenhouse gasses were the same or different than ozone.  She responded saying, 

“oh yeah, that, the hole in the ozone…I think that makes the greenhouse gasses 

escape, no…that’s not, I think the ozone makes more heat come in…I’m not sure 

to be honest…”  After this comment about the heat entering the atmosphere, I 

asked Harper to talk about what happened after the “heat” came in.  In her 

response, she said “some of it gets soaked up…like in the water and ground, and 

some reflects back up, then some of it gets stuck by greenhouses and some gets 

out…but the more greenhouses we have the harder it is for the heat to get out.” 

 While the accuracy of her statements were not always completely in line 

with the expert model, Harper’s data repeatedly demonstrated her willingness to 

apply scientific concepts to real and novice situations, and to explore how systems 

were connected.  In these conversations, she rarely cited a text book, but rather 

seemed to think of examples from her own experiences (e.g. the car condensation 

example).   

 Themes in Harper’s data. Based on Harper’s data from the study, 

evidence for the five major themes emerges for her particular case in terms of 

how her beliefs, attitudes, content knowledge and system theory skill application 

intersect in the data. 
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Motivation, engagement & perseverance. Harper’s data in phase two 

indicate she had a very high level of motivation and engagement about learning 

about climate change (as well as other complex subjects in general).  Her beliefs 

reinforce this motivation, she indicated the most confidence in her statements 

were grounded in her ability to understand and apply concepts of climate change 

herself, without “simple sound bites and catch phrases…when usually people 

have no clue what they, what the science is, and what they are actually are 

saying.” While Harper regularly noted difficulty with tasks of applying concepts 

to novel situations, she also demonstrated high levels of perseverance in complex 

conversations that lacked a quick solution.  She expressed enjoyment and a high 

level of value in the process of working through complex issues as one way of 

generating valuable and well-established opinions. 

Phase one belief category alignment to phase two data. Harper’s 

designation as Disengaged on the beliefs and attitudes survey, in conjunction with 

the phase two data indicated that there is potentially a disconnect between the 

designating term “Disengaged” and the underlying beliefs of respondents in that 

group, at least in Harper’s case.  In her data, there seemed a contradiction between 

her “Disengaged” belief and attitude designation, her content knowledge on 

climate change, and her overall attitude in interviews and class. While I was 

reviewing Harper’s case, I began to think differently about this seeming 

contradiction, specifically between Harper’s relatively high climate change 

content knowledge score (7.5 out of 10 possible points) and her Disengaged belief 
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and attitude categorization.  The following entry from my reflection journal notes 

the thought process I went through when considering this, 

“Today as I am on the tail end of the analysis for phase two, I reread the 

Six Americas report for the fifth time, cover to cover.  While I was 

reading, I decided the term ‘Disengaged’ and its position on the spectrum 

of beliefs from Six Americas is a bit misleading, perhaps not always, but 

in Harper’s case, it certainly is.” 

According to the Six Americas report, respondents categorized as Disengaged 

demonstrate that they haven’t considered the issues of climate change and global 

warming and therefore report that they do not know much about the issues 

themselves.  These respondents report that they could change their opinion about 

the issues based on new information.  Of all the categories, Disengaged 

respondents could be most aptly described as those “on the fence” because of lack 

of information and experience.  This description of the Disengaged respondent, 

when compared to Harper, prompted the following continuation of the journal 

entry above, 

“As I read the report anew, with my case participants in mind as I read, 

‘Disengaged’ takes on a new light.  The only participant who I have in the 

study who was categorized as ‘Disengaged’ is Harper.  She certainly 

shares some of the characteristics described in the report from Six 

Americas.  She admitted in the first interview as not having learned a lot 

about climate change and regularly reported ‘not having a clue’ about the 

issues around climate change.  She was also the case participant who 
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demonstrated the most openness to new learning that may lead to an 

opinion on way or the other.  She admitted that, because of very little 

understanding of the issue, she did not have a strong opinion one way or 

the other at the start of the study on the topic of climate change.  In this 

way she was a classic ‘fence-sitter.’  And this is where I get stuck.  In 

many ways, her openness, her humility, her willingness and curiosity to 

approach the topic of climate change, she was highly engaged.  More so 

than most of the participants.  Because of this, I don’t think ‘Disengaged’ 

as a stand-alone word is an appropriate or accurate descriptor of these 

respondents, at least not in Harper’s case.” 

Harper’s case did align with the description of a Disengaged respondent.  

However, her case made me question the word “Disengaged” was the most 

accurate term to describe this type of respondent (it certainly didn’t seem accurate 

for Harper), and whether it was helpful or appropriate to have Disengaged on the 

continuum at all, since its description has more to do with lack of exposure to 

climate change information and conversation than any belief or attitude towards 

it.  This first theme that emerged therefore was that Harper’s lack of exposure to 

and knowledge of climate change resulted in a highly engaged disposition toward 

our conversations around the topic, a disposition that may not be assumed when 

given the descriptor of Disengaged from the beliefs survey.   

 Harper retained her status as a “fence-sitter” and remained humble about 

her knowledge on the topic throughout the study.  In the week after our final 

interview, after the climate change unit had finished, she told me that she had 
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gone back and taken the KQED survey online to see what her new rating was.  

She reported, much to her consternation that her Six America was still 

“Disengaged.”  She laughed and noted, “that’s probably just code for skeptic or 

unsure…or really cool person.”  At no point in the study did she seem troubled by 

being unsure, a fence-sitter, noting in our last conversation that “if you are still, 

learning, you should probably be a little unsure…at least a little, right?”   

Social and scientific foundations.  Harper was surrounded by a diverse 

set of beliefs and opinions about climate change held by people she was close to 

and respected.  She was not outwardly supportive of one perspective or another 

within this range of opinions held by others in her life.  While she did express a 

belief in its existence when I pressed her for her own opinion in the interviews, 

she was much more likely throughout the study to avoid giving a personal opinion 

at all.  Rather, her most frequently expressed belief about climate change was tied 

to its “complexity” or “messiness.” Only once in the class setting Harper 

expressed a belief without tying it to a piece of information that was in a text book 

or delivered in class (scientific foundations), and even then the expressed opinion 

was in regard to the messiness and inconclusively of evidence.   

Depth, breadth and scale of climate change. Harper’s phase two data 

provided evidence of her ability to identify, organize, and understand many 

components, processes and relationships around climate change.  She also 

demonstrated an ability to understand hidden components, ideas of temporal and 

spatial scale and inter-system relationships during our conversations.  

Interestingly, the times when she demonstrated an ability (and excitement) to 
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apply these more complex system theory skills were in the context of novel 

situations or when she was able to think on the spot of examples (e.g. the 

discussion of methane and its similarities and differences to water and carbon 

cycles). 

Tied to the previous theme, Harper frequently messaged difficulty with the 

scale, depth and breadth of climate change as complex phenomena.  For Harper, 

this idea of complexity was at the heart of our discussions around beliefs, 

opinions and content.  She gave little weight to the opinions of her classmates 

(and even adults in her life), noting that because of the complexity of the issue, an 

opinion is not well founded because most people in her opinion knew very little 

about climate change when viewed in all its complexity.  She also applied this 

sense of skepticism to her own opinions, which she qualified with the fact that she 

thought she knew very little about climate change which impacted how valuable 

she thought her own opinion was on the issue.   

Perhaps confirming her fear of unfounded opinions, Harper expressed 

several knowledge statements that would be considered misconceptions or 

missing conceptions when compared to the expert model.  Several are 

misconceptions commonly cited in the literature (reviewed in Chapter II), namely 

(a) difficulty in articulating the differences between the greenhouse effect and the 

ozone, and (b) articulating and differentiating different types of radiation. 

While Harper rarely cited a book, much of the “correct knowledge” she 

expressed was either directly connected to something that had been explicitly 

taught through instruction.  However, many statements that could be considered 
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“correct knowledge,” especially examples of phenomena were not explicitly 

taught in class (e.g. the example of the water cycle in the car and the example of 

the Nalgene and caves as situations that could prevent the water cycle from 

occurring).   

Harper demonstrated willingness and ability to apply many system theory 

skills as described in the previous sections.  Her application of the system theory 

skill was fruitful in terms of helping her work through complex ideas and 

situations.  At times, the application of those system theory skills resulted in 

correct knowledge.  However, there were situations in which system theory skill 

application resulted in misconceptions or missing conceptions. 

   

Amelia 

 Amelia’s background, disposition and class behaviors.  Amelia is the 

youngest of five children in her family.  Three of her siblings attended the school 

where the study was conducted and her oldest brother had attended a public high 

school prior to her parents moving to the area.  Amelia took the APES class 

because her older sister had “loved the class and kept bugging me from college 

about how I had to take it.”  She also indicated that “getting college credit will be 

good so I don’t have loans, not as many loans…so that’s good too.”  During the 

study, she was in her senior year and planned on attending a large public 

university in the Midwest after graduating in the spring, where she intended on 

pursuing nursing or music,  
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“Umm…I will probably study bio and chem…I’d like to be a nurse, but 

we will see…I would love to study music, I play cello and…well it’s 

tough to get those jobs, and, and I don’t even know what that job would be 

I guess, maybe teaching music I guess.”   

Amelia had played cello for four years outside of school and took private lessons, 

however, she had started playing percussion in primary school and at the time of 

the study played percussion in the school’s concert band and wind ensemble.  In 

addition, Amelia had been a member of the school choir and the pops choir in her 

first two years at the school, although she was not involved in those groups at the 

time of this study because she had started several new activities as a junior at the 

school.  She had joined the school service group that did monthly outreach days in 

the community and had also joined two environmental groups at the school.  One 

group had planned and planted rain gardens on the school grounds the year prior 

to the study, and during the course of this study, Amelia had joined the “Green 

Team,” the school’s main environmental group.    

 In observations of the class, Amelia sat next to her friend who was 

extroverted, especially compared to Amelia. Amelia spoke frequently to her 

friend during class, but rarely spoke to other students around her unless she was in 

a group work setting with them.  When in such settings, she would contribute, but 

often was quieter than the rest of her group members in terms of the time spent 

talking during group work.   

 Amelia was by far the most reserved participant in the second phase of the 

study.  She had a quiet demeanor in class as well as in our interviews.  She often 
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asked what I thought during our interviews immediately after she gave a response 

to a question.  Of all the participants, she was the interviewee who received the 

greatest number of follow up questions, since she rarely gave long answers to the 

questions.  Comparing the first interview with the third, there were noticeable 

differences both in the length of Amelia’s responses and her apparent comfort 

(e.g. in our first interview Amelia laughed only once at herself when she jumbled 

up a sentence, compared to the final interview which included 13 laughs).  As a 

result, much of the interview data used in the following sections are pulled from 

the third interview, when Amelia seemed most open and willing to express her 

ideas more fully.  By the end of the research process, Amelia was raising her hand 

and waving me over to her in class to ask questions and to add ideas to previous 

interview conversations when she thought of a new example or question on a 

related topic. 

Amelia’s phase one data.  In the first two interviews, Amelia reported 

that the phase one experiences were “fine” and “not so bad…I wasn’t so sure 

about a lot of it, but it was, it was fine.”  However in our third interview, Amelia 

revealed, “I really didn’t like it…not that it wasn’t worthwhile, like for learning, 

I’m sure, but I didn’t like it…there were too many things to get wrong.”  

Interestingly, she was the only one of the case participants who expressed a 

dislike of the first phase, but she also had among the highest scores in the class 

with the exception of the hydrological survey (see Table 9), for which she scored 

4 of 10 possible points placing her in the bottom quartile of the class.  “Yeah, that 

water one was tough…I just kept thinking about the little water cycle song we 
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used to sing in grade school, but that didn’t help at all [laughs].”   I asked Amelia 

why it was tough, and she replied, 

“Was that the first thing…yeah, that’s right, it is, was the first one we did 

with you, so…I think it was hard because of that, and it was hard because 

we hadn’t, well, we…we hadn’t got any teaching, I mean lessons about it 

in APES, and that made it hard too I guess, like I didn’t have any 

information to put down.” 

Interestingly, Amelia’s hydrological survey was the only survey that had no 

comments included; she simply circled answers and checked boxes on the survey.  

Both her beliefs survey and her climate change content knowledge survey had 

comments and notes included.  I asked Amelia how that compared with the 

climate change content survey and the beliefs and attitudes survey, to which she 

said, 

“I guess…well, those ones, I knew that was something I wasn’t expected 

to know, we hadn’t studied it and the other one was just my opinion…the 

water one seemed like I should have known the answers because, well 

because its just water I guess and it felt like I should have covered that, 

and known it enough by then.” 

 On the other hand, Amelia reported enjoying the farming scenario and 

having “spent a ton of time on that, whole thing.”  When I asked her how much 

time she had spent on the task, she said “about 4 hours, that’s out of class I 

guess.”  She said she spent time online researching and also spent “at least an 

hour of that time looking at the maps…those were cool.”   Even though Amelia 
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scored in the lowest quartile on the hydrological content knowledge survey, her 

responses to the farming scenario indicated a much higher level of understanding 

around hydrological content than her survey indicated.  In her responses, she 

gives two potential examples of cycles in which the pesticide, if applied to crops 

could impact not only the environment, but the farmer herself.  When Amelia and 

I talked through her farming responses, she explained the first of the two different 

paths, which involved the potential for runoff because of the location of the farm 

in the watershed, 

“So…I’ll start here with the runoff…like, I used the maps and thought, 

thought a lot about them when I was writing…and the big thing I noticed 

with the map [points to the satellite map] is that this river is pretty, its 

pretty close to the farm…but then this one [points to topographical map], 

this one shows, it still shows that the farm is close to the water, the 

river…but it also says that it is on a big hill, so it’s all downhill to the river 

from the farm.” 

I asked Amelia how that impacted her responses to the farming scenario, to which 

she responded,  

“I guess, well it is going to be a problem with runoff…that’s just one 

problem, but because it has so much downhill, the gravity is not going to 

let the water sit…I mean if it rains or when she waters her crops after 

putting this stuff on it, the water is going to carry it downhill…and it 

won’t really stop at all until it hits the river, and that’s bad I guess.” 



   141 

I asked Amelia what she meant by “the water won’t really stop at all,” to which 

she replied, 

“Oh, I forgot…I guess when water just keeps moving on the surface, like 

down this hill from the farm [points to topographical map], it just moves 

on the surface, and nothing really…nothing has a chance to get the 

pesticide out of the water.” 

After giving a 5 second pause, I asked Amelia to say more about how the water 

stopping would be different. 

“If it stopped, well I guess it would kinda depend on where it stopped…let 

me think…well if there was a low spot where it could rest, or stop and not 

keep running, then it would sink into the ground maybe…if it was dirt, 

maybe not with rocks…but then if it sank into the ground, then I think the 

ground can, pull, or be like a sponge and pull out the junk, the 

pesticides…at least I think that is what could happen I guess…that’s 

probably wishful thinking.” 

Since it was not explicit in her response, I asked Amelia to talk me through how 

these cycles could “come back to the farmer and her family,” as she warned in her 

written response.  Amelia said, “If it gets into the water that easily, from run off, it 

could pretty easily get back to the farmer.”  I asked her to give me an example of 

how that might happen,  

“Okay, so the stuff gets into the river because it runs all the way down the 

hill without stopping…then, lets see, there are fish there who could absorb 

the pesticide, then larger fish eat that one and, then if the farmer goes 



   142 

fishing in a lake nearby, and catches a fish that had all this junk in it, then 

she would get it, only if she ate the fish I guess…I forget what that’s 

called…accumulation maybe, [our teacher] mentioned this in class with 

mercury and tuna.” 

Amelia later gave an alternative path through which the pesticide could return to 

harm the farmer. 

“It depends on how she puts it on her field…when I looked at this 

pesticide online, it said that you usually have it sprayed on the 

field…which is different, I guess I don’t know much about this farming, 

but I thought it would be like a little pellet or something, like fertilizer I 

put on our house plants…but if it is sprayed, like from one of those 

sprayer tractors, then it is, it is…it’s mixed with water and that could be 

way quicker.” 

I asked Amelia to say what she meant by “it would be quicker.”  She replied, “It 

will be quicker to get back to the farmer.”  I asked for how that would happen, 

and she responded, 

“It’s already in the water that way, like it’s not in solid form, its already 

liquid…so if that liquid evaporated, the farmer could like, she could 

breathe it…like even while she’s spraying the next line, or row or 

whatever, if some of it evaporated on a hot day, she could be breathing all 

that in like just after she sprayed it…maybe she would be wearing a 

mask.” 
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After the interviews, during passing time, Amelia approached me with another 

example that she thought applied to this situation.  This conversation followed a 

class discussion in which the bald eagle population decline in previous years was 

discussed.  

“The corn bores are not the only bugs in a field right, so if other bugs are 

walking around and getting the pesticide on them, especially if it is in a 

liquid, liquid forms, then they may…they may get eaten by birds or by 

little critters in the field…and then that critter might get eaten by 

something the farmer eats, like a duck or something…that would be bad 

too, I should have mentioned that in my recommendation.” 

While her phase one data, specifically her hydrological survey, seemed to indicate 

variation, her explanation of the farming scenario led me to believe that she had 

much more hydrological knowledge than she indicated on her survey. 

Evidence of Amelia’s beliefs and attitudes of climate change.  

According to her belief and attitude survey, Amelia identified as having 

“Cautious” characteristics on the Six America’s scale.  Cautious respondents are 

characterized in the Six Americas study as believing that global warming and 

climate change are a problem, but are generally unsure of its causes and scale.  

Cautious respondents usually do not perceive the issue as immediately threatening 

and do not communicate a great sense of urgency to mitigate the problem.  

Amelia’s phase two data indicated that this generalized description of a Cautious 

respondent was applicable to her as an individual case.   
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Amelia regularly referenced the magnitude and complexity of climate 

change.  In every one of our conversations she made at least one reference to this 

complexity with comments such as “[climate change] is just so mixed up…it’s 

hard to get a grip,” or “I don’t even know where to start, it always seems like 

wherever you, I start somewhere like with greenhouse gases or something but 

there are so many other things out there you are not thinking about.”  In our third 

interview, after the climate change unity, she went further with this sentiment of 

magnitude when she questioned whether climate change was a good topic to 

discuss in a high school classroom, 

“It’s hard to listen to something, and be tested on it by [my teacher] when, 

when I don’t think she understands it totally…don’t tell her I said that 

[laughs]…no, she knows her stuff, but…I just look at how confusing it is, 

and even people, even the experts [manually gestures quotes with her 

hands when saying experts], are arguing and are all, they are just confused 

all the time too, and they are experts.” 

I asked Amelia what she thought they were confused about or what was being 

debated amongst the “experts” she had in mind.  She said, 

“Okay, they aren’t confused I guess, but there are different perspectives 

and opinions…I know almost all of [the experts] are, they all agree 

climate change is happening…but it seems like even people who agree are 

finding out new stuff I guess.” 

I asked Amelia for an example of something they had recently found out, to 

which she replied, 



   145 

“I don’t, well I don’t know how recent this is, but I know that people, like 

even experts were surprised by how fast the ice was melting…because I 

think the water drilled down into the ice and then melted it underneath or 

something, [my friend] told me that but I think it’s true.” 

At the end of this conversation, Amelia returned to what she said was her point at 

the onset of the conversation, 

“I guess what I am saying is, or asking…if this is so confusing and 

complicated, even for experts who do this all day long and are like doctors 

and stuff, why would we talk about it in a high school class…it just seems 

like it isn’t possible…like trying to test us on string theory or something.” 

I asked her what she meant by “not possible” to which she replied with among the 

most interesting critiques of the class I had heard in all the interviews, 

“It isn’t possible to cover it all, and not really, we can’t understand it all, 

so why discuss it…its impossible to ever really get this stuff even for the 

experts so it seems like it just gets dumbed down so we can fit it in…I get 

that we, we need to learn some things that are on the AP test, but if we are 

never going to understand it, it seems like a…its not possible so it seems 

unfair, or maybe dishonest I guess.” 

Amelia’s awareness of the complexity did not, however, seem to impact her 

interest in the topic and her willingness to explore the issue, complex as it may be, 

“It makes me want to learn more about it, I mean this is maybe one of the 

most important things to, study and know…but there wasn’t enough time 

in this class…my sister is already sending me articles from her college 
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classes [laughs]… so I can keep learning like that too, until I can take 

other classes I guess.” 

However, these expressions of interest and motivation that occurred in the 

interviews to learn about the topic were not observed or heard from Amelia 

during classroom observations.   

Evidence of Amelia’s content knowledge of and system thinking 

application to climate change.  Despite her humble attitude, quiet demeanor, and 

frequent references to the complexity of climate change which made her aware of 

“how tiny, tiny little pieces of the puzzle” she claimed to understand, Amelia’s 

phase two data suggested that she was able to identify, organize and agilely talk 

about many components, relationships and processes involved in climate change.  

In our conversations, Amelia referenced several less common aspects of climate 

change.  Furthermore, she was not only able to identify these components in 

isolation and organize them in the overall system, but she was also able to connect 

seemingly disparate components with others during our conversations.   

In this way, Amelia demonstrated several system theory skills in the 

second phase of the study through our conversations.  She was able to identify, 

organize and talk about components, relationships and processes involved in 

climate change.  She was able to talk about hidden dimensions and was also able 

to make connections between systems.  While all her statements were not 

completely accurate, she did reference and seem able to grapple with these less-

referenced components of climate change.  As an example, Amelia expressed the 
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following statement that not only expressed understanding of the albedo effect 

(she never labeled it as such), but also its relationship to precipitation,  

“If the snow, and the ice too, are reflective, that keeps the crust 

cool…cooler, and so then if its cooler, less melts, so there is less to 

evaporate and less to precipitate…I think there is more precipitation, yeah 

[our teacher] showed us those graphs, and I think there is more 

precipitation because it is, because more water melts…it’s a double thing 

because is it not reflecting once its liquid, and also, also it can evaporate 

easier…and its hotter because of all that too…so it grows and grows…its 

not just a single thing…this is where it gets too big for me [laughs]…” 

Amelia also was able to talk about the possibility that changing temperatures may 

impact tree health which she connected to ground temperatures, 

“I read this thing from this magazine my mom gets, and it was talking 

about trees, how the trees, not just in Minnesota, but…how the trees are 

getting diseases, from lots of things, but global warming too…like its 

getting too warm for some trees…so I think, this could be really bad for 

the trees obviously…I guess they could get sick and die…and if they were 

trees that drop their leaves, then if they died we would have fewer leaves 

on the ground.” 

I asked Amelia why fewer leaves would matter, to which she said, 

“Well, we use leaves in our garden to keep plants safe from winter, like to 

keep them warmer during the winter…otherwise the cold can kill their 

roots I think…so if all these trees, it would have to be a lot of them I 
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guess, but if they all died, like a whole area, then there would be less 

leaves and the little plants may all, they wouldn’t have the leaves to 

protect them in winter and they would die I guess…that wasn’t in the 

article I guess, but it is something I thought of when I was helping my 

mom.”  

Finally, Amelia was able to talk about less common carbon-cycle inputs.  She 

mentioned vegetative respiration, vehicular outputs of carbon and volcanoes, all 

of which were mentioned by other students, perhaps because the teacher 

addressed these in class.  However, when I asked her about how else carbon could 

move from one place to another on the Earth, she gave the following example that 

was not given by her teacher,  

“Hmmm…other than we already talked about, I…well I remember 

thinking about that picture of the crust…when [my teacher] was talking 

about the carbon cycle…and it showed that there was carbon down in the 

ground that was trapped…and we dig it up for fuel for cars and tractors...” 

I reminded Amelia that she had mentioned that she had already given that 

example and she replied, 

“I know [laughs]…I’m getting to it [laughs]…so there is that carbon down 

there and it comes up as gas, or oil I guess…and it can also come up in 

volcanoes…wait, maybe that isn’t carbon…well anyway, I also think that 

it could get released, like unlocked, if there was an earthquake and the 

ground splits open…then it could get released into the atmosphere, 

right…maybe it wouldn’t because it wouldn’t…not, necessarily, be a gas I 
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guess…but maybe it would…even those underground ones that case 

the…like in Japan, the tsunamis, maybe the carbon went into the water 

when it split open…” 

In these ways, Amelia demonstrated an ability to identify, organize and talk about 

components, relationships and processes involved in climate change, and 

relatively uncommon ones at that.  Furthermore, she was able to talk about hidden 

dimensions (such as underwater earthquakes and ground insulation), and was also 

able to make connections between systems (such as connecting albedo to 

precipitation and connecting increased temperatures to decreased tree health and 

less ground insulation).  Interestingly, as one of the participants who believed she 

knew “probably less than anyone in the class,” Amelia’s phase two data suggested 

that she was among the most proficient with talking within and between the many 

components, relationships and processes involved in the complex issue. 

 Themes in Amelia’s data. Based on Amelia’s data from phase two of this 

study, evidence for the five major themes emerges for her particular case in terms 

of how her beliefs, attitudes, content knowledge and system theory skill 

application intersect in the data. 

Motivation, engagement & perseverance. In general, Amelia’s quiet 

demeanor was present in the interviews as well as in class.  However, her 

motivation, engagement and concern seemed peaked at times of complexity.  The 

situations she seemed most motivated and engaged included: (a) discussions of 

unknown topics or phenomena, (b) areas of debate, (c) situations allowing Amelia 

to speculate outside of what was given in direct instruction or in the textbook, and 
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(d) situations allowing Amelia to muddle through and vent about her perception 

of the complexity involved in these issues.  This is not to say that she didn’t 

express difficulty and even exasperation at these challenging conversations, but 

both the length of her responses and the likelihood that she would want to return 

to the topic later in a conversation was most likely if the conversation involved 

some degree of ambiguity or complexity. 

Phase one belief category alignment to phase two data. Amelia’s 

“Cautious” belief and attitude identification was clarified in conversations with 

her.  At first glance, her Cautious identification indicated that she was less aware 

of causes and scale of climate change. While this may be true of many 

respondents who are identified as Cautious by the Six Americas study, Amelia’s 

categorization seemed less a function of a lack of knowledge about the causes and 

scale of climate change, and more a function of her perception that her knowledge 

on the issue was tiny in comparison to the overall complexity and magnitude of 

the issue.   

Social and scientific foundations.   Amelia was more likely to take risks, 

make guesses, and consider alternatives in conversations that surrounded a topic 

that she wasn’t “supposed to know about already” from previous formal, scientific 

instruction.  The most glaring example was her low score on the hydrology survey 

that she expressed anxiety around because she was “supposed to know” about 

water already and the complexity of the questions made that a challenging 

exercise, one which she did not take the opportunity to give explanations or notes 

in the spaces provided.   
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However, Amelia demonstrated far less difficulty with the same topics 

when approached in a context that was not seen as formal or explicitly scientific 

by Amelia (the farming scenario).  In her responses to the farming scenario, 

Amelia demonstrated not only above-average knowledge of the hydrological 

cycle, but also a willingness to take risks by share ideas that she was still unsure 

of herself.  Similarly, with the topic of climate change (which she viewed as novel 

throughout the study, even after the climate change unit because of its 

complexity), Amelia regularly speculated about various processes and ideas.  She 

was also more open with sharing developing ideas of her own in the context of 

climate change. 

Depth, breadth and scale of climate change. As mentioned in the 

previous sections and throughout her case description, Amelia was consistently 

concerned with the complexity, depth, breadth and scale of climate change.  With 

this perception, she did not think the APES classroom was the place to study this 

topic due to the magnitude and technical nature of the content.  The complexity 

she grappled with seemed too large for the context or temporal bounds of the 

APES unit on climate change, and too large even for a full course.  However, 

Amelia was constructively critical of the course’s treatment of the topic of climate 

change, and that critical awareness motivated Amelia as opposed to stalling her 

interest, as was the case with other participants.   
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Oscar 

Oscar’s background, disposition and class behaviors.  Oscar is the 

younger of two boys in his family.  He often mentioned his brother in our 

conversations, who was in his final year of college during this study.   Oscar 

indicated that they were very close to one another and had started a landscaping 

company together that had been “super successful” since its start two years prior.  

At the time of the study, Oscar was in his senior year at the school where the 

research was conducted.  Oscar had attended a public high school for his 

freshman and sophomore year, and had transferred at the start of his junior year to 

the site where the study was conducted.  Oscar planned on going to a large 

Midwest university the following year to study economics, the same university his 

brother was enrolled at the time of the study.  With a degree in economics, Oscar 

said he would like to work with accounting in a large business with his degree and 

had strong feelings about studying something that would “kick my butt” like 

economics, which he believed was “way tougher, and way, way more worth the 

money” compared to other degrees related to business fields such as management 

or communications. 

Oscar was a very friendly student who “made lots of friends” when he 

came to the school, for which he thanked his involvement on the soccer team and 

the Link Crew, a group of junior and senior students who are paired with 

freshmen and sophomore students at the beginning of the year to act as mentors 

for their first two years.  He took his role very seriously in this group and enjoyed 

his involvement and relationships with his mentee, mentioning that he had “never 
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had little kids, like siblings or cousins around…” and he liked being able to help 

younger students to “not fall into the silly stuff right away” during their first year 

at the school.   

While Oscar was always around others in the hallway and class, he was 

self-admittedly “not super outgoing,” but observations and interviews revealed a 

quietly confident person who smiled and made eye contact at every encounter 

with adults and students alike.  I often saw others approaching Oscar or initiating 

conversations with him, to which he would engage quickly with a smile and 

conversation.  However, I did not observe Oscar actively initiating conversations, 

calling to friends in the hall, or calling attention to himself during the study. 

Prior to taking the APES course, Oscar had taken science courses, which 

he received “As and Bs…I never worried too much about the classes, they are 

interesting…” He didn’t mention any specific classes in the sciences that he 

enjoyed more than others, noting “I guess I like labs, in any class…but, yeah, I 

don’t really, have a favorite or anything…I just took them so I could graduate 

[laughs]…” When I asked Oscar why he had taken the APES class, he reported 

that it was an elective, that he  

“Wanted to take something harder, and this one I could get, some college 

credit…I mean if you are going to pay tuition, then…I don’t know, why 

like, you would take a study hall or something…lots of my friends do that, 

and that’s cool, but just, doesn’t make sense to me…” 

He also reported that he had been debating between APES and anatomy, but had 

decided on the APES class because several of his friends were taking the class. 
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 In observations, Oscar sat in different places, never sitting in one single 

location as many students in the class did.  Starting the second week I was 

observing the class, I noticed that on four occasions, he never seemed to survey 

the class for open spots to choose from, but rather walked in and sat at the first 

desk with an open seat.  Regardless of who he was seated next to, he always 

seemed to be in conversation within a few minutes of sitting down. 

Oscar’s phase one data.  Oscar indicated that the experience with the 

surveys, and farming scenario during the first phase of the study were 

“interesting,” and that he wondered about the connections between the tools, 

“They were interesting questions…I didn’t know what we were moving to…like 

the first one, the water one I think, that wasn’t about climate change at all, and 

that is what the study was about…so I think I was surprised to be talking about 

water at first…” While later he was able to connect the water cycle quite quickly 

to concepts about climate change, this tendency of an initial perception of 

disconnection leading to a self-articulated was a pattern that occurred several 

times in his phase two data.   

Oscar stated that all the measures were “not super easy, but not really too, 

difficult either…” This perception of ease was paired with generally good scores 

on the phase one data collection tools.  He mentioned that he particularly liked the 

farming scenario and had talked to his dad about it at home two nights in a row 

while working on his response and had his brother give him feedback before 

submitting it the following day. Oscar scored well on both measures; however his 
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written response was more detailed than his mapped response.  Oscar’s phase one 

data can be reviewed in Table 9. 

Interestingly, Oscar was the only student in the entire class who 

recommended using the pesticide to mitigate the corn borer in the farmer’s field 

(all other students in the study recommended in their responses that the farmer not 

use the pesticide).  In his written response, he gave reasons why others may 

recommend that he not use the pesticide, citing “potential environmental effects” 

such as “contaminating water sources,”  “poisoning wildlife” and “ingesting the 

pesticide yourself.”  However, he goes on to recommend that the farmer “take a 

few common sense precautions” when applying the pesticide such as (a) wearing 

protective clothing, eyewear and a mask, (b) not letting her dog or kids into the 

field for at least two days, and (c) not applying it in spray form too close to the 

cliff next to the east side of her field, (d) following the guidelines from the 

manufacturer and (e) marking the product packaging as needing washing before 

consumption. He notes that the trade off of potential environmental effects would 

be “tiny” if these precautious were followed, and that the economic benefits 

would outweigh potential environmental issues.  If the farmer followed these 

precautions carefully, Oscar stated, “there is no reason to not apply the pesticide 

to care for your crops.”   

Oscar’s phase one data scores were generally above average in relation to 

the rest of his classmates involved in the study.  His scenario response 

(particularly his written response) was well constructed and indicated his ability 

to apply many system theory skills to the scenario (as measured by the rubrics).  
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He also demonstrated above average hydrological content knowledge on the 

survey tool.  The exception to his high scores, however, was his climate change 

content knowledge survey, for which he scored well below average in his class.   

Oscar reported having low anxiety about the data collection tools, 

knowing that they were not graded and had no impact on his grades in the course, 

“so I was probably more honest than I would have been otherwise…” When I 

asked him to say more, he said, “well, on the climate change one, I guess I just 

answered what I believed instead of what the teacher thinks.”  I asked him, to 

clarify if he was thinking about the climate change beliefs survey or the climate 

change content knowledge survey to which he replied, “Oh, well I obviously said 

what I believed on the beliefs survey [laughs]…but I was talking about, I mean 

the one with the pictures of the glacier, I just answered what I believed and not 

really what the teacher thought…” The survey with the glacier photographs he 

referred to was the climate change content knowledge survey.    I was interested 

in this comment, because when the survey was given, the climate change unit had 

not been taught yet in the class, which made me wonder how Oscar knew what 

the teacher thought about climate change prior to the instruction.  Oscar replied, 

“yeah, well its nothing she said…but you can, its just pretty obvious I guess…I 

could have told you before I even met her what she thought about climate change 

[laughs]…she’s obviously a liberal...not that that’s bad, but its obvious…” 

I found it interesting that Oscar made these comments about the content 

knowledge survey, namely that he correlated the content knowledge to what he 
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“believed.”  This connection between beliefs and content knowledge is discussed 

more in the next section of Oscar’s case description.   

Evidence of Oscar’s beliefs and attitudes of climate change.  Oscar’s 

responses on the beliefs and attitudes survey indicated that he was one of three 

participants who were identified in the Six Americas group of “Doubtful” 

respondents who demonstrate a range of beliefs about whether global warming 

and climate change are happening. Doubtful respondents, in general, indicate a 

belief that natural causes are to blame for changes, if they are happening at all, 

and if there are any harmful effects at all, they will be minor.  Much of the data 

from the second phase of the study indicates that Oscar’s beliefs were generally 

aligned with this description of Doubtful respondents.  However, several 

interesting nuances emerged during observations and in interviews. 

Oscar believed that climate change was happening, as defined by a general 

upward temperature trend on the planet, “You mean climate change like, whether 

it’s getting warmer on average on Earth…yeah, for sure…there is a lot of data out 

there, and I believe it, it is true…data that it is getting warmer…”  However, he 

was quick to add to this statement of belief the qualifier, “…but if we are talking 

about why it’s going on, that’s different.”  I asked him to say more about what he 

meant and how it would be different.  He replied, 

“Well no one really knows why its happening…I know some people 

probably say otherwise, but no one has convincing evidence about what is 

causing it…I mean, if I had to say what it is, it is probably the normal 

cycle…the ice ages and…volcanoes putting the greenhouse gases out 
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there…I think the way the Earth orbits the sun might be changing too 

which would make things, change more…” 

I asked him whether he thought there were any human influences and he said the 

following without interruption, pausing several times during the comment,  

“Sure, I mean we drive a ton and burn lots of fuel and have cows farting 

and [laughs]…maybe that is the cows thought, even though we raise 

them…but that is so tiny, such a, such a tiny little piece of it that it can’t 

be the main impact…I just think of a picture of the whole earth, like the 

ones from the moon…and when you look at how big it is, and how small 

we are, there is just no way we are making that big of a change…we are 

too small even all of us put together, there is something going on that we 

have nothing to do with…like natural causes, like you said…I don’t 

pretend to know exactly how those work or make the big changes, but it 

has to be the earth itself to change the whole earth’s climate…” 

Oscar maintained this belief of naturally caused climate change throughout the 

study.  Interestingly, his belief became stronger in the second and third interviews 

(during and after the climate change unit).  In the second interview, he noted, “We 

don’t really talk about the natural causes…not in class…I mean [my teacher] 

mentioned them, but we never talk about them…I just think its hard for me to 

change my mind without that…”  I asked him “without what?” to which he 

responded, 

“Well if she can’t tell me why those natural things are not, are not the 

main causes, then why would I change my mind…that sounds like I’m 
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closed, closed off, like I’m being a pill just to be a pill…but really I just 

need more information…and no one has given me that, not enough to 

make me change how I see things…” 

In the third interview, after the climate change unit had been taught to the class, 

Oscar returned to this idea and said, 

“We didn’t really cover anything too deeply, and I get why [my teacher] 

needed to move quickly…we have the test to work towards, so I get 

it…but there was, there was nothing convincing, you know…definitely 

nothing that convinced me at least…there are other kids and they grab on, 

like during the classes about all of this…they get one piece of info from 

[my teacher] or the book or a video…and think that is it…like now they 

have their ammo and they just go along with it…” 

I asked Oscar why he thought classmates would “just go along with it,” he 

succinctly said, “Well I do too [laughs]…I know how to talk, and write for 

class…and for tests…just because I don’t believe it doesn’t mean I can’t do it 

when it counts, get my grades and credit…” He went on to say,  

“I think the difference is that some of them really do believe it…they 

don’t just say it on tests and in class, but they really believe it…which I 

just don’t understand, unless they have been studying this stuff for a long 

time…unless they know something I don’t…” 

At one point, Oscar admitted withholding these doubts in anthropogenic causes 

while in the classroom because “…I know how [my teacher] thinks about 
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this…she really believes it, and I don’t want to, make her think, I just don’t want 

to get into that…” 

While Oscar’s data in the second phase generally aligns to the Six 

Americas description of a Doubtful respondent, he did diverge in one significant 

way from the general description; he believed climate change, and specifically 

global warming would have major consequences.  More specifically, Oscar made 

the distinction that there would be consequences to the earth that would require a 

change in life, but did not believe these consequences would end life.  When I 

asked him to explain this, he said, 

“I think the biggest thing is that it is slow…that it is happening slowly, so 

we have time to plan…like if the sea water rises, it is going to rise really 

slowly which I think is already happening…but we have time to make 

technology, like levies or better houses or better things like that, that will 

let us live in the world even if the water rises a lot.”   

In the class, the teacher had discussed several examples of current climate 

changes that were impacting lives currently (e.g. increased intensity of storms, 

increased precipitation, smaller seal hunting grounds for native communities).  I 

asked Oscar what he thought about those examples and he said, 

“I think they are happening, yeah, for sure…I mean I believe they are 

happening…I don’t want to sound cold like…like I don’t think those 

things are serious, because, they are for people and their, lives…but how 

are those connected to climate change…I mean yeah, things change on the 

planet and that effects some, some people more than others, but that’s 



   161 

normal…that sounds bad…its not good or fair or, or anything like that, I 

don’t think that at all…but it is normal right…like there are always 

droughts and storms, before we ever talked about climate stuff…and 

floods too, my uncle lives in Fargo and they get all that too…but that’s not 

climate change, at least I can’t explain how it is…” 

I asked Oscar to say more, that if these were not connected to climate change, if 

we should be acting to solve them, to which he said, 

“Well we aren’t causing it right, so how can we stop it…not that we can’t 

help people with these things, I think we should, for sure…but not driving 

or something isn’t going to stop this from happening…so what I’m saying 

is that we didn’t cause it, so we can’t stop it, but we can plan ahead 

to…when the earth changes a lot, we can have new technology and plans 

so we are ready, because things will be different, definitely different…” 

When I asked how he imagined it would be different, he gave several examples, 

“Well it will definitely be wetter [laughs]…and maybe we will need to 

have different plants and crops, like…ones that can do with more or less 

water I guess…or plants that don’t mind more heat…and I think there will 

be some spots that we can’t live anymore on the globe, like maybe on the 

coasts or near the equator…but maybe there will be spots that it is, like 

better to live that are not good right now, like Canada or Greenland…” 

Oscar’s belief that human causes were not at play with climate change regularly 

came back into our conversations.  This did not mean he thought that there would 

be no changes to the environment, but it did seem to impact his perspective on 
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whether it was able to be slowed or stopped (he didn’t think either was possible 

since they were being caused by “much bigger things, bigger forces”).  It also 

impacted how he believed humans should be acting with these changes in mind.  

As he put it,  

“If people spent as much time into planning and developing ways to make 

life better with these changes, less, well, less time into going green [waves 

hands in air] and trying to stop it by riding a bike, I like to ride bikes so 

don’t get me wrong, but less…less time on trying to stop it and more time 

on making sure we are ready…so we are ready when it happens…that’s 

where we should go…” 

 Also, as referenced in the previous section, Oscar seemed to tie his beliefs 

to the climate change content knowledge survey.  As he said, when completing 

the content knowledge survey, he put down what he believed.  When I asked him 

what he meant by this, he made several statements that indicated that the content 

of the survey was more politically laden than based in science.   As he noted, “All 

of it is debated on the news, and people aren’t really sure of any of it…so I gave 

what I believed, even if other people like [my teacher] or the book gave a 

different belief.”  During the second and third interview, when talking about 

climate change, Oscar continued to indicate that climate change content 

knowledge was still so unclear and tenuous that it was driven more by politics 

than science. 

“This is why that survey was weird, I get the science around it…and yeah, 

I believe lots of it…but aren’t there studies that say everything, anything, 
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especially about the causes…so I don’t really think there are, that there 

could be correct answers on any of those questions…I mean if there are, I 

don’t know about it…everything I hear is that there is still too much 

debate, too much debate to be able, to say yes this is how it is, this is 

correct…some people in class think that way, but I don’t get it…where do 

they get that?” 

When I asked him what he meant by “where do they get that,” he said, “where do 

they get, where do they get to be so sure, that it’s scientific I mean…so confident 

that they are right…”   

Of important note is that observations of Oscar in the classroom never 

revealed sentiments of doubt of human impacts of climate change. He was 

generally quiet in whole class conversations, which made him less vocal in 

general, but even in small groups and pairs, I never once noted Oscar as making a 

statement that would have revealed his doubts expressed above, which came out 

exclusively in our interviews and through the phase one data collection tools, 

which were activities that were repeatedly messaged as anonymous to everyone 

other than myself. 

Evidence of Oscar’s content knowledge of and system thinking 

application to climate change.  Oscar’s second phase data indicated that he was 

able to apply many system theory skills to the topic of climate change.  Oscar 

demonstrated the ability to identify and organize components and processes of 

systems not only those that had been explicitly taught, but he frequently brought 

components in that were not explicitly taught in the course.  Oscar was able to 
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identify and understand hidden dimensions of systems within climate change.  He 

also demonstrated the ability to apply an understanding of scale (both spatial and 

temporal) to issues around climate change.  The system theory skill that Oscar 

struggled with most was the ability to articulate strong inter-system connections.   

Interestingly, Oscar’s ability to apply these skills seemed directly related 

to the context of the conversation as well as the time he had to talk about the 

potential connections.  When given little time and a discrete task context, Oscar 

was less able to demonstrate many of the system theory skills, compared to times 

when he was given a situation or example form the real world to think about for 

several minutes.  In these situations where he was given a real-world example and 

given as much time as he wanted to think through the example, he was often able 

to demonstrate all system theory skills, even articulating connections between 

systems which was the most infrequent skill demonstrated by Oscar. 

In our conversations, Oscar regularly started by giving responses that cited 

textbooks, teachers, his parents, his brother, the newspaper, news or a movie, 

“Yeah, so greenhouse, greenhouse gases like CO2 and methane, lets 

see…yeah, that article talked about water too, being a greenhouse because 

it holds heat and that’s what makes it seem hot when it’s humid, that made 

sense when [my teacher] told us that…” 

However, once Oscar had given some information from one of these sources, he 

regularly began to talk more about experiences of his own and made guesses 

about phenomena based those experiences, 
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“The whole water thing is confusing though, like how it makes things 

hotter, that doesn’t always seem true…I know that humid days are 

hotter…and…but it sometimes seems cooler by water, we always sit by 

those, those creeks, to rest when we go hiking…its not just to drink it, it 

feels cooler next to the water…is that just mental [laughs]…but maybe 

that’s the liquid water that feels cooler and the gas water, I mean the gas, 

the vapor is hotter…” 

Later in the conversation, when we were talking about evaporation, Oscar 

returned to this part of the conversation to offer another thought, 

“Oh, is that why the liquid is cooler than the gas…like when it’s a liquid it 

cools things off until it turns into gas and then it doesn’t cool 

anymore…just think about it you pour water on your head during a game, 

it keeps you cool but…then it evaporates into a gas and isn’t cool 

anymore…” 

While Oscar’s statement is not completely “correct knowledge” compared to an 

expert model of thermodynamics, it illustrates Oscar’s tendency to speculate and 

apply ideas to his own experiences as time went on in our conversations.  This 

application to his own life and real-world situations not only acted as a setting in 

which Oscar seemed more willing to keep talking about the topics, but it also 

seemed to increase his ability to apply system theory skills to a situation.  In the 

third interview, I had initially asked Oscar what glacial melt had to do with other 

changes in climate, to which he responded, “well, not much, I mean I get the idea 

that the ice melting changes the sea level because we talked about that in 
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class…and it makes sense…” I asked him if glacial melt could impact the weather 

in any way, to which he said,  

“No, I don’t think so…no, because it isn’t impacting the atmosphere…just 

the water…like the amount of water as a liquid increases…hmm…but no, 

I don’t think that would do anything to rain…there is still just as much 

water around, its just liquid…” 

Five minutes later in the conversation, however, Oscar was describing how he 

thought weather was changing in terms of storms.  On this topic he made the 

comment, 

“I think [our teacher] said that we are getting more rain in some areas and 

less in others from climate change…she showed us a big map, and I think 

that is because if things are getting hotter, then it would make more, it 

would evaporate more water, and then here is more water in the air to 

rain…so as it gets hotter, that makes sense that more water evaporates and 

rains…but there are spots, wait…there are spots where there is less rain or 

precipitation…but I think that…lets see, yeah the spots I think…this could 

be wrong…” 

I told Oscar this was a really interesting thought and encouraged him to continue.  

He went on to say,  

“Okay, well I think the spots with more rain are near the hotter areas of the 

globe, I think that is what that map was saying…so that makes sense, there 

is more heat to evaporate the water around there…and the areas with less 

rain are not as hot and that makes sense too…” 
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Oscar then tied the current conversation of precipitation changes back to our 

conversation about glacial melt, demonstrating the system theory skill of making 

inter-system connections, “This makes me think of that question you asked, like, 

the question about the weather and if glaciers melting changed weather…is that 

what you asked…” I nodded and repeated the question of whether he thought the 

glacial melt could impact weather or not.  He nodded, leaned forward and said,  

“And maybe it could...I really don’t know, but…when the surface area 

right, when the ice in the glaciers melts, then the sea level rises because 

there is more water in the oceans…but that is weird because it rises 

[makes upward gesture with hands], but it widens [makes outward gesture 

with hands]...” 

I waited for several seconds while Oscar seemed to be thinking through 

something, after which he made the following connection, which despite my 

attempts to keep as unintrusive and value-neutral as possible, I couldn’t help but 

respond to with “wow, great,”  

“And when it widens, there is more space there, I mean there is more 

surface area…so its like using those Petri dishes, they spread the water out 

a lot and it evaporates quickly, more than if there wasn’t as much 

area…so, maybe the oceans…then it is not just hotter but there is also 

more surface area for it to evaporate, the water to evaporate…so that 

probably makes it rain even more...hotter and more water area…” 
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Connections of this quality did not come quickly in conversations for Oscar.  

However, he did demonstrate an ability to make these connections through 

increased time in the interviews. 

Themes in Oscar’s data. Oscar’s data gives evidence related to four 

major themes in terms of how his beliefs, attitudes, content knowledge and system 

theory skill application intersect.  

Motivation, engagement & perseverance.  Oscar’s level of engagement 

was moderate throughout the study.  However, his level of engagement was lower 

when talking about the content of climate change, as he regularly returned to 

skeptical beliefs about causality, and was lower when in a context that he saw as 

formal when looking at the evidence of his response length and his tendency to 

pivot to another subject or indicate an end to his participation in a given topic 

with a short utterance followed by him waiting for the next question.  His 

engagement in less formal conversations and settings (such as the interviews) was 

demonstrably higher if viewed in terms of the length of his responses and his 

willingness to explore ideas outside his perceived knowledge base.  Oscar also 

demonstrated a higher level of engagement when discussing conversations with 

his father and/or brother.   

Phase one belief category alignment to phase two data.  The phase two 

data provided more clarity and information about Oscar’s Doubtful beliefs that 

were identified in phase one.  While the Doubtful category may fit Oscar better 

than most, the data points to several areas of interest.  For example the phase two 

data indicated that Oscar held a high level of belief in the discrete, scientifically 
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observed evidence of changes to the climate.  However, his Doubtful beliefs 

emerged specifically whenever causality of climate change was being discussed. 

Several times he expressed that he didn’t think anyone really knew what was 

happening, and that he many people (including his classmates) just went along 

with things and feigned understanding and conviction.  When pressed on the 

causes, Oscar did express more belief in non-anthropogenic causes.  He also 

diverged from the Doubtful respondent description because he believed that 

climate change, specifically global warming would have major consequences and 

that humans should be investing in solutions, specifically technology that would 

adapt life to the changes brought about by rising ocean levels, increased 

precipitation, and increased average temperature.  

Social and scientific foundations. In both interviews and classroom 

observations, Oscar attached less validity to classroom and media-based 

information (scientific foundations) than he gave to the information drawn from 

his family, (particularly his father and brother) and his own experiences (social 

foundations). He often characterized the evidence of human impacts of climate 

change delivered in class and by media as “not definitive.”  However, he never 

expressed the same unconvinced perspective about information that came to him 

from his father or brother.   

Depth, breadth and scale of climate change. Because of his perception of 

the tenuous evidence of causality behind climate change, Oscar saw climate 

change as a topic that was complicated and distorted by other areas other than 

science.  He viewed the content as a political conversation as much as a scientific 
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conversation.  While he was able to engage at a high level around discussions of 

the components and processes of climate change, whenever human effects on 

climate change were encountered, Oscar quickly took up a skeptical argument.   

While strong inter-system connections were never immediate in our 

conversations, there were three factors that enabled him to articulate those 

connections: (a) more time to consider the connection in general, (b) real world 

examples or situations for Oscar to apply his thinking, and (c) removing human 

components and relationships between systems whenever possible, leaving other 

paths to connecting the system.  The first two strategies are likely applicable to 

many cases and subjects outside this specific case and topic.  However, the 

strategy of removing the human components of inter-system relationships to allow 

Oscar to make connections was unique.  When we were able to avoid or remove 

the human components that seemed to block his ability or willingness to make a 

connection across a system, he was able to make great connections between 

systems, perhaps because he was able to preserve his belief system that doubted 

human involvement in climate change, and simultaneously let him focus on what 

he saw as more “scientifically valid” components and relationships.   

 

Victor 

 Victor’s background, disposition and class behaviors.  Victor is the 

second of three children in his family, with an older sister and a younger brother.  

Victor and his sisters were part of the third generation of his family to attend the 

high school where this study was conducted.  During the study, Victor was in his 
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senior year at the school, and had recently completed his early enrollment to 

attend a Midwestern university the following year.  Victor played on the football 

team and ran track.  He was also active in the school’s Junior ROTC military 

program (both of his sisters, his father and his grandfather also participated in the 

program).  The ROTC cadets conducted orienteering activities, service projects, 

crack drill exercises and inspection activities on a monthly basis.  Victor was also 

a member of the debate team, which came up several times in our conversations. 

 Victor’s experiences in science to that point had been “not too bad.”  He 

had taken the accelerated track during his first two years at the high school, 

enabling him to complete his graduation requirements in science early and freeing 

him to take two AP courses his senior year, APES and Physics.  He also took an 

AP English course and an AP Calculus class outside the science department.  He 

expressed that he wanted to be a civil engineer, so the physics and calculus 

courses were “really what I need for that.”  He also added that  

“The APES class adds…it’s useful because…engineers, need to think 

about environmental ideas…if you are building a bridge, you shouldn’t 

ignore how the, footings will impact the shore, or shoreline…you should 

build it regardless, even if it impacts the shore, but you should at least try 

to hurt as little as you can.” 

Victor also indicated awareness of the great economic benefits of enrolling in the 

AP courses,  

“It will definitely help, a lot, to have classes finished before I have to pay 

tuition…well we are paying tuition now at [this school], but it’s better to 
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finish them before I have to pay college tuition…It’s way cheaper, way 

cheaper [emphasized ‘way’] to take classes here than at a college.” 

In class observations, Victor exclusively sat next to a friend of his (with the 

exception of one day when he arrived late to class).  Victor and his friend were 

both enrolled in the AP Physics, AP Calculus, and APES course with one another 

and as Victor reported, “yeah, we have a study group, for all those classes there 

are four of us who are taking all of them, so we hang out a lot…I mean we study a 

lot [laughs]…”  Interestingly, Victor and his friend who he sat next to in class 

(identified as participant #14 in this study) were two of only three students in the 

class who identified as having “Doubtful” beliefs and attitudes (the third student 

identified as Doubtful was Oscar, discussed previously).  Victor’s beliefs and 

attitudes are discussed in subsequent sections.  However in terms of context and 

classroom observations, it was notable that Victor sat most often next to one of 

only two classmates who were identified in the Doubtful category.   

 Victor had an interesting manner when speaking, which was much more 

pronounced in the full class than in interviews.  In whole class settings, his 

statements were well constructed before he began speaking.  Victor often paused 

before answering a question and when he spoke, rarely used verbal fillers like 

“um,” “well,” “like,” and “yeah.”  When he asked a question in class, he regularly 

wrote the full question or at least an abbreviation of the question in his notebook 

before asking it out loud.  This resulted in a relatively formal and constructed 

statements and questions in class.  For example, when the class was discussing 

invasive species in Minnesota’s lakes, Victor first wrote this question in his 
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notebook, “If invasive species are introduced naturally into an ecosystem, are they 

still considered invasive?  Or do humans have to introduce them?”  He then 

crossed out the word “naturally” and wrote above it “without human intention.”  

A few minutes later in the class, Victor raised his hand and said, without visibly 

reading from his notebook, 

“I am curious…if invasive species are introduced without humans 

intentionally introducing them, are they still considered invasive or do 

humans have to play a role in introducing them for them to be considered 

invasive?”  

On the other hand, Victor never did this in our interviews.  He certainly referred 

to maps and concept maps for reference, but he never recorded an idea or question 

before verbalizing it.  However, he did still pause often before making comments, 

often in the middle of a thought. The comments that came after these pauses were 

well formed relative to other interview respondents in the sense that they did not 

rely as heavily on verbal fillers. 

 Victor’s notes were meticulous in classroom observations.  He wrote in 

clear print and used graph paper for all of his notes.  He regularly drew lines 

separating notes from one another, had checkboxes next to tasks lists that he 

wrote when the teacher was giving multi-step instructions for an activity (the 

teacher never had directions displayed for students either on the board or in 

handouts), and always had a highlighter that he used in his notes to “mark big 

ideas, important ideas that, we would need to know or that I thought were 

interesting, to me, personally.” 
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Victor’s phase one data.  Victor’s first phase data interested me before I 

began the phase two interviews, largely because there was a large span in scores 

between his two content knowledge surveys (both in the lower half of the class), 

and his responses to the farming scenario (in the top half of the class).  Victors 

phase one data can be reviewed in Table 9.  Specifically, I was interested in his 

climate change content knowledge survey.  For five of the questions, he did not 

choose an answer at all, but wrote a comment in the space provided.  Some of 

these comments stated that there was not enough scientific evidence to support 

any of the answer choices. For example, his response to the fourth question that 

asked whether average global precipitation would increase, decrease or remain 

unchanged due to temperature rise, Victor stated, “There is not enough evidence 

to link precipitation to temperature rise, so none of these choices is correct.”  On 

the fifth question of the survey, which asked where (geographically) the strongest 

and earliest impacts of global warming had occurred, Victor wrote, “There have 

been no proven effects of global warming that are not natural.”  

Interestingly, this strategy also appeared on Victor’s hydrological survey, 

but only for one question.  The tenth question on the survey, gave two photos of 

the Rhone Glacier, one in 1850, and the other in 2012, showing the retreat of the 

glacier face over time.  The question asked participants to identify what the causes 

of this retreat are, including an answer option of “other” and another, “none of the 

above.”  Even with these options, Victor did not check any of the answer boxes 

and instead commented, “I am interested if these images were modified.” 
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In our first interview, Victor asked to see where these images were 

published, so I was able to show him the journal article that published the photos 

(Huss, Hock, Bauder & Funk, 2010).  I asked what he thought, and he asked if he 

could print it off and read it.  I was able to print it from the teacher’s printer for 

him.  In our second interview, I asked Victor what he thought of the article.  He 

opened his backpack and pulled the article out of his notebook.  He had 

highlighted the title, “100-year mass changes in the Swiss Alps linked to the 

Atlantic Multidecadal Oscillation,” and said,  

“I didn’t read the article, it was a bit above my level [laughs]…but the title 

here [points to the title of the article]…I goggled what this means [points 

to ‘Atlantic Multidecadal Oscillation’]…I think it means that the glaciers 

are changing because the Atlantic water has been moving around 

naturally, over decades, many decades…so none of the answer options on 

the survey gave this reason for the glaciers changing.”   

I couldn’t help feel a bit caught by Victor at that moment.  Knowing this 

was not the best time to go in depth about the intricacies of this topic (involving 

impacts of salinity, temperature, wind and tidal forces on thermohaline circulation 

in oceans and the difference between correlation versus causality of that process 

on climate change).  Furthermore, knowing that a conversation about this topic 

could potentially derail the comfort and trust we had built over the previous 

weeks, I decided to acknowledge the truth that Victor had pointed out.  I nodded 

and said, “yes, you are right, the survey didn’t have that option, did it?”  I then 

asked him, “If you had that option, would you have chosen it?”  He responded 
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with a laugh, a long pause, and the statement, “well, I’d have to read the article 

first, and get a dictionary probably [laughs]…and maybe a degree in, whatever 

field this would be [laughs]…” 

Victor’s beliefs, attitudes, knowledge and system theory skills related to 

climate change are discussed further in the following sections.  However, for the 

purpose of this portion of the case description, it is important to note that (a) 

Victor was the only student who took this strategy of not choosing any answer on 

the survey tools, and (b) not choosing any answers impacted the score on his 

climate change content knowledge survey as well as his hydrological survey. 

Victor’s scenario responses received scores in the top half of his class.  

His written response demonstrated more components than his mapped response.  

For example, Victor’s written response laid out examples of the hidden effects of 

pesticides on soil.  As he wrote, “The pesticide could contaminate the ground 

itself.  There are several studies available that indicate that the effects of the 

pesticide on pH levels and microbe health in soil are concerns that have not been 

studied.”  He went on to give examples of how the pesticide may harm the water,  

“If you do decide to put the pesticide on your crop, you will have to be 

extra careful because of the location of your farm on the bluff.  It is 

possible that the water could run directly off your field if it is sloped 

towards the hill to the east.  It is also possible that the water could seep 

through the soil without being filtered if the bedrock is not solid rock.  The 

area where you are located in southern Minnesota has many sink holes and 

paths for the pesticide to go directly into the ground water system.  Not 
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only that, but if your topsoil is less than a foot deep, it will not be able to 

filter the pesticide if it is carried by water into the ground.”   

In his written response as well, he gives an example of how the pesticide could 

impact the air,  

“The manufacturer recommends applying the pesticide in a spray. If you 

choose to use the chemical as a spray, you will have to be very careful and 

apply it on a day with no wind to make sure it does not blow away to other 

areas.  I also recommend that you apply it on a cool day so that it doesn’t 

evaporate right away.  This could bring the pesticide into the air with the 

water vapor.” 

While his written response included these examples, his concept map only 

mentioned “potential problems” for water, soil and air.  When I asked Victor 

about this, he said “…I completed this [points to concept map] first and then did 

my writing…I used the map as an outline for my writing and that helped I think.”  

This explanation certainly helped to understand the limited detail in his map 

compared to the more detailed written response.   

 Victor’s mapped response was interesting when unaccompanied by his 

written response.  Without the written response, it was difficult to determine what 

his recommendation was in regards to the application of the pesticide to the field.  

In his map, while he gave many reasons why pesticides could be harmful (several 

mentioned above), he also gave nine nodes of why pesticides are beneficial for 

crops, food production and the economy.  On the other hand, his written response 

gave credence to these potential benefits, but in the end gave a clear 
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recommendation not to use this pesticide because “the potential benefits are not as 

important as the potential harms.”   

Evidence of Victor’s beliefs and attitudes of climate change. As 

previously mentioned, Victor was one of three students in the study who 

identified as “Doubtful” on the beliefs and attitudes survey.  The other two 

students were Oscar (described in the previous case description) and the student 

whom Victor sat next to most often in the class (participant 14).  Doubtful 

respondents demonstrate a range of beliefs about whether global warming and 

climate change are happening. Doubtful respondents generally indicate a belief 

that natural causes are to blame for changes, if they are happening at all.  Finally, 

these respondents generally believe that if there are any harmful effects at all, they 

will be minor and therefore require little if any attention. 

Victor’s phase two data from observations and interviews support the 

general description of Doubtful respondents.  It is important to note, however, that 

while Victor’s data supports the Doubtful description, that description has an 

internal range, specifically in regard to beliefs in climate change.  Victor, 

compared to other Doubtful respondents explicitly stated that he did not believe 

that global warming was happening, “…I know this is unpopular, but I know 

[global warming] isn’t happening.”  I asked him to talk a bit about his reasoning.  

He paused for several seconds, looking out the window, and then said, 

“I know how important it is for some people, politically, to say it is 

happening…they want to get new green jobs and they want to keep their 

jobs…I also think some people like Al Gore have been saying this for so 
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long, that if he said something, different, he would look…foolish…[5 

second pause]…and I’m not saying he is foolish, but he’s no scientist.” 

At this point of the study, Victor and his classmates were halfway through their 

unit on climate change in the APES class.  I asked him what he thought about the 

information that was being talked about in the class.  He paused and then said, 

“Well [my teacher] isn’t a scientist either, not a climate scientist, so I think 

that makes it difficult for me to listen to…I know the charts she shows us 

are from climate scientists, and I…I doubt that what the text book is 

telling us is false…But I don’t think anyone, even some climate scientists 

know exactly what is going on…do you know what is going on?” 

I laughed, told him I was certainly not a climate scientist, and certainly did not 

claim to have the answers, but I also told him that I was “really interested in 

learning how different people think about the climate.”  Victor paused for another 

few seconds, sat back in his chair and seemed to relax a bit since his next 

statement was much more free-flowing, and free of long pauses than his normal 

responses that were carefully stated and formal sounding,  

“I think the real challenge for me, just me, is that, I believe each piece of 

science…the graphs and ice cores and, and how the greenhouse works…I 

believe them, I don’t think they are lies [laughs]…but [laughs]…that 

doesn’t tell us why the climate is changing or warming, not 

individually…[leans forward over table]…like with the article you gave 

me about the, oceans moving…no one talks about that as a cause, why 

not…the climate of the Earth is huge and, I don’t think anyone gets it, no 



   180 

one can talk about all of it together, not convincingly…I believe the 

individual science and parts, I don’t believe the story people tell with these 

little parts, it always seems dishonest and political…” 

This response was different than the other times I had heard Victor talk about his 

beliefs in other settings.  In whole class observations, comments about his beliefs 

had both been careful and polite, “I am not sure what I think, I need to learn 

more.”  In a small group setting, the only time I heard a comment that indicated 

his Doubtful beliefs was during a conversation about a summary of the 2007 

IPCC report on climate change.  His comment was in the form of a question, 

which he recorded verbatim in his notebook before asking his group, “If these 

scientists work for an organization that says climate change is true, its name 

includes climate change, then are these scientists independent at all?” 

 Victor’s Doubtful beliefs were also reflected in his attitude towards the 

impacts of climate change and whether we should be acting to prevent or mitigate 

those impacts.  Our conversations in the second phase reinforced the sentiments 

Victor demonstrated in the phase one data (as he stated on the climate change 

survey, “There have been no proven effects of global warming that are not 

natural.”).  In the second phase, his comments reinforced this sentiment, “Until 

we have something solid, that says the cause is humans, there really isn’t anything 

we can do to prevent it, and I don’t know what we are preventing in the first place 

[laughs]…” 

Evidence of Victor’s content knowledge of and system thinking 

application to climate change.  Contrary to what his phase one data may indicate 
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at first glance quantitatively, Victor’s content knowledge and system thinking 

around climate change was considerable.  He was able to discuss components and 

processes related to climate change throughout our conversations, even prior to 

receiving the climate change unit in class.  He was also able to talk about 

relationships between processes, hidden dimensions, cyclical characteristics, and 

ideas of scale.  Of most interest was Victor’s ability to demonstrate these system 

theory skills for sub-systems within climate change such as the carbon cycle, 

water cycle, and even the cycle of the Earth’s solar orbit impacting ice ages 

(Milankovitch cycles).  In the following excerpt from the third interview, Victor 

demonstrated the ability to identify components, relationships, hidden 

dimensions, cyclical characteristics and ideas of temporal scale when describing 

his understanding of the ice age cycles.  This cycle was not discussed in class, but 

Victor had studied it for a debate series the year prior, 

“We know from the ice cores that we have these cycles…ice age cycles 

that are caused by changes to our, Earth’s orbit around the sun…and also, 

not just the orbit, but the rotation of the earth on its axis, these both change 

over time…[four second pause]…there are lots of ways the orbit and 

rotation change, like its tilt and, the way the rotation isn’t a perfect circle, 

its more of an ellipse…the most important is this cycle, you probably 

know this, where the Earth’s orbit, the plane, moves up and down over a 

hundred thousand years...it has a fancy name, but that cycle changes how 

close we are, our distance to the sun…and when that happens every 

hundred thousand years, we get our ice ages…” 
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While the expert model indicates there are more causes of ice ages (e.g. plate 

tectonics, changes in solar radiation output, volcanism), Victor’s statement was 

unique and interesting in this context. 

 Victor was also able to demonstrate system theory skills in the context of 

the water cycle and the carbon cycle, topics that were discussed in the class.  He 

was even able to connect the two systems in one of our conversations in which 

Victor was talking about water pollution caused by agricultural runoff as well as 

chemical dumping directly into water ways (he referenced the Chesapeake Bay 

specifically).  Towards the end of this conversation, Victor connected the systems 

in his comments, 

“And when you have so much water pollution from these sources, this 

hurts the food supply in the water, like in the Chesapeake I know their 

shellfish were all hurt by the chemicals…and when that happens, maybe 

people spend more money on processed foods, and that takes energy 

burn…and usually that releases carbon, from fossil fuels, and that’s the, 

carbon cycle…[5 second pause]…and, when the water is no good, people 

think they need to drink bottled water and that takes lots of fuel to make 

that plastic, that would add to the carbon release too…” 

 Outside the context of climate change, Victor was able to connect Earth 

systems to one another.  He was able to talk about connections between the 

sociosphere and biosphere through examples of deforestation, blocking of 

migration corridors by transportation networks, biomagnification of lead in 

aquatic life and DDT’s impact on eagle populations.  He was able to connect the 
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sociosphere to the geosphere through examples of hydraulic fracking and 

anthropogenic erosion by residential, commercial and transportation network 

expansion.  Interestingly, he demonstrated difficulty-connecting other systems to 

climate change.  He viewed climate change not as a system itself with constituent 

components, but rather as a phenomenon that could potentially be impacted by 

any number of other systems, a sentiment that echoed his beliefs and attitudes 

toward climate change.  As he stated in our third interview,  

“I can think of how these things could change our temperature or the 

weather…more carbon might increase temperature, but I can’t pull 

together enough, enough of those causes to explain something as big as 

climate change…the biggest things, like the ice ages are as close as it 

gets…but still that is not strong enough to prove anything…” 

Themes in Victor’s data. Based on Victor’s data, evidence emerged 

around the four themes for his particular case in terms of how his beliefs, 

attitudes, content knowledge and system theory skill application intersect in the 

data.   

Motivation, engagement & perseverance. Victor was consistently careful 

in his work, beliefs, communications and perceived knowledge as evidenced by: 

(a) his meticulous notes, (b) his tendency to write things out before he spoke in 

class, (c) his long pauses in conversations, (d) his relatively concise statements 

and questions, his cautious statements of belief about climate change and 

causality, and (e) his tendency towards more discrete ideas and topics that he had 

studied as opposed to making conjectures and guesses about less known topics. 
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Phase one belief category alignment to phase two data. Victor’s Doubtful 

categorization in phase one was largely supported by the phase two data (this may 

be less phenomenal since there is a large range of possible beliefs within the 

Doubtful respondent description).  The phase two data did give some clarity 

around these beliefs to help situate Victor within the large range of beliefs of the 

Doubtful description.  Victor did not believe that global warming or climate 

change was happening, in fact the verbiage used indicated knowledge that it was 

not happening.  He was very skeptical of anyone who gave information around 

climate change and global warming in a formal setting (his classmates and 

teachers specifically), and regularly pointed to political motivations of people 

who say these phenomena are occurring.  Finally, based on his belief that these 

phenomena were not happening, he did not believe there could logically be any 

negative ramifications (from a phenomena he believed was not occurring in the 

first place).   

Social and scientific foundations.  While Victor regularly drew on 

scientific foundations of information when needed (he admittedly was great at 

playing the game in school of repeating “the right “content information when 

asked), in longer conversations, it was clear that Victor based his most rigid 

beliefs on social foundations from his familiar relationships (namely his father 

and brother). 

Depth, breadth and scale of climate change.  The third theme that 

emerged, directly related to the second, was the fact that Victor saw climate 

change and global warming as phenomena, not systems, Phenomena that were 
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large in scale and insufficiently substantiated.  Furthermore, he demonstrated 

difficulty in, or perhaps reluctance to connecting other systems to these 

phenomena in any causal type of relationship. 

The data in phase two suggests that his expressed belief structure impacted 

his ability to apply system theory skills to this topic specifically.  His regular 

statements indicating his doubt about the existence of climate change in general 

and the causality from what he saw as discrete effects specifically acted as a 

conversational and engagement blocker for him.  Interestingly the level of content 

knowledge Victor was able to articulate had around any single topic was not 

impacted by this belief since classmates of various beliefs demonstrated similar 

levels of content knowledge around the water cycle and climate change.  Even 

though his phase one data indicated a low level of content knowledge in these 

areas, his phase two data provided evidence that he did in fact have substantial 

knowledge of both.  Victor was able to demonstrate many system theory skills in 

areas other than climate change. However, he had limited ability to apply system 

theory skills to the topic of climate change, specifically the system theory skill of 

making strong inter-system connections. 

 

Beatrice 

 Beatrice’s background, disposition and class behaviors.  Beatrice is the 

only child in her family and lived with her parents and her paternal grandfather. 

During the course of the study, Beatrice was in her senior year at the school.  She 

planned to attend a medium sized urban university in the same city in the coming 
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year and planned on pursuing a dual degree in Spanish and international peace 

studies.   

 Beatrice was an active participant in the Green Team, the school 

environmental club, which she had been a part of since her sophomore year at the 

school.  She often biked to school during warm months with two friends who 

lived nearby.  Regardless of if she rode to school, she always wore a messenger 

bag at school that displayed many patches from the likes of NOLS, a local tattoo 

parlor, the Sierra Club and Surly Brewing Company.  The experience Beatrice 

stated she was most proud of was working for the past three summers with a 

community garden non-profit in the city where she taught at-risk youth organic 

gardening and delivered their produce to members of their community in need.  

When speaking about the experience, Beatrice said, “there is just something about 

being outside in the dirt, I, you know, with cool kids all summer long like…how 

does it get better than that [laughs]…id do that forever if I could…” 

 Beatrice reported receiving As in her science classes in high school, 

although she quickly noted, “but I don’t like take the super tough classes…like 

this is my first AP class…and I, well I took one other honors class like last 

year…” This was the only time she mentioned the AP status of the course.  When 

I asked her about what she thought about getting the AP credit, she shrugged and 

said that it would be “good to not pay for [the credits] in college,” but she also 

said that she wanted to take more classes in the environmental studies department 

during her time in college, so it wouldn’t “substitute for anything.” 
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 Beatrice did not hesitate to say that the APES class was “the best class 

I’ve taken here…there other great classes, but it’s not only about the class…this 

class is sorta, me I guess, and I love [the teacher], so that helps…” Beatrice had 

“been waiting for this class since freshman year,” and had made sure she had the 

credits needed to take the course as a senior.  She regularly asked for extra 

reading from the teacher whenever it was mentioned as an option in class, and 

regularly brought the reading, marked up with pencil, to class the next day.   

 During observations, Beatrice often sat in the front row of tables nearest to 

the front of the classroom with the same three students.  However, if one of the 

students in that foursome arrived early and sat elsewhere before class, the other 

three would sit there as well.  Beatrice always seemed to be late for class, never 

more than two minutes after the bell, but she was only on time once in my 

observations.  However, she always had a spot at the table with her three 

classmates, and reported never having received a tardy in the class because the 

teacher reportedly knew she had to walk from the photo lab at the opposite corner 

of the school the class period immediately before APES.   

 During class observations, Beatrice was the most vocal of the foursome at 

her table, and was among the most vocal in the class in terms of questions asked 

and voluntary comments during class.  In small group work, she was also verbally 

engaged, and often took notes on the conversation, even if not asked to do so.  

Her group members often nominated Beatrice as the “reporter” by her classmates 

to report to the whole class after small group work or discussion.   
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 Beatrice was an outwardly happy participant and student.  She laughed 

often, smiled even when asking difficult questions and when she couldn’t quite 

get an idea out.  She brought cookies to class twice during the study, simply 

because, as she said, “we had the eggs I guess…and didn’t want to finish my 

English paper [laughs]…” Her outgoing, friendly style was visible in our 

interviews as well.  She was always energetic and initiated a firm handshake 

every time we met for an interview.  For our first interview, she suggested sitting 

outside in the courtyard because she didn’t want to miss the nice day.  The 

interview was full of papers flying around and laughter, so she suggested that we 

hold the remainder of interviews inside, “you will hate me and be sick of chasing 

papers if we go out there again [laughs]…” 

Beatrice’s phase one data.  Beatrice performed above average on the 

hydrological and climate change content surveys, however she performed below 

average on both farming response measures.  Interestingly, her reported 

enjoyment of the tools seemed inverse to her performance.  As Beatrice reported, 

“the surveys were okay…I’ve never been much of a test person, so I probably, 

well I know I screwed up a few things [laughs]…” However, when I asked her 

about the farming scenario, she noted that she, “loved the farmer letter and 

map…it was interesting to have to, to think about all the things I’ve learned, all 

that I’ve learned about and have to talk about them, all at once…” 

The low scores on the scenario responses had to do with the fact both her 

written and mapped response mentioned no earth systems outside of the biosphere 

and the sociosphere (political statements).  Her map did include an isolated node 



   189 

titled “water problems,” however, that node was not connected to any other nodes 

by means of a connection line.  Other than that isolated node, her response had to 

do with the dangers posed by the residue of the pesticide on the crop.  As she 

wrote in her written response, “Applying the pesticide on the corn will probably 

kill the ECB.  But it is impossible to wash every part of the pesticide off of the 

crop before it is eaten.  So you will poison humans who consume the crop in this 

way.”   

Also, within the biospheric system, she mentioned the potential impact of 

the pesticide through biomagnification.  In her written response, she noted, 

“The pesticides will kill the ECB.  But have you thought about what will 

happen if birds or other animals eat the dead ECBs?  If they eat many of 

the ECBs, they will collect all the pesticide from the ECBs in their body.  

This is called biomagnification.  Then if those birds are be consumed by a 

predator, that predator will have even more pesticide in its body.  This can 

continue on and on up the food chain until there the pesticide is powerful 

enough to hurt the organism.” 

When I asked Beatrice about this concept, she said that they had studied the topic 

in APES, “when we talked about lead in fish and DDT and the eagles...” 

 Beatrice’s responses centered on the biospheric components, however her 

written response (not her mapped response) included sociospheric components 

which indicated political, economic and industrial content.  In her written 

response, she indicated, 
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“If you buy this pesticide, you are also supporting a corporation who is 

simply trying to make money.  They are not interested in the health of 

your crops or your family, they are trying to make money.  If you kill the 

ECBs with this pesticide, you will have to buy from them again next year 

and every year.  If you do something else and solve your problem with 

natural solutions like polyculture you will not have to keep supporting this 

corporation.” 

Another interesting piece of data from Beatrice’s first phase data came 

from her hydrological survey, specifically her responses to the eighth and ninth 

items on the survey.  In the eighth item Beatrice was asked where water could be 

found on Earth.  On her survey, she checked five of the six given examples (the 

only one she did not select was “rock”), and wrote, “Glaciers.  Is that a rock?” in 

the “other” field.  In the ninth item, Beatrice was asked to select areas that were 

impacted by water.  She selected all items other than “the cost of oil.”   

This was interesting because it indicated the potential application of 

system theory skills (if she was able to explain the connections that led her to 

choose these responses).  If that was the case, this potentially balanced out the 

apparent lack of system theory skill application to the farming scenario discussed 

above. When we dug into this possibility in our first interview, I asked Beatrice to 

tell me about some of the connections she indicated on the hydrological survey.  

In most cases, she was able to provide convincing connections, indicating the 

application of system theory skills.  For example, when I asked her to talk about 

how water and its behavior impacted the health care industry, Beatrice said, 
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“Hmm…now I have to remember what I was thinking about [laughs]…oh 

yeah, if there is a water shortage like a draught…and that could be caused 

by lots of things, but if there is a draught, that may cause people to drink 

less water, and then they may be dehydrated or even get heat sick, and 

then they would end up in the ER…so that would impact that 

industry…and also with like acid rain…if people were hurt by acid rain 

they may end up in the hospital, and that impacts heath care too…do they 

get burned or sick from it…I’m not sure what that does to you, but I think 

you get sick…” 

A bit later in the conversation she made the connection to another example she 

had checked, “Oh, and people going to the hospital more would mean nurses have 

to, do, work more, so they may get a higher salary…hopefully [laughs]…my 

mom’s a nurse, so I have to say that [laughs]…”   

She was also able to make a connection between water’s behavior and the 

item she selected about water impacting “the inner solid rock below the earth’s 

crust.”  As she explained, 

“Water definitely changes the crust, like you can see that with the grand 

canyon and glaciers…and it could also be part of that inner layer because 

sometime the water goes, it sinks all the way through the crust and then 

hits the lower parts…I was thinking about those, those, like, lakes that are 

way deep down that have been there for a long time…is that the layer you 

are asking about…” 

I said, “sure, keep going…” She continued,  
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“So it could effect that layer like that, in the lakes… also…I think that is 

how geysers work too…that is just, a guess [laughs]…we saw old faithful 

in Yellowstone and I think that is what happens when that water goes way 

down deep and gets really hot and then shoots out…so that’s another way 

it happens…” 

Most interesting, Beatrice connected the two questions themselves by saying, 

“And that is why I picked this one [points to ‘under the ground, at a 

stationary place until moved by another force’ in question #8]…because 

you can have water way down deep in those lakes…they stay there for a 

long time, forever maybe…because they are, like in a really solid bowl of 

rock, deep down there…” 

Beatrice’s ability to make these connections provided an interesting set of data 

when compared to other measures in which she did not demonstrate system theory 

skill application (e.g. the farming scenario). 

Evidence of Beatrice’s beliefs and attitudes of climate change.  The 

beliefs and attitudes survey for phase one indicated that Beatrice was one of nine 

participants identified as having “Concerned” beliefs and attitudes towards 

climate change and global warming.  According to the Six Americas study, 

Concerned respondents are convinced global warming and climate change is 

happening and are in support of large-scale, national responses to the issue. These 

respondents are engaged in issues of climate change and global warming, 

although they demonstrate less action and involvement in these issues and 

mitigating actions than the Alarmed respondents.  
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Beatrice’s phase two data generally supported her inclusion in the 

Concerned group.  She certainly believed that climate change and global warming 

were occurring.  In our first interview, before the climate change unit in the APES 

class, she relied mainly on social experiences and information, 

“My mom’s a gardener, well she’s a nurse who likes to garden 

[laughs]…she’s the one who got me into this urban gardening 

project…but anyway, she told me that the group, I don’t know their name, 

but the group that decides the zones or whatever, where plants will 

grow…she told me that they had to change those zones because it’s 

getting warmer in Minnesota…” 

Later in the first interview, she mentioned another piece information she saw as 

evidence of global warming and climate change, 

“I saw an inconvenient truth and that was, the information was solid, I 

don’t know how anyone could go against, or like, disprove that…I hear 

people say he isn’t a scientist so, so he doesn’t know what he is saying, 

but the graphs are science so that’s what counts…” 

Later she mentioned another film she had watched with her environmental club 

(the Green Team),  

“We watched the Eleventh Hour…we liked Leo as much as the movie 

[laughs]…but that movie was even more solid, more solid than 

Inconvenient Truth…because it was not just Al Gore…it was more, 

everyone, like all those scientists say its happening, so who are we to 
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disagree…I mean show me better evidence that it isn’t happening, 

right…” 

When I asked her what made her view the information as “solid” in 

comparison to other information, she struggled articulating reason and ultimately 

admitted a certain level of uncertainty in her belief that she rested on this “solid” 

information.  Beatrice responded to this question by saying,  

“Well, they gave lots of new, new information…I guess a lot of it is stuff 

that I didn’t know about…so I, well, I guess I just trust them…but that 

makes things a little shaky…I mean I think I still believe all of it, but I 

just, I have to know more….” 

In subsequent interviews, during and after the climate change unit, 

Beatrice was able to cite more formal scientific explanations of global warming 

through conversations about the greenhouse effect, albedo, and ocean level rise. 

Furthermore, while all of her belief statements in the first interview addressed 

global warming specifically, her belief statements in subsequent interviews began 

to address other related aspects of climate change such as the carbon cycle and 

changes in weather patterns and severe storms. 

Beyond her expressed belief that global warming was occurring, Beatrice 

expressed a high level of personal responsibility, commitment and awareness in 

regard to her role in mitigating climate change specifically and detrimental 

environmental issues at large.  Many times in our conversations Beatrice talked 

about how she thought about her involvement in the issues as well as the personal 

choices she made with this responsibility in mind. In our first interview, I asked 
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Beatrice to tell me more about the statement made in her farming scenario written 

response, that buying the pesticide was corporate support by the farmer.  She 

elaborated on that written statement by making a connection to her government 

class she was enrolled in the year before, 

“Hmm…well, I think about this stuff a lot…like [my government teacher] 

told us last year that, even though we don’t vote until we are, until we are 

eighteen, we still vote when we buy things…because when you buy 

something you are saying you agree with that thing you buy…[pauses for 

3 seconds]…but not, not just the thing, the product, you are agreeing with 

the product but if you buy it you also say you agree with how it was made 

and what it means…” 

I asked Beatrice to say more, and she said,  

“I think about that a lot…whenever I use money, buy things, I think about 

that…like do I really want to vote for Coke, or vote for BP, or something, 

you know…I think about that a lot, so that is why I wrote about it there…I 

don’t know if that is what we were supposed to do…” 

I told her I thought it was certainly an appropriate thought to include in her 

recommendation to the farmer and then asked her if she thought other people 

thought about this idea of voting through consumption a lot and she said, 

“no…well not a lot…if they did we wouldn’t have companies like Coke and BP 

[laughs]…” 

Beatrice mentioned consumption and specifically this concept of voting 

when you pay for something four separate times in our interviews, she also used 
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that message twice in class when I observed.  One instance of this occurred in a 

small group setting when the group was charged with researching three examples 

of invasive species.  Another student had brought up that most of the grass used in 

our lawns in the United States is non-native.  Beatrice took the opportunity to 

bring up the concept of voting through purchase, 

“My parents must pay, like a lot to keep our lawn all nice and pretty and 

green and fluffy, and we do that here at [school] too you know 

[laughs]…so I think we are, like, voting for non-native species, I don’t 

know if that is invasive…but we are voting for it when we pay to have our 

grass cut or, like fertilized or, watered even.” 

This high level of personal involvement and responsibility was interesting 

because such a high level of personal involvement, perceived responsibility and 

action is more closely aligned with the “Alarmed” group of respondents in the Six 

Americas study.  In this way, Beatrice could be more accurately described as 

between the Concerned and Alarmed groups, given the extra depth of data 

provided in this second phase of study. 

Evidence of Beatrice’s content knowledge of and system thinking 

application to climate change.  While a quick glance at her phase one data, 

specifically her farming scenario responses, may indicate otherwise, the second 

phase data indicated that Beatrice was able to apply many system theory skills to 

climate change.  She was able to identify and organize common components of 

climate change such as the sun, greenhouse gasses, glaciers, biomes, methane 

from livestock flatulence.  Beatrice was also able to identify and speak generally 
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about processes and involved in climate change during the interview process.  

These processes included the greenhouse effect, the carbon cycle and, uniquely to 

this case, the process of media communications about climate change and the 

political processes related to carbon tax.  While she was able to accurately 

identify these systems and provide correct knowledge of parts of these processes, 

there were areas of missing conceptions and/or misconceptions related to the 

processes, areas identified in other research on the subject.  An example is that 

Beatrice did not think that water vapor was a greenhouse gas, saying, “it makes 

things warmer like humidity, but that is not the greenhouse…I think water always, 

water as vapor, stays close to the surface…so it never gets up where the 

greenhouse is...”  

This comment was interesting because it indicated a conception of 

Beatrice that the greenhouse gasses collected together in a specific area of the 

atmosphere.  This missing or misconception of the greenhouse effect emerged 

again in our third interview, when she made a comment suggesting that there is a 

distinct line or “ceiling” that traps heat.  As she said, “The greenhouse traps heat, 

the gasses trap the heat, especially CO2 and methane from cows…” When I asked 

her how those gases trapped heat, she continued by saying, “…the gases, the 

greenhouse gases all gather, like the molecules are really close I think…at the top 

part of the atmosphere…and they act like a barrier for heat…then it can’t get out, 

not easily…”   

This statement was interesting because such a “barrier” could be seen as 

stopping incoming radiation as well.  This is not the case in the expert model, 
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which explains that the energy entering the atmosphere is mostly in the form of 

visible light radiation from the sun (which greenhouse gasses have little effect 

on), however, that light is absorbed and reradiated mainly as infrared radiation 

(which greenhouse gasses have great effect), which is why greenhouse gasses 

only impact the reradiated heat and not the incoming light waves.  However when 

I asked Beatrice whether the “barrier” would affect incoming energy, she gave a 

relatively lengthy response that did not include this piece of “correct knowledge,”  

“Well, the heat can get in…yeah, because that doesn’t change I 

think…[our teacher] said that the amount of heat coming in is always the 

same, pretty much, I think that is right…but yeah, that layer doesn’t let it 

out as easily…so when we…when we put gasses, like more CO2 from cars 

and factories and smelly cows [laughs]…then that just makes that layer 

more dense I think and when the heat goes up, it hits that ceiling and, and 

it can’t get out…well not all of it…[pauses for 4 seconds]…its kind of, it 

seeps through but not quick enough…that’s what makes it hot I think… 

I asked Beatrice to say more about why “the heat can get in” more easily than it 

escapes.  She responded by saying, 

“I think the heat coming in is more powerful, maybe because it came right 

from the sun…and then when it hits the crust or ocean it gets 

weakened…that, makes sense, because some of that energy gets 

absorbed…that’s why dark surfaces are hotter, because it takes some of 

the energy away from the suns rays, like our black car gets really hot, 

more than the tan one…and that’s like the albedo thing too where the 
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glaciers help keep us warm, by reflecting heat I think…and then it, yeah, 

then it can’t get out, the energy is not as powerful…I think that is right…” 

It is important to note that while the content knowledge expressed above is 

not completely “correct knowledge” because it deviates from the expert model, it 

is also important that within this statement there is simultaneously evidence that 

she is applying system thinking skills, namely she is identifying and organizing 

relationships amongst hidden dimensions such as albedo, radiation, and 

greenhouse gasses. Furthermore, her comments about the albedo effect and the 

examples she gives (glacier and different color cars) indicate that she may be 

applying the system theory skill of scale and applying macro concepts to micro 

examples.  This is to say, while her application of system theory skills did not 

result in completely “correct knowledge,” the indication that these system theory 

skills are being applied (albeit towards incorrect knowledge) that application is 

still present and relevant.  

Themes in Beatrice’s data. Beatrice’s data gives evidence related to four 

major themes in terms of how her beliefs, attitudes, content knowledge and 

system theory skill application intersect. 

Motivation, engagement & perseverance.   Data from the second phase of 

study indicated that Beatrice had a high level of motivation, engagement and 

perseverance around the topic of climate change, but also around environmental 

issues in general.  While a casual observer may mistake her consistent tardiness 

for this class as an indication of her engagement, even her tardiness (and her 

nonchalant level of worry about being late) was couched in what she thought of as 
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a strong trust and partnership with her teacher based on her otherwise high level 

of participation in class.  Her level of engagement and motivation around 

environmental issues and climate change were based not only on an interest in 

science, but perhaps more so by the fact that she saw these issues as part and 

parcel to her identity formation and maintenance.  From the patches on her 

messenger bag to her spokesperson status with her classmates, these issues 

appeared to be tied to Beatrice’s personality and identity more so than any other 

participant in the second phase of study. The data also indicate that Beatrice’s 

motivation was further influenced by a strong political association with the issues 

(e.g. her repeated comments on corporations’ impacts on environmental issues 

and the concept of “voting” when making purchases or purchasing power).  

Finally, Beatrice’s motivation was bolstered by her belief that these issues were 

visible in her personal life and had impacts on that personal life to which she 

often made connections (e.g. old faithful, her mother’s profession as a nurse, 

gardening, etc.).   

Some of the indicators of Beatrice’s motivation, engagement and 

perseverance were (a) her consistent requests for extra reading from her teacher, 

(b) the fact that she regularly sat at front of class during the study, (c) her 

outspoken and spokesperson-like status in whole-class settings and small group 

settings alike (d) her consistent expressions of happiness (laughter & smiling) 

even when struggling, and (e) her expressed enjoyment of the farming scenario 

even when difficult and even when resulting in low overall scores.  Furthermore, 

Beatrice often returned to topics from earlier in the conversation, even when she 
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continued to grapple with concepts and not reach a conclusive answer (e.g. her 

repeated exploration of healthcare impacted by climate change), indicating 

perseverance and engagement.  

Phase one belief category alignment to phase two data.  The data in the 

second phase of the study generally supported the phase one identification of 

Beatrice as a Concerned respondent.  Beatrice repeatedly expressed a strong belief 

in the existence of and urgency around climate change.  She also expressed a high 

level of personal responsibility and investment in the issue.  The only deviation 

from the Concerned category based on her phase two data is that Beatrice’s data 

indicates a leaning towards an “Alarmed” respondent categorization based on the 

strength of belief and personal responsibility in the issue. 

Social and scientific foundations.  Beatrice’s phase two data indicates 

that she drew her beliefs and knowledge from both social and scientific 

experiences and sources of information.  She often referenced social foundations 

of learning and experiences during our conversations and in class (e.g. Old 

Faithful, gardening).  While she cited social sources of information, she also cited 

scientific foundations of knowledge and science-based learning experiences to 

support her beliefs and knowledge.  Particularly, her responses cited scientific 

evidence relayed to her through film, books, lectures and her teacher.  

Interestingly, Beatrice repeatedly indicated a strong belief in the scientists 

themselves behind the scientific evidence of climate change, indicating that their 

expertise provided a strong foundation for their claims (more so than the films or 

politicians that she still used as foundations for her own beliefs and knowledge).  
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However, she did not indicate a high level of understanding of the actual science 

studied by these climate scientists (indicated by several major misconceptions 

and/or missing conceptions).  

Depth, breadth and scale of climate change.   Data from the second phase 

of the study indicates that Beatrice held several major misconceptions or missing 

conceptions of climate change when compared to the expert model.  Her 

description of radiation and the greenhouse effect specifically indicate missing 

conceptions or misconceptions.  Interestingly, even when arriving at content 

knowledge that was not correct when compared to the expert model, Beatrice was 

able to use system theory skills to arrive at otherwise logical and creative 

explanations.  An example of this was her exploration of how radiation changes 

impact the ability of that radiation to pass through the atmosphere.  As she 

described, the sun’s rays were weakened by dark surfaces on the Earth, because 

those surfaces absorb more heat, which in turn makes the reflected or reradiated 

energy “weaker” and not as able to escape the atmosphere.  Again, while this 

explanation was inconsistent with the expert model (and therefore not correct 

knowledge), it nevertheless indicated an ability to use system theory skills to 

work through complex challenges.   
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Chapter VI: Cross-Case Analysis and Discussion 
  

The last chapter described the phase two data collection and presented the 

individual student cases.  Included in these case descriptions was a section 

describing how each participant’s data fit into the four major themes that emerged 

from the overall phase two data analysis.  While those descriptions provided 

evidence for how those themes were analyzed within a single case, this chapter 

describes the analysis and findings of themes from a cross-case analysis.   

 It should be noted that the purpose of this cross-case analysis is not to 

create theory, define an abstract phenomenon or arrive at a generalizable 

construct.  Indeed, the sample size of this study, the temporal and spatial bounds 

of the study, and the study design itself are not intended to reach such ends.  

Rather, this cross case analysis intends (a) to better understand each individual 

case by viewing it in relation to the others, (b) to acknowledge that while the 

previous chapter points primarily to the particular and unique nature of the cases, 

there are similarities and points of interest between cases that beg mention, and 

(c) to potentially indicate hints of greater Truths within the small truths explored 

(Sahlins, 1999). 

 Within that search for small truths, it is important to echo the research 

question at hand: 

- “How do differences in content knowledge, system theory skills, social 

influences, beliefs and attitudes towards climate change influence overall 
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conceptualizations of climate change in an environmental science high 

school classroom?” 

This chapter discusses the codes and four major themes that emerged from the 

study stemming from this research question.  Each theme addresses a point (or 

multiple points) of intersection between demonstrations of content knowledge, 

system theory skill, social influences, beliefs and attitudes, and how that point of 

intersection may impact the overall conceptualization of climate change for 

participants. 

 

Coding Themes, Codes and Frequencies 

 Following the analysis described in the previous chapter, four themes 

emerged from the analysis of the phase two data, with many individual codes 

within each main theme, and many pieces of data as evidence of each code.  The 

four major themes, the derivative codes, and the number of data points within 

each code (frequency of the code) are shown in Table 11 across all six cases. 

Within codes, bolded words are used to aid readers’ ability to scan for a particular 

code during the analysis and discussion sections to follow.  The intention of this 

table is to aid the reader in the following pages.  During the cross-case analysis, 

findings and conclusions were drawn from these codes and their frequencies.  In 

these pages, the specific codes drawn from to arrive at the conclusion are 

referenced according to their reference number (given in the column titled “Ref 

#”).
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Table 11  

Themes, Codes and Frequencies Across Cases 

Theme  Ref # Code Number of data coded as such 

   Clouse Harper Amelia Oscar Victor Beatrice Total 

1.1 Expressed enjoyment or interest of research-
based task, conversation or activity. 

6 5 2 3 2 4 22 

1.2 Expressed enjoyment or interest of 
classroom-based task, conversation or activity 

2 2   1 5 10 

1.3 Expressed challenge with study task, 
conversation or activity. 

4 6 9 2 3 4 28 

1.4 Expressed challenge with classroom task, 
conversation or activity. 

  1  1 2 4 

1.5 Expressed enjoyment or interest of a 
challenging task, conversation or activity. 

3 4 2 2 2 3 16 

1.6 Expressed desire to learn more about general 
scientific topics. 

3 4 2 2 4 2 17 

1.7 Expressed desire to learn more about 
environmental topics. 

1  2  2 8 13 

1.8 Expressed desire to learn more about climate 
change. 

 3  1  6 10 

Motivation, 
engagement 
and 
perseverance  

1.9 Lengthy responses to general questions 
(over 80 words without external prompting). 

11 
 

5 3 6 5 4 34 
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1.10 Lengthy responses to environmental topic 
questions without explicit connection to 
climate change (over 80 words without 
external prompting). 

15 9 7 8 6 9 54 

1.11 Lengthy responses to explicit climate 
change questions (over 80 words without 
external prompting).  

6 7 4 3 1 10 31 

1.12 Exploration of unknown topic or “trail-
blazing” (participant expresses lack of 
knowledge or uncertainty, but verbally 
explores topic). 

6 14 13 9 4 6 52 

1.13 Unsolicited, explicit connection to previously 
discussed topic by participant. 

3 5 1 3  7 19 

1.14 Long pause (6-10 seconds) between 
utterances followed by further response to 
same topic. 

2 1 2  6  11 

1.15 Prompt used to elicit more information on 
same topic after a short participant response 
(less than 25 words). 

11 19 26 17 21 14 108 

1.16 Unsolicited general question or comment by 
participant during interview. 

3 1 4 2 2 5 17 

1.17 Unsolicited general question or comment in 
whole-class context by participant during 
class observation. 

17 2 1 2 12 14 46 

 

1.18 Report of extension conversations with 
family or friends of topic from research 
activity or interview. 

2 3 2  2 4 13 
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1.19 Report of extension conversations with 
family or friends of topic from class (not topic 
specific to research study). 

1   2 1 6 10  

1.20 Explicit connection of scientific topic to 
identity (opposing or supporting). 

 2 4  4 2 12 

 1.21 Explicit connection of environmental issue 
to identity (opposing or supporting). 

  2 1 2 4 9 

 1.22 Explicit connection of climate change to 
identity (opposing or supporting). 

    1 3 4 

2.1 Alignment of knowledge of and engagement 
in learning about climate change (phase 2 
data supports phase 1 category description). 

5 2 1 3 4 4 19 Phase one 
belief 
category 
alignment to 
phase two 
data 
 

2.2 Misalignment of knowledge of and 
engagement in learning about climate 
change (phase 2 data does not support phase 
1 category description). 

1 7 6 5 8 2 29 

 2.3 
 

Alignment of belief in climate change’s 
existence (phase 2 data supports phase 1 
category description). 

2 3 4 2 6 6 23 

 2.4 Misalignment of belief in climate change’s 
existence (phase 2 data does not support 
phase 1 category description). 

3  1  1  5 

 2.5 Alignment of causation:  Anthropogenic vs. 
natural causes of climate change (phase 2 
data supports phase 1 category description). 

4 3 2 9 8 9 35 
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 2.6 Misalignment of causation:  Anthropogenic 
vs. natural causes of climate change (phase 
2 data does not support phase 1 category 
description). 

 2  1 1  4 

 2.7 Alignment of level of climate change’s 
consequences (phase 2 data supports phase 1 
category description). 

2 1 1  3 5 12 

 2.8 Misalignment of level of climate change’s 
consequences (phase 2 data does not support 
phase 1 category description). 
 

 1  4   5 

 2.9 Alignment of level of urgency for climate 
change mitigation (phase 2 data supports 
phase 1 category description). 

1 1 1 3 2 4 12 

 2.10 Misalignment of level of urgency for 
climate change mitigation (phase 2 data does 
not support phase 1 category description). 

1 4     5 

 2.11 Alignment of level of urgency for climate 
change preparation (phase 2 data supports 
phase 1 category description). 

  1   3 4 

 2.12 Misalignment of level of urgency for 
climate change preparation (phase 2 data 
does not support phase 1 category 
description). 

   4   4 

 2.13 Alignment of level personal responsibility 
to mitigate climate change (phase 2 data 
supports phase 1 category description). 

2 1 4 1 2 6 16 
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 2.14 Misalignment of level personal 
responsibility to mitigate climate change 
(phase 2 data does not support phase 1 
category description). 

   2   2 

 2.15 Expression of certainty tied to belief 
statement. 

2 1  4 5 4 16 

 2.16 Expression of uncertainty tied to belief 
statement. 

7 5 8 5 2 4 31 

 2.17 Beliefs statements dependent on audience. 6 2 1 4 5 3 21 
3.1 Statement indicating correct knowledge 

based on information from a guardian, 
sibling or other family member.  

 1 3 2 1 3 10 Social and 
scientific 
foundations 

3.2 Statement indicating missing conception or 
misconception based on information from 
family member. 

2  1 5 2  10 

 3.3 Statement indicating correct knowledge 
based on information from peer.  

 1  1 2 1 5 

 3.4 Statement indicating missing conception or 
misconception based on information from 
peer. 

1   4 5 1 11 

 3.5 Statement indicating correct knowledge 
based on information from personal 
experience.  

2 6 3 4 1 5 21 

 3.6 Statement indicating missing conception or 
misconception based on information from 
personal experience. 

3 5 3 6 2 4 23 
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 3.7 Statement indicating correct knowledge 
based on information from published media 
(article, film, book) used in class.  

4 7 7 12 9 8 47 

 3.8 Statement indicating missing conception or 
misconception based on information from 
published media (article, film, book) used 
in class. 

2 1  1 1 3 8 

 3.9 Statement indicating correct knowledge 
based on information from lecture or other 
teacher-delivered information.  

4 6 8 5 3 9 35 

 3.10 Statement indicating missing conception or 
misconception based on information from 
teacher-delivered information. 

2 1 1 2  2 8 

4.1 Subsystem Challenge: Difficulty expressing 
understanding of radiation (evidence of 
missing conception or missing conception). 

1 3 2 1 3 3 13 Depth, 
breadth and 
scale of 
climate 
change 

4.2 Subsystem Knowledge: Expressed 
understanding of radiation (evidence of 
correct knowledge). 
 

 1    1 2 

 4.3 Subsystem Challenge: Difficulty expressing 
understanding of greenhouse effect (evidence 
of missing conception or missing conception). 

3 4 3 2 3 4 19 

 4.4 Subsystem Knowledge: Expressed 
understanding of greenhouse effect (evidence 
of correct knowledge). 

1 2 2 2 4 2 13 
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 4.5 Subsystem Challenge:  Difficulty 
differentiating greenhouse effect from ozone 
(evidence of missing conception or missing 
conception). 

1 1 1 2 1 1 7 

 4.6 Subsystem Knowledge: Ability to 
differentiate greenhouse effect from ozone 
(evidence of correct knowledge). 

      0 

 4.7 Subsystem Challenge: Difficulty expressing 
understanding of carbon cycle (evidence of 
missing conception or missing conception). 

1 4 2 2 2 3 14 

 4.8 Subsystem Knowledge: Expressed 
understanding of carbon cycle (evidence of 
correct knowledge). 

1 1 2 3 3 1 11 

 4.9 Subsystem Connection Challenge: Difficulty 
expressing understanding of connections 
between subsystems within climate change 
(evidence of missing conception or missing 
conception). 

4 3 3 7 5 3 25 

 4.10 Subsystem Connection Knowledge: 
Expressed understanding of connections 
between subsystems within climate change 
(evidence of correct knowledge). 
 
 
 

2 5 6 3 3 2 21 
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 4.11 Summative Challenge:  Difficulty expressing 
understanding of climate change as a 
phenomena based on connected subsystems 
(evidence of missing conception or missing 
conception). 

1 3 5 6 5 4 24 

 4.12 Summative Knowledge: Expressed 
understanding of climate change as a 
phenomena based on connected subsystems 
(evidence of correct knowledge). 

 1 3   3 7 

 4.13 Expression of difficulty understanding climate 
change because of lack of sufficient access to 
scientific information related to subsystem 
or overall phenomena. 

1 5 4 3 3 2 18 

 4.14 Expression of difficulty understanding climate 
change because of overall complexity of 
topic. 

1 7 4 2 7 1 22 

 4.15 Expression of difficulty understanding climate 
change because of political distortion. 

1 2  9 8 3 23 

 4.16 Use of system theory skill to explore 
unfamiliar, complex, deep or broad concepts 
related to climate change, arriving at 
“correct knowledge.” 

1 2 2 1 2 2 10 

 4.17 Use of system theory skill to explore 
unfamiliar, complex, deep or broad concepts 
related to climate change, arriving at 
“misconception” or “missing conception.” 

6 4 5 3 3 6 27 

Note: Reference numbers are given in the table above for sake of quick code reference during the following analysis.  Bolded words 
are used to help the reader quickly scan for specific codes.
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Analysis Across Cases 

In the following section, I address areas of commonality across all cases.  I 

do so by going through each of the four themes, pointing to specific coded areas 

to illustrate the similarities.  While I aknowledge commonalities on a high level 

across cases, I simultaneously point to ways in which the commonalities were 

unique in how they manifested themselves at the case level.  Throughout the 

analysis and discussion below, groups of codes and individual codes are refered 

according to by their reference number in Table 11.  The reader is encouraged to 

look back at table 11 to see the coding descriptions and the frequencies that are 

being discussed in the following pages, specifically the reference number (column 

titled “Ref #”) from Table 11. 

Motivation, engagement and perseverance.  Across all the cases, 

participants’ demonstrated motivation and engagement towards the activities and 

topics discussed during the study. This engagement was determined by the 

presence of a wide array of behaviors and statements (see codes 1.1 – 1.22).  For 

some participants, this motivation and engagement centered on a desire to learn 

more about the environmental topics and activities involved in the study, namely 

Clouse and Beatrice.  As Clouse described, “…I don’t want to pretend I’ve done it 

all…I’m really excited about learning more [about environmental topics] next 

year…”  

For others, namely Harper and Amelia, the motivation and engagement 

was piqued by activities in the study that allowed them to reveal doubt, confusion 

and allowed for exploration of the necessary complexity of topics without graded 
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evaluations or what they saw as an evaluative audience.  For example, Amelia 

expressed enjoyment and interest in the farming scenario responses, which she 

also communicated finding difficult and complicated. She reported having “spent 

a ton of time on that, whole thing...the farming writing, that was actually really, 

interesting…” Harper also expressed this type of motivation, being able to explore 

complex issues without worry of evaluation, “…as long as I’m not getting graded 

on [this conversation] [laughs]…yeah, I have no clue on that, but let’s see…” She 

also indicated motivation for tasks within which she could express doubt and 

explore the issues from an admittedly novice starting point,  

“I love learning the ideas in science and then putting them into life…into 

real things, I think that’s why physics is great…it doesn’t, usually, tell you 

how something is [emphasized “is”] in the world…it tells you ideas that 

you can use to get what’s going on in the world…so its like it tells you a 

way to understand something instead of telling you something…and that’s 

how the farming thing was…I got to use ideas to make something…even 

if I, its new or, even if, even if I don’t know exactly what I’m talking 

about [laughs]…” 

For Oscar and Victor, the motivation centered on conversations and 

activities in which they were able to express doubt, dissent, conflicting opinions 

and beliefs and evidence that they did not share outwardly in classroom settings 

or formal tasks tied to the class.  To illustrate this, Oscar demonstrated a low level 

of engagement in the class setting (see codes 1.2, 1.17); furthermore, he never 

revealed the same doubt in class or small groups that he expressed in interviews. 
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He admitted withholding his own beliefs because “…I know how [my teacher] 

thinks about this…she really believes it, and I don’t want to, make her think, I just 

don’t want to get into that…” He admitted knowing how to “just go along with it” 

in class by knowing “…how to how to talk, and write for class…and for 

tests…just because I don’t believe it doesn’t mean I can’t do it when it counts, get 

my grades and credit…” However, in interviews, a context in which he did not 

know my beliefs or politics, both Oscar and Victor engaged at a higher level, 

similar to other participants (see codes 1.1, 1.5, 1.9, and 1.12). 

What is common among these cases is the fact that within the activities 

and conversations involved in the research project, every participant demonstrated 

engagement and motivation.  By the end of the interviews and observations, all 

six of the participants had expressed (multiple times and without prompting) an 

enjoyment of the process, especially the interview conversations (see code 1.1).  

Interestingly, all six participants expressed enjoyment tied directly to a task or 

conversation for which they also expressed challenge or difficulty (see code 1.5), 

which also provided evidence of perseverance for all six participants, being able 

to explore complex and challenging conversations and activities over time 

towards eventual enjoyment of that challenge. 

Another commonality between cases was the fact that every participant 

demonstrated a willingness to explore topics for which they admitted having little 

or no understanding or knowledge, which I thought of as “trail-blazing” responses 

(see code 1.12). Some participants entered into this vulnerable activity more often 

than others (Harper and Amelia).  However, all six participants demonstrated this 
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willingness within the interview setting.  Interestingly, the participants did not 

demonstrate this same behavior during classroom observations.  Every one of the 

fifty-two coded occurrences of trail-blazing statements by the focus participants 

was collected in interviews with participants.  This discrepancy, that all of the 

statements that would later be termed “trail-blazing” were being noticed during 

interviews but not in classroom observations, was noted in the reflection journal 

during the study. In fact, once this potential case of bias was noticed, I actively 

sought these trail-blazing statements during three full observations of the class.  In 

spite of an active attention to these types of statements, I was unable to observe 

any examples of these statements in the classroom setting. 

It is important to differentiate this behavior of “trail-blazing” with that of 

asking a question.  When asking a question, participants indicated a lack of 

information, however no demonstrated attempt was made by the same participant 

to verbally explore the topic on their own7 since the question and subsequent 

pause for response suggested a request for an external answer. To clarify, both in 

a question asking and in a “trail-blazing” response, the participants indicated a 

perceived lack of knowledge or information.  However, only in the trail-blazing 

response did the participants verbally explore the solution without reliance on an 

external case. 

Phase one belief category alignment to phase two data. Across each 

case, there were several similarities in terms of how the phase two data aligned to 

                                                
7 Admittedly, the participant may have been exploring the topic mentally,  
unbeknownst to the observer. 
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the belief category identified for each participant in the first phase of the study.  In 

general, the phase two data supported the phase one categorization of each 

participant (see codes 2.3, 2.5, 2.7, 2.9, 2.11, 2.13, 2.15 and 2.17).  However, the 

phase two data, across every case, indicated misalignment to the phase one 

category for participant’s knowledge of and engagement in learning about climate 

change (see code 2.2).  

Participants who were identified as having a high level of engagement and 

perceived knowledge of the topic based on the Six Americas survey (Clouse & 

Beatrice) were largely supported by the phase two data as having knowledge of 

and engagement in the subject (see code 2.1 and 2.2).  However, the participants 

who were identified as having a lower level of engagement in and knowledge of 

the topic based on the Six Americas survey8 in the first phase (Harper, Oscar & 

Victor) all demonstrated more engagement in the topic during the second phase of 

the study than the Six America’s description of their categorization (see code 2.1 

and 2.2). This engagement was demonstrated in different ways for different 

participants (as discussed in the previous section), however, every participant 

demonstrated engagement and motivation within conversations and activities 

involving climate change and global warming, which contradicts the general 

description of the participants identified as Disengaged and Doubtful.   

Similarly, several category names, Disengaged and Doubtful, did not seem 

appropriate for those participants in the study identified as such (at least as single-
                                                
8 The level of engagement determined by responses that indicated a lack of interest in 
learning more about the issues, less interest in changing behaviors to prepare for or 
mitigate climate change and less interest in conversations in general around the topic. 
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word identifiers).  The Disengaged participant (Harper) demonstrated among the 

highest level of engagement and interest in the topics discussed in the study, more 

than several participants who were identified by the survey as having higher 

levels of engagement (see codes 1.1 – 1.22).  Furthermore, the Doubtful 

participants (Victor and Oscar), while expressing doubt in regards to the causality 

of climate change by anthropogenic factors (Oscar), or even its overall existence 

(Victor), still demonstrated belief in the subsystems and phenomena involved in 

climate change, and both stated belief in the discrete pieces of evidence even if 

they did not subscribe to an overall belief in the phenomena of climate change. As 

previously noted, Oscar delineated his beliefs between existence and causality by 

stating,  

“…you mean climate change like, whether it’s getting warmer on average 

on Earth…yeah, for sure…there is a lot of data out there, and I believe it, 

it is true…data that it is getting warmer…but if we are talking about why 

it’s going on, that’s different.” 

The missing link between their belief in the subsystems and their non-

belief in climate change at large was either a lack of belief that all the subsystems 

fit together to create climate change as described (Victor) or a lack of belief in 

anthropogenic causes of climate change (Oscar). 

Another similarity that was seen across cases was the fact that participants 

as a whole demonstrated almost twice as much uncertainty in their own beliefs 

(see code 2.16) than certainty (see code 2.15). In other words, the participants 

expressed more doubt and malleability in their own beliefs than they expressed 
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assuredness that their beliefs were correct. Victor alone demonstrated more 

certainty in his beliefs than uncertainty in his beliefs (see codes 2.15 and 2.16).  

Interestingly, most cases where a participant expressed this doubt or uncertainty 

in her/his beliefs occurred when participants were pushed to describe or explain a 

belief in terms of content knowledge or examples that supported their stated 

belief.  When I asked Beatrice to tell me about the “solid” information she was 

basing her belief in climate change on, she struggled and ultimately revealed 

some uncertainty in the information and her own certainty in her beliefs, 

“Well, they gave lots of new, new information…I guess a lot of it is stuff 

that I didn’t know about…so I, well, I guess I just trust them…but that 

makes things a little shaky…I mean I think I still believe all of it, but I 

just, I have to know more….” 

Finally, every participant demonstrated changing their beliefs based on the 

audience (see code 2.17).  All participants demonstrated more uncertainty in one-

on-one interviews that they did in their class setting.  Furthermore, some 

participants only shared certain beliefs in the interviews or small groups, 

especially participants who held opinions they saw to be at odds with the teacher 

of the course (Victor and Oscar).  In whole class settings, these participants rarely 

voiced an opinion or shared a piece of information that contradicted climate 

change’s existence specifically, and anything that was assumed to be the teacher’s 

opinion in general.  Even when Oscar recommended using the pesticide on the 

field (the only participant in the class), he did so only after clearly indicating 

awareness of a wide range of inherent risks to the environment.  Finally, Clouse 
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actively took up belief statements other than those stated in interviews for the 

sake of “balancing” conversations in the whole class setting.  In one or more of 

these ways, every participant in the study modified their stated belief or 

confidence therein in different contexts with different audiences.   

Social and scientific foundations. Across all cases, participants 

demonstrated drawing knowledge from both social and scientific informational 

sources.  The vast majority of content knowledge statements were tied to formal 

scientific sources such as classroom lectures, activities or materials (see codes 3.7 

– 3.10), however, each participant indicated content knowledge based on 

something heard from a family member or peer (see codes 3.1 – 3.4).  Across the 

six cases, social sources of information were cited more frequently by Oscar (12 

social source citations) and Victor (10 social source citations) than by their peers 

(5 or less social source citations each).  Interestingly, Oscar and Victor were those 

who explicitly stated that their beliefs were divergent from that of the teacher and 

overall classroom.  

The source cited for the highest percentage of correct knowledge 

statements was classroom lectures, activities and materials (see codes 3.7 and 

3.8). The source cited for the lowest percentage of correct knowledge statements 

was a peer (see codes 3.3 and 3.4).  Of most interest when looking across cases is 

the fact that all participants cited personal experiences (see codes 3.5 and 3.6), 

those defined as experiences those that did not involve another individual giving 

information.  While more often than not these citations of personal experience 

resulted in incorrect knowledge (23 instances of missing conceptions or 
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misconceptions versus 21 instances of correct knowledge when citing personal 

experiences), I was surprised during analysis at the sheer volume of citations of 

personal experiences, and even more surprised by the rate of correct knowledge 

statements occurring from those personal experiences (a higher rate of correct 

knowledge than the other social sources of information). 

Depth, breadth and scale of climate change.  Across all cases, several 

patterns emerged in relation to the overall depth, breadth and scale of climate 

change.  First and foremost, the data from phase two indicates the presence of 

many misconceptions or missing conceptions for the case participants.  Among 

these areas of missing conceptions and misconceptions, all six participants had 

misconceptions around the following four subsystems or topics: (a) different types 

of radiation, (b) the greenhouse effect itself, (c) the difference between the 

greenhouse effect and the ozone, and (d) the carbon cycle (see codes 4.1 – 4.8).  

While participants demonstrated pieces of correct information for these systems 

(see codes 4.2, 4.4, 4.6 and 4.8), every participant demonstrated difficulty within 

these four areas.  Of these four topics, the two areas that seemed most difficult for 

participants articulating different types of radiation for which only two pieces of 

correct information coded in the entire study related to this topic (see code 4.2), 

and differentiating the greenhouse effect from ozone for which there were zero 

pieces of correct information coded in the entire study (see code 4.6).   

During the phase two observations and interviews, participants 

demonstrated much willingness to explore connections between subtopics and 

subsystems.  However, their great willingness was eclipsed by an even greater 
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difficulty making “correct” connections as articulated by the expert models.  

Overall, participants were more than twice as likely to arrive at incorrect 

knowledge (misconception or missing conception) as they were to arrive at 

correct knowledge when articulating connections between systems (see codes 4.9 

and 4.10). Participants demonstrated even more difficulty expressing correct 

knowledge when connecting subsystems to articulate the relationship to climate 

change.  Three participants (Clouse, Amelia and Oscar) were not able to make 

this connection at all, and others (Harper, Victor and Beatrice) were able to do so 

only a few times within the study (see codes 4.11 and 4.12). 

Patterns also emerged across cases in terms of the reasons participants 

cited for difficulty with exploring and understanding climate change as a topic.  

Every participant noted that they felt like they did not have access to all 

information or the right information to be able to understand climate change (see 

code 4.13).  Similarly, every participant also noted that even if all knowledge was 

accessible, that the overall depth, breadth and scale of climate change was 

incredibly difficult to understand, even for scientists who studied the topic 

exclusively (see code 4.14).  As Harper articulated, climate change is “just, 

complex and, complicated with…there is just a lot going on there with climate 

change…its hard to believe anyone has it straight…”  Finally, all but one of the 

participants (Amelia) cited that climate change was difficult to understand 

because it was distorted for political reasons and it was often difficult to 

determine if information was accurate because the information was likely 

distorted by political agendas (see code 4.15).  As Victor stated, “…I believe the 
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individual science and parts, I don’t believe the story people tell with these little 

parts, it always seems dishonest and political…” 

 Finally, all participants demonstrated a willingness and ability to use 

system theory skills in relation to climate change and its constituent subsystems 

and subtopics, many times in the form of the aforementioned “trail-blazing” 

responses (see codes 4.16 and 4.17).  The use of these system theory skills 

resulted in correct knowledge at times (10 occurrences total), however the 

majority of the system theory skill applications resulted in responses that could 

not be coded as correct knowledge (27 occurrences total).  However, even when 

they did not result in correct knowledge, participants noted these instances of 

using system theory skills to move through difficult or challenging topics, as 

enjoyable more often than not (see code 1.5).  
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Chapter VII: Conclusions, Implications and Future Research 
 

 In these final pages, I begin by discussing the conclusions of this study.  I 

then discuss implications of this study, particularly for educators and researchers 

interested in climate change education.   Finally, I share suggestions for future 

research on the topic based on the findings of this study and the many questions it 

has raised. 

 This study, from its design, methodology, data collection and subsequent 

analysis resulted in several conclusions about ways in which different students 

with differences in knowledge, system theory skills, social influences, beliefs and 

attitudes toward climate change conceptualized climate change and its constituent 

parts. The inherent complexity of the study resulted in many new questions for 

future consideration and research; however, the study resulted in several 

conclusions that may act as signposts within this complex arena of study.  It begs 

mention, again, that the conclusions drawn below are not driven towards theory 

creation or generalizable conclusions outside the scope of this study and its 

participants.  However, it is the intention that the conclusions drawn from this 

study, and the particular cases within this study, may point towards potential 

greater truths through the lens of the small truths discovered in this work (Sahlins, 

1999).   

While several of the conclusions are direct responses to the research 

question, the study also uncovered conclusions that were not part of the original 

research question.  This is not surprising, considering the qualitative nature of the 
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second phase as well as the case study methodology, both of which are emergent 

and have the ability to uncover unanticipated findings.  Such unanticipated 

conclusions are one of the many benefits of the methodology of the study.   

Not only were the conclusions themselves important, but their additive 

message reveals that in the end, the study uncovered something larger than 

student conceptualizations of climate change, it revealed complex student 

epistemologies of climate change, and the ways students come to know about and 

interact with climate change.  

The first three conclusions below address the research question itself, 

specifically how student conceptions of climate change are influenced at the 

intersection of beliefs, attitudes, social influences, content knowledge and system 

theory skill ability.  The subsequent three conclusions address the findings from 

the study related to student epistemologies of climate change.  

 

Conclusions Within Scope of Research Question 

As a reminder to the reader, the specific research question this study set 

out to answer was as follows: 

- “How do differences in content knowledge, system theory skills, social 

influences, beliefs and attitudes towards climate change influence overall 

conceptualizations of climate change in an environmental science high 

school classroom?” 
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As previously mentioned, this study arrived at several conclusions that directly 

respond to this research question.  I move now to discuss the three conclusions 

that directly answer this question before moving into three conclusions that are 

related to, but move beyond the initial research question. 

Conclusion #1:  Radiation, the greenhouse effect, ozone and the 

carbon cycle remain difficult concepts for students to articulate 

understanding of, whether explored in isolation or in relation to other topics.  

The data from the study reinforces the findings from earlier studies that types of 

radiation, the greenhouse effect, the difference between the ozone and greenhouse 

effect, and the carbon cycle are concepts that all types of students may find 

challenging (Rebich & Gautier, 2005; Boyes et al, 1993; Rye et al, 1997; 

Koulaidis & Christidou, 1999; Andersson & Wallin, 2000; Francis, Boyes, 

Qualter, & Stanisstreet, 1993; Meadows & Wiesenmayer, 1999; Rye, Rubba, & 

Wiesenmmayer, 1997, Rye & Rubba, 2000).  This study adds to those findings 

and suggests that within these four areas, two areas are of particular challenge for 

students in this study, namely differentiating types of radiation and differentiating 

the greenhouse effect from ozone.   

Conclusion #2:  Students who hold beliefs in opposition to 

anthropogenic causes of climate change and who also perceive their teacher 

and/or peers as having beliefs agreeing with anthropogenic causes of climate 

change, are more likely to draw from social informational sources, which 

have a greater likelihood of containing incorrect knowledge.  The study data 
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indicates that all students drew from both scientific and social informational 

sources when discussing climate change.  This finding supports the existing 

research on climate change education regarding various social and scientific 

sources being accessed by students (Bråten, Strømsø & Salmerón, 2011; 

Shepardson, Niyogi, Choi, & Charusombat, 2009).  However the data also 

indicates that a student’s perceived alignment to her/his teacher’s beliefs may 

impact the amount of social informational sources drawn from.  The two 

participants in this study who indicated that their beliefs were in opposition to 

their teacher’s beliefs (Oscar and Victor) were more likely to cite social sources 

of information than their peers who did not indicate this oppositional feeling 

toward their teacher.  While this study indicates that social sources of information 

can result in correct knowledge for students, this study also indicates that social 

sources of information (namely family member and peer sources) have a lower 

likelihood of conveying correct knowledge on the whole when compared to 

scientific sources.  The implication here is that students whose beliefs conflict 

with their teacher (and rely more heavily on social informational sources) are 

more likely to encounter incorrect content than their peers who rely on more 

scientific sources of information.  Interestingly, in this study, students who had 

beliefs in opposition to anthropogenic causes of climate change demonstrated 

above-average content knowledge regarding the sub-topics and systems of climate 

change. 
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Conclusion #3: The study of the overall phenomena of climate change 

gives opportunities to use system theory skills, but may also result in feelings 

of inaccessibility and/or incomprehensiveness. This study supports the findings 

of previous literature, specifically that the exploration of complex systems in real 

world settings can provide rich opportunities for students to practice and 

demonstrate system theory skills (Boersma, Waarlo & Klaassen, 2011; Koulaidis 

& Christidou, 1999; Rule & Meyer, 2009).  This study also adds that such 

opportunities can be created specifically through exploration of climate change 

and its subsystems. The exploration of climate change that occurred with the 

focus participants in interviews was intentionally situated within the complexity, 

depth, breadth and scale of climate change; In doing so, the activities gave 

participants the opportunity to practice and demonstrate system theory skills 

needed to access such complex issues and topics which also supports the existing 

literature (Kali, & Orion, 2005; Ben-zvi-Assarf & Orion, 2005; Kali, Orion & 

Eylon, 2003). This study indicates not only that an exploration of climate change 

and its subsystems provide a rich context for system thinking skills, but it also 

indicates that for these participants, the complexity of the conversations and 

topics provided opportunities for participants to “trail-blaze” or willingly work 

through content or ideas for which they admittedly had little or prior knowledge.  

While “trail-blazing” is not an explicit system theory skill as defined by the 

literature, this willingness to operate at the edge of one’s own knowledge base 

may be worth consideration in future discussions of system theory skills. 
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While this study supports much of the existing literature in terms of the 

intersection of system theory skill with climate change as a suitable context, an 

unanticipated outcome of this study that diverges from the build of existing 

literature is that the exploration of climate change exposed students to a level of 

complexity that resulted in participant expressions that climate change was so 

complex that it was incredibly difficult if not impossible for anyone, let alone a 

high school student with limited opportunities to the topic, to fully access all 

information needed for full comprehension of the phenomena.  Based on these 

feelings, participants questioned how appropriate climate change was as a topic 

for a high school course due to the overwhelming complexity, depth, breadth and 

scale of the phenomena.  If the conclusions are taken additively as described 

above, and if we assume climate change education should attempt to build system 

theory skills as well as develop understanding of and belief in correct knowledge 

of climate change’s subtopics and systems, then this study indicates that while it 

provides a rich context for system theory skill practice, two weeks may not be 

nearly sufficient to build understanding and knowledge about climate change as a 

summative phenomena.  It is possible that a longer period of time spent studying 

climate change could result in better student outcomes in terms of knowledge and 

understanding of climate change.  Furthermore, if two weeks is the only time 

available (as was the case in this classroom), this study indicates that exploration 

of climate change as a summative phenomenon may not be appropriate or fruitful 

within the high school setting due to heavy implications of student beliefs as well 
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as the overall complexity of the topic (which may be beyond the grasp of even the 

most competent instructors).   

 

Conclusions Beyond Scope of Research Question 

I now move from the three conclusions tied directly to the research 

question to three additional conclusions that emerge from the study, yet are vitally 

important to the study of climate change education.  As mentioned above, these 

conclusions point to a larger theme of student epistemologies related to climate 

change that may be equally important to, if not more important than the three 

conclusions above. 

Conclusion #4: Motivation and engagement are not necessarily linked 

to climate change beliefs and attitudes.  The six cases analyzed in this study 

spanned four of the six categories described in the Six Americas study 

(Concerned, Cautious, Disengaged and Doubtful).  The six America’s study 

describes a level of engagement around climate change that is tied to a 

respondent’s category in the Six Americas.  Specifically, the level of engagement 

tied to categories decreases as one moves along the continuum from Alarmed to 

Dismissive (Leiserowitz et al, 2010; Leiserowitz et al, 2012).  However, this study 

found no support of a strong correlation between a Six Americas category and a 

participant’s level of engagement around conversations pertaining to climate 

change.  Rather, this study found that all participants demonstrated engagement in 

the topic of climate change within the setting of this study.  Some participants 
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demonstrate motivation and engagement in learning more about the topic, others 

demonstrated motivation and engagement in the opportunity to reveal uncertainty 

and doubt around the topic before exploring it in a non-evaluative setting, others 

still demonstrated engagement in a conversational setting that welcomed 

dissenting viewpoints and doubtful perspectives on the topic.  Regardless, the data 

from the study indicates that participants are able to show high levels of 

engagement in the topic of climate change regardless of their level of belief 

towards the topic.  With that said, several factors seemed to enable all students to 

engage in the topic regardless of their beliefs toward climate change.   

First, all participants (and particularly participants who demonstrated 

dissenting beliefs in climate change) demonstrated more engagement in the 

interview settings, where I practiced non-disclosure of my own beliefs and 

intentionally withheld concepts of “correct knowledge” around the topics. In 

interviews, I actively and intentionally did not indicate my own beliefs on the 

topic throughout the study.  In addition to withholding my own beliefs, I actively 

and intentionally withheld content information (“correct knowledge”), and rather 

asked probing questions and offered examples for the students to grapple with, 

which in turn developed a relationship in which participants were expected to 

work through issues themselves.  Also of importance is that I, as the sole audience 

in interviews, continually reinforced an environment that was explicitly non-

evaluative, guaranteed anonymity of all ideas and statements, and represented a 

temporary and bounded time in their life (as opposed to a conversation with a 



   232 

teacher, friend, peer, family member etc. for whom statements made by the 

participant may be remembered into the future and potentially impact 

relationships). The level of engagement in interviews by participants differed 

greatly from the classroom atmosphere, where participants had clear assumptions 

about their teacher’s beliefs in climate change as well as a clear notion that there 

were correct answers and models that they were responsible for both in the class 

and on the AP exam (reinforced by the fact that this correct knowledge was never 

withheld for more than the first five to ten minutes of class by the teacher).   

 The second factor that seemed to influence the engagement and motivation 

of participants was the complexity of the activities and conversational topics 

involved in the study.  While I began this study bolstered by the idea that complex 

systems were valuable contexts for learning, as discussed in previously cited 

literature (Ben-zvi-Assarf & Orion, 2005; Boersma, Waarlo & Klaassen, 2011; 

Evagorou, et al., 2009; Hammer and Dusek, 2006; Kali, Orion & Eylon, 2003; 

Mayer, 1995; Osbourne et al., 2002; Senge, 1990).  While this existing literature 

gave credence to the importance of exploring complex systems intentionally 

through the use of system theory skills, as well as the inherent difficulties in doing 

so, there was little discussion of the level of enjoyment of these topics and 

practices for students.  Because of this, I was surprised to find that the complex 

tasks and topics involved in this study resulted in heightened enjoyment and 

engagement.  Prior to the study, it seemed more likely that the complexity of the 

topics involved in climate change would result in less engagement because of the 
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inherent challenge and difficulty grappling with the issues as well as the fact that 

the none of the activities, conversations or work produced in the study would have 

any impact on their grade or evaluation in the course.  Despite these a priori 

assumptions, the data of the second phase of this study indicate the opposite; all 

six participants indicated greater engagement, motivation and perseverance with 

activities and conversations in the study that were more complex, challenging and 

lacked a simple, quick or singular answer.   

Finally, the motivation and engagement in all cases was impacted by the 

duration of the study and contact with participants.  When comparing codes 

drawn from the first interview to those drawn from the third interview for each 

participant, all cases demonstrated more coded occurrences of motivation, 

engagement and perseverance in the third interview than in the first.  Therefore, 

the engagement of the participants was heightened not only by the environment 

created in the interviews (discussed in the paragraph above), but was also 

heightened by the passage of time and the assumed comfort and trust developed 

between the researcher and participant. This conclusion supports the 

recommendations of Lincoln and Guba (1985) for prolonged time in the field 

towards rich qualitative data. 

Conclusion #5:  Belief structures around climate change are dynamic 

and context-dependent.  While existing literature aids in identifying beliefs and 

attitudes toward climate change in one moment as a snapshot (Leiserowitz et al, 

2010; Leiserowitz et al, 2012), there is little research that discusses the 
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particularly malleable belief statements around climate change for students.  The 

six cases analyzed in this study indicate that belief structures around climate 

change are both dynamic and context-dependent.  The data indicates that overall, 

participants demonstrated more uncertainty than certainty in their beliefs around 

climate change.  Furthermore, belief statements may have changed over time.  

Initial statements of beliefs and attitudes on the Six Americas survey indicated 

more certainty than was evidenced in interviews and classroom observations.  

Furthermore, the frequency of statements indicating uncertainty in beliefs for all 

participants was greater in the third interview compared to the frequency of those 

statements in the first interview. 

Not only were belief statements dynamic over the course of the study, but 

also belief statements were different depending on setting, context and audience. 

All participants changed their expressed beliefs to some extent between interview 

settings and classroom settings.  Some participants explicitly changed their 

expressed beliefs if they saw them to be divergent from the teacher’s or their 

classmates or if they felt a need to balance an opinion of another.  Others simply 

did not express beliefs in the whole class setting at all during observations.  Not 

only did the beliefs themselves change from setting to setting, but also the level of 

certainty of those beliefs changed based on setting, context and audience.  

Articulations of uncertainty were far more likely to occur in interview settings 

than in whole class settings, and all coded statements of certainty of beliefs 

occurred during classroom settings.  In these ways the study indicates that the 
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beliefs of students and certainty of those beliefs is both dependent on and 

impacted by changes in time and changes to setting, context and audience.   

While these findings do not refute the existing literature that addresses 

student beliefs toward climate change as a snapshot and as something that can 

change over time based on new information and experiences (Devine-Wright et al, 

2004; Leiserowitz et al, 2010; Leiserowitz et al, 2012), it does indicate that 

students are capable of demonstrating multiple belief structures in the same period 

of time, and that those structures may even contradict one another across 

audiences. With this in mind, the Six America’s tool may be less-than-valid for 

purposes of uncovering the complexity of student belief systems and their 

dynamic, context-dependent nature. 

Conclusion #6:  Expression of disbelief in climate change does not 

correlate to disbelief in or incorrect knowledge of the scientific topics related 

to climate change.  The cases analyzed in this study indicate that an expressed 

disbelief in climate change does not necessarily indicate a disbelief in the 

underlying scientific evidence of climate change. Participants in this study who 

indicated some level of disbelief in climate change simultaneously demonstrated 

belief in and validation of underlying scientific data and topics of climate change 

(e.g. correlation of carbon dioxide to temperature increase, evidence of glacial 

retreat, ice core samples used for accurate atmospheric sampling over time, etc.).   

It is important to differentiate this conclusion from Conclusion #2.  In the 

second conclusion above, it was stated that  
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“Students who hold beliefs in opposition to anthropogenic causes of 

climate change and who also perceive their teacher and/or peers as having 

beliefs agreeing with anthropogenic causes of climate change, are more 

likely to draw from social informational sources, which have a greater 

likelihood of containing incorrect knowledge.” 

While Conclusion #2 is related to the different informational sources saught by 

different types of students, this conclusion is related to the cumulative beliefs and 

knowledge held by students.  In other words, students who hold beliefs in 

opposition to climate change’s existence of causality may seek more information 

from less accurate sources (social); however their cumulative beliefs may be 

much more in agreement than assumed, and their level of knowledge may be 

higher than expected. In fact, several participants who expressed disbelief in 

climate change in general or its causality had some of the higher levels of belief 

and content knowledge of all students in the study, specifically when talking 

about sub-systems or sub-topics of climate change.  While participants with low 

overall belief (as determined by the Six America’s survey) did demonstrate 

surprisingly high belief and knowledge of these sub-systems and subtopics, these 

participants demonstrated less ability than their peers to connect the constituent 

topics or sub-systems to the summative and overarching phenomena of climate 

change.   

The existing literature suggests that this difficulty in moving from 

subsystems to climate change in general may be caused by gaps in knowledge and 
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non-proficiency with system theory skills necessary to understand scope and scale 

involved in understanding the important connections between subsystems 

(Andersson & Wallin, 2000; Kali, Orion & Eylon, 2003; Meadows & 

Wiesenmayer, 1999; Rebich & Gautier, 2005).  This study supports the existing 

literature, namely that gaining knowledge, developing understanding and 

ascribing belief to discrete parts of climate change is more likely than doing the 

same for climate change as a whole because the correct knowledge of climate 

change as a whole requires access and understanding of many complex sub-

systems and phenomena.  

However, this research suggests that in addition to these factors, a belief 

system (whether actual or performed for a given audience), may also hinder a 

student’s ability to make these connections. In other words, while they may be 

able to make the connections, their belief statements of doubt (as in Victor and 

Oscar), may inhibit a students willingness to make these connections if they 

would act in opposition or contradiction to previously stated beliefs.  This may be 

magnified by contexts within which a student sees their beliefs in opposition to 

the teacher. 

On the other side of the coin, some participants indicated a high level of 

belief in the overall phenomena of climate change but had trouble articulating the 

foundational pieces of evidence that created that belief (largely due to 

misconceptions or missing conceptions of the sub-topics related to climate 

change).  For these participants, while belief was expressed as high for climate 
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change and its components, the foundation of those beliefs was not proportionate 

to the stated beliefs.  Interestingly most participants who expressed low levels of 

belief in climate change in general were more able to articulate an understanding 

of the components of climate change.  In this way, the study indicates that an 

expression of disbelief of climate change in general should not be assumed to 

indicate disbelief in underlying pieces, topics or phenomena related to climate 

change.  An example that illustrates this is the ratio of correct knowledge to 

missing conceptions or misconceptions for the subsystems and connections 

thereof in the study (see codes 4.1 – 4.11).  Examining these statements reveals 

that Victor, the participant with the lowest stated belief in climate change 

throughout the study, had the second highest ratio (10:14) of correct knowledge 

statements of subsystems to statements indicating misconceptions or missing 

conceptions around subsystems (second only to Amelia’s ratio of 10:11).  To state 

it frankly, students identified as “Disengaged” or “Doubtful” exhibited above 

average correct knowledge and understanding of the sub-topics and sub-systems 

of climate change; which surprised me as a researcher as it is counterintuitive and 

counter to research that suggests that those identified as Disengaged and Doubtful 

have low overall knowledge and understanding of the issues.  Based on this study, 

a more accurate statement would be that students identified as Disengaged or 

Doubtful likely have lower beliefs in climate change as a summative phenomena 

and the anthropogenic causes of climate change, however these identifiers do not 

necessarily mean the students have low belief or knowledge of sub-topics or sub-

systems of climate change. 
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Implications 

The findings and conclusions of this study carry several implications for 

those interested in climate change education at the classroom level as well as the 

research level.  These implications are predicated upon the acknowledgement of, 

and directly derived from the conclusions above.  If we acknowledge those 

conclusions, there are several implications that stem directly from those findings.   

First and foremost, teachers and others interested in climate change 

instruction should start by providing opportunities for students to explore 

important parts of climate change prior to discussing climate change in general.  

These topics are not limited to, but should include opportunities to explore the 

areas most often coded for misconceptions and missing conceptions: types of 

radiation, greenhouse effect and the differences with the ozone, and the carbon 

cycle.   

Secondly, when exploring these sub-topics and systems, educators and 

researchers alike would be wise to withhold delivery of expert models (i.e. correct 

knowledge exemplars), at least at the beginning of each exploration.  Rather, 

starting with activities such as real-world problems, scenario-based activities and 

student-led conversations towards unknown and undetermined end goals (because 

the correct knowledge has not been set as the end yet).  Doing so may better allow 

students to utilize system theory skills, openly express their beliefs and 

knowledge, and personal connections in an environment unrestricted by the 
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parameters of a pre-determined set of correct knowledge that they will be 

evaluated against.  This may be of particular importance within the context of 

climate change and even more specifically for students who may not have belief 

in climate change at the onset because it may allow students to more honestly and 

more deeply engage in the issues because students who are doubtful of climate 

change may not have the same disbelief in the science of these subtopics or 

systems.  If not connected explicitly connected to climate change at the onset, this 

may enable all students to engage with the science on a higher level.  

Third, while exploration of these sub topics may prove fruitful for many 

reasons, after these explorations students should have access to, time to explore, 

and time to probe the expert models of these important sub-topics related to 

climate change.   Not only that, but students should have the opportunity to 

demonstrate understanding of those expert models for subtopics and subsystems.  

Failing to provide access to expert models and opportunities to demonstrate 

understanding of those models for these areas may stifle any attempts to make 

robust connections to other subtopics or to climate change as an overall 

phenomenon. 

Fourth, there are several possible implications around the classroom 

culture and learning environment needed for exploration of climate change and its 

constituent parts.  Namely, there should be copious opportunities for non-

evaluative activities, discussions and tasks that encourage expressions of doubt, 

debate and dissent.  To make this possible, it may also be important for educators 
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(especially if seen as an authority figure) to withhold their own beliefs around 

climate change.  Doing so may increase the likelihood for more honest and open 

interactions with all types of students, especially those who may otherwise not 

engage if they see their own beliefs conflicting with those of the teacher.   

Fifth, while the Six America’s survey tool provides helpful information 

when looking at the belief structure of adults in the United States, the tool may be 

less helpful in educational settings when more information is needed in order to 

better understand student beliefs and attitudes to provide instruction that will 

support and build from these student attributes.  Especially when considering a 

single classroom (a setting whose size doesn’t necessitate the efficiency of a 

survey tool), the best method for eliciting beliefs and attitudes toward climate 

change and its parts may be the instructional methods described above since their 

non-constraining approaches provide opportunities for students to express their 

knowledge and beliefs within the activities themselves.  When students do express 

beliefs, we should assume that both time and audience are major factors in that 

belief expression. 

Finally, the research methodology itself has implications for future 

research.  Through the use of a quant-QUAL mixed-methods approach, and 

through the use of the axial coding method for the case study, this study 

uncovered several findings that would have assumedly gone unnoticed with 

another methodological approach to the research question.  This is perhaps one of 

the most important implications of the study; research using mixed methods and 
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specifically emergent qualitative components have the ability to uncover new and 

important conclusions that will otherwise go unnoticed by methodologies without 

emergent qualities.  Researchers of complex topics who hope to not only build 

and converse with existing research, but to add to this research with new and fresh 

insights would be wise to consider methodologies with these powerful emergent 

qualities.  Such research may not grant immediately generalizable theory, but it 

certainly has the power to perceive great things in small ones (Shalins, 1999) that 

can be explored in subsequent work, and eventually built towards new theory and 

generalizable understanding. 

 

Future Research 

 As previously stated, this study resulted in many questions for future 

consideration and research.  Namely, this study indicates a need for the following 

questions to be explored: 

• Could instruction that never explicitly makes connections to climate 

change actually increase the engagement, belief and understanding of 

climate change in the long run for students, particularly for those who 

do not start with high levels of belief in the topic from other 

experiences? 

• What would be the impact of a classroom instructional approach that 

incorporates the four implications discussed in the previous section?  

Could such an instructional approach to cliamte change improve 
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classroom engagement indicators from all groups of students 

regardless of belief structures or prior knowledge?  Could such an 

approach result in high levels of belief in the components taught for all 

students?  Could such an approach increase the ability of students to 

operationalize system theory skills and/or better enable students to 

understand and articulate expert models of these areas studied?  How 

would this course compare to another course with one or multiple 

implications missing? 

• Is there a particular sequence of sub-topics or subsystems that could 

lead to the greatest grasp of those subtopics but also lend itself to 

greater integrative understanding of those topics? 

• Can the Six America’s survey be modified for purposes of better 

assessing students beliefs and attitudes toward climate change?  

Specifically, can the tool be modified so it better captures the 

difference in beliefs toward climate change in general and beliefs in 

the specific pieces of climate change science? 

• To what extent do teachers’ beliefs, system theory skill proficiency 

and content knowledge around climate change impact their 

instructional approach to the topic?   
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Appendices 
 

Appendix A:  Hydrological Content Knowledge Survey 

 
Name _________________________________ Date _______________ 
 
Test your knowledge of system thinking around water! 
 

1. Out of all water that evaporates on the Earth, the most water evaporates 
from: 

a. Hot Desert Areas such as the American Southwest 
b. Polar Ice Caps 
c. Land forms bounded by the tropics 
d. Oceans 
e. Mountainous Regions 
Comments/Notes:  
 
 

 
 
 
 
2. Out of all water that precipitates on the Earth, the most water evaporates 

on: 
a. Hot Desert Areas such as the American Southwest 
b. Polar Ice Caps 
c. Land forms bounded by the tropics 
d. Oceans 
e. Mountainous Regions 
Comments/Notes:  
 
 

 
 
 
 
3. When entering a warm coffee shop from the cold sidewalk, a woman’s 

eyeglasses fog up.  This is an example of: 
a. Precipitation 
b. Evaporation 
c. Condensation 
d. None of the above 
Comments/Notes:  
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4. After evaporating, water’s average time in the atmosphere before 

precipitating (its “residence time”) is approximately: 
a. Less than 12 hours 
b. 12-24 hours 
c. 9 Days 
d. 90 Days 
e. Two Years 
Comments/Notes:  
 
 

 
 
 
 
 
5. Over the past 500 years, the amount of water on Earth has: 

a. Increased by 5% 
b. Decreased by 5% 
c. Increased by 10% 
d. Decreased by 10% 
e. Remained relatively the same 
Comments/Notes:  
 
 

 
 
 
 
 
6. When water evaporates, it makes the surrounding environment: 

a. Cooler 
b. Warmer 
c. It does not impact the surrounding environment 
Comments/Notes:  
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7. Most of the water in the world (by mass) exists as a: 

a. Gas 
b. Liquid 
c. Solid 
Comments/Notes:  
 
 

 
 
 

 
8. Water on Earth can be found: (check all that apply) 

!In organisms 
!In the atmosphere 
!Under the ground, at a stationary place until moved by another force 
!Under the ground, moving through the ground until reemerging 
!In soil 
!In rock 
!None of the above 
!Other _____________________ 
Comments/Notes:  
 
 

 
 

 
 
9. How water behaves on Earth impacts: (check all that apply) 

!The outermost solid rock, or crust of the Earth (the lithosphere) 
!The inner solid rock below the Earth’s crust (the inner geosphere) 
!The plants and animals on Earth (the biosphere) 
!The layer of gasses above the Earth’s crust (the atmosphere) 
!The health care industry 
!The farming industry  
!The salary of registered nurses 
!The cost of oil 
!The behavior of migrating birds 
!None of the above 
!Other _____________________ 
Comments/Notes:  
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10. Below is a photo of the Rhone glacier in 1850 (left), and a photo of the 
Rhone glacier from the same perspective in 2012 (right).  

 
Glacial retreat, shown above is caused mostly by: (choose up to three) 

 
!  Increased rainfall, eroding the glacier 

!  Decreased solid precipitation (snow, hail, etc) on the glacier 

!  Erosion of the front of the glacier face by waves 

!  The sinking of the soil the earth below the glacial ice 

!  Increased temperature melting the glacier 

!  Changing vegetation around the glacier 

!  An increase in the ice worm population 

!  None of the above 

!  Other _____________ 

Comments/Notes:  
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Appendix B:  Climate Change Belief Survey 

 
Climate Change 

What do you think about climate change? How do these thoughts affect your 
behaviors and policy opinions? Take this survey to find out what your answers 

say about you, your relationship to climate change, and your lifestyle. See where 
you fall on the spectrum of American attitudes about climate change, and 

compare your results with other quiz-takers. 
 

1. Recently, you may have noticed that global warming has been getting 
some attention in the news. Global warming refers to the idea that the 
world's average temperature has been increasing over the past 150 years, 
may be increasing more in the future, and that the world's climate may 
change as a result. What do you think? Do you think that global warming 
is happening? 

a. Yes 
b. No 
c. Don't know 
Comments/Notes: 
 

 
2. How sure are you that global warming is happening? 

a. Extremely sure 
b. Very sure 
c. Somewhat sure 
d. Not at all sure 
Comments/Notes: 
 

 
3. If global warming is happening, do you think it is: 

a. Caused mostly by human activities 
b. Caused mostly by natural changes in the environment 
c. Other 
d. None of the above because global warming isn't happening 
Comments/Notes: 
 

 
4. How worried are you about global warming? 

a. Very worried 
b. Somewhat worried 
c. Not very worried 
d. Not at all worried 
Comments/Notes: 
 



   259 

5. How much do you think global warming will harm you personally? 
a. A great deal 
b. A moderate amount 
c. Not at all 
d. Don't Know 
Comments/Notes: 

 
 
6. When do you think global warming will start to harm people in the United 

States? 
a. They are being harmed now 
b. In 10 years 
c. In 25 years 
d. In 50 years 
e. In 100 years 
f. Never 
Comments/Notes: 
 

 
7. How much do you think global warming will harm future generations of 

people? 
a. A great deal 
b. A moderate amount 
c. Not at all 
d. Don't Know 
Comments/Notes: 
 

 
8. How much had you thought about global warming before today? 

a. A lot 
b. Some 
c. A little 
d. Not at all 
Comments/Notes: 

 
 
9. How important is the issue of global warming to you personally? 

a. Extremely important 
b. Very important 
c. Somewhat important 
d. Not too important 
e. Not at all important 
Comments/Notes: 
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10. I could easily change my mind about global warming. 
a. Strongly agree 
b. Somewhat agree 
c. Somewhat disagree 
d. Strongly disagree   
Comments/Notes: 
 
 

 
11. How many of your friends share your views on global warming? 

a. None 
b. A few 
c. Some 
d. Most 
e. All 
Comments/Notes: 
 
 

 
12. Which of the following statements comes closest to your view? 

a. Global warming isn't happening 
b. Humans can't reduce global warming, even if it is happening 
c. Humans could reduce global warming, but people aren't willing to 

change their behavior, so we're not going to 
d. Humans could reduce global warming, but it's unclear at this point 

whether we will do what's needed 
e. Humans could reduce global warming, and we are going to do so 

successfully 
Comments/Notes: 
 

 
 

13. Do you think citizens themselves should be doing more or less to address 
global warming? 

a. Much more 
b. More 
c. Doing the Right Amount 
d. Less 
e. Much Less 
Comments/Notes: 
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14. Over the past 12 months, how many times have you punished companies 
that are opposing steps to reduce global warming by NOT buying their 
products. 

a. Never 
b. Once 
c. A few times (2-3) 
d. Several times (4-5) 
e. Many times (6+) 
f. Don't know 
Comments/Notes: 
 
 

 
15. Do you think global warming should be a low, medium, high or very high 

priority for the president and Congress? 
a. Low 
b. Medium 
c. High 
d. Very high 
Comments/Notes: 

 
 
 
16. People disagree whether the United States should reduce greenhouse gas 

emissions on its own, or make reductions only if other countries do too. 
Which of the following statements comes closest to your own point of 
view? The United States should reduce its greenhouse gas emissions: 

a. Regardless of what other countries do 
b. Only if other industrialized countries (such as England, Germany 

and Japan) reduce their emissions 
c. Only if other industrialized countries and developing countries 

(such as China, India and Brazil) reduce their emissions 
d. Not at all 
e. Don't know 
Comments/Notes: 
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Appendix C: Climate Change Content Knowledge Survey 

 
Name ___________________________________ Date ___________________ 
 
Test your knowledge of the global temperature change and its impact on Earth’s 
climate! 
 

1. The six hottest years on record occurred during the last: 
a. 100 years 
b. 50 years 
c. 10 years 

Comments/Notes: 
 
 
 
 

2. No place on Earth is colder today than it was 100 years ago. 
a. True 
b. False 

Comments/Notes: 
 
 
 
 

3. Which of the following gases do not trap heat? 
a. Carbon dioxide 
b. Nitrogen 
c. Water vapor 
d. Methane 

Comments/Notes: 
 
 
 
 

4. As global temperatures rise: 
a. Average precipitation increases 
b. Average precipitation decreases 
c. Average precipitation is unchanged 

Comments/Notes: 
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5. When have some of the strongest and earliest impacts of global warming 
occurred? 

a. In the tropics 
b. In northern latitudes 
c. Impacts of global warming are distributed equally all over the 

planet. 
Comments/Notes: 

 
 

6. Compared to other greenhouse gases, carbon dioxide is the most effective 
at trapping heat near the surface of the Earth. 

a. True 
b. False 

Comments/Notes: 
 
 
 

7. Some kinds of pollution in the atmosphere can act to cool the planet by 
reducing the amount of solar radiation that reaches Earth’s surface. 

a. True 
b. False 

Comments/Notes: 
 
 
 

8. Earth has been warmer in the past than it is today. 
a. True 
b. False 

Comments/Notes: 
 
 

9. The greenhouse effect could best be described as: 
c. Solar rays are trapped by the ozone layer, which heats up the Earth. 
d. Greenhouse gases create holes in the ozone layer, which let more 

solar heat reach the Earth, which heats up the Earth. 
e. Greenhouse gases, throughout the atmosphere slow down the 

escape of heat from the Earth, which heats up the Earth. 
f. Greenhouse gases form a thin layer at the outside of the 

atmosphere and trap heat inside, which heats up the Earth. 
g. Heat is trapped under a layer of atmospheric dust created by 

pollution. 
Comments/Notes: 
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10. The greenhouse effect causes skin cancer: 

h. True  
i. False 

Comments/Notes: 
 
 
 
 

11. If you took away the atmosphere’s natural greenhouse effect, and 
everything else stayed the same, Earth’s temperature would be: 

j. Warmer by 10 to 20ºF (6 to 11ºC) 
k. Warmer by 30 to 40ºF (17 to 22ºC)  
l. Cooler by 10 to 20ºF (6 to 11ºC)  
m. Cooler by 50 to 60ºF (28 to 33ºC)  

Comments/Notes: 
 
 
 
 

12. T/F:  The Ozone Layer has holes that let more solar heat get to the earth.     
 
True    False 

 
Comments/Notes: 

 
 
 

13. How do scientists collect evidence about climate? 
n. Using remote sensing from space with satellites 
o. By ground-based measurements of surface temperature, carbon 

dioxide concentration and sea level. 
p. By collecting “proxy data” from tree rings, ice cores and historic 

records 
q. All of the above 

Comments/Notes: 
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Appendix D: Farming Scenario Process Sheet 

 
Name _________________________________ Date _______________ 
 

Scenario One Thoughts 
 
Scenario: In southern Minnesota, a farmer is deciding whether or not to apply a 
synthetic agricultural pesticide to her field to eliminate the European corn borer 
(ECB) that has decreased crop yields in years past. She knows the pesticide will 
eliminate the ECB, but is worried about the impacts on the environment. She 
sends you a letter and asks that you make your best prediction, based on clearly 
explained reasoning, of the impact her decision to apply the pesticide will have 
nearby and at-large. She is happy to answer any questions you may have before 
you do your work. 
 
!  Come up with three questions or requests for specific information that would 
help you make an informed prediction about what impacts may come from the 
farmer’s decision to add the pesticide to her field. 
 
1.  
 
 
2.  
 
 
3.   
 
 
!  Brainstorm some important words or phrases you want to remember to include 
in your recommendation to the farmer below: 
 
Homework for Monday: 
 
1. Type up a 1-2 page letter that succinctly responds to the farmers inquiry, telling 
her your best prediction, based on clearly explained reasoning, of the impact her 
decision to apply the pesticide will have nearby and at-large. 
 
2. Sketch a concept map below that visually shows the reasoning and ideas behind 
your prediction for the farmer.  In other words, give the farmer a visual 
representation of your thoughts to go along with your written recommendation.  
Remember to 1) label all your connectors and nodes, and 2) “read” each 
connection in the direction of the arrow to make sure the sentence or phrase 
makes sense to you.  You will have a chance to put this into a digital format on 
Monday. 



   266 

Appendix E: Farming Scenario Maps 
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Appendix F:  Interview Protocol 

 
Interview Protocol 

 
Interview Goals: 

The interview questions will be driven by the following goals: 
1. To explore participant ideas in greater depth 
2. To provide an opportunity for verbal expression of participant ideas in 

case there are ideas that were not demonstrated in written data. 
3. To allow participants to evaluate and develop their own ideas further and 

potentially change them as they consider them again in a verbal context 
and in the temporal context of the class (before, during, and after the 
climate change unit). 

4. To allow the participant ideas to drive the interview. 
 
Explanation of Survey and Permission Gathering: 

The first interviews all began with the explanation below.  The researcher did 
not read the explanation, but went through all components in an effort to 
increase participant comfort in the setting. 

o “The purpose of doing this one-on-one interview is to learn more 
about the work that you have been doing around system 
thinking/global climate change.  I have all the work you have done 
so far here for us to look at while we talk and as we go through you 
can surely ask any questions if I am not making sense with my 
own questions.  Of course, you are not being graded in any way on 
this, and the interview is meant to help me understand your 
thoughts more because I am really interested in what students think 
about these topics.  Participating in the interview is totally 
voluntary, just like the study itself.  Do you have any questions or 
wish to not participate for any reason?” 

 
General Interview Protocol: 

If a student agrees to participate, the questions will stem from the work they 
have done in the study up to that point.  The researcher will also ask about 
things that happened during observation with that particular student.  The 
student will be able to report any new thoughts or learnings since the last 
interview.  While specific questions will draw from that future participant 
work, the following stimulus questions indicate the format of the interview 
questions.   

o “On your [name a phase one data product from participant], I see 
___________________Tell me more about this.” 
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o “Thinking back on [name a phase one data product from 
participant], is there anything you would change as you look at it 
now? Anything you would add, reword or take out?” 

o “In your work, it looks like you think __________ would occur.  
How long would that take do you think?” 

o “When you were writing your response/creating your map, where 
there any things you wanted to include but had trouble 
incorporating in your map or writing?” 

The participant will be thanked for participating in the interview. 
 

As interviews progressed, the specific questions used in the interviews varied 
depending on the participant responses to previous questions, the unique work of 
participants in phase one (surveys and scenario responses), the previous 
interviews, as well as the classroom observational data, all of which acted as 
conversational footholds. 


