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Abstract
As we approach the second quarter of the twenty-first century, one may predict
that the environment will be among the dominant themes in the political and educational
discourse. Over the past three decades, particular perspectives regarding the environment
have begun to emerge: (i) realization by human beings that we not only live on earth and
use its resources at an increasingly high rate but we also actually belong to the earth and
the total ecology of all living systems, (ii) there are strong interactions among different
components of the large and complex systems that make up our environment, and (iii) the
rising human population and its impact on the environment is a great concern (Hughes &
Mason, 2014). Studies have revealed that although the students do not have a deep
understanding of environmental issues and lack environmental awareness and attitudes
necessary for protecting the environment, they have great concern for the environment
(Chapman & Sharma, 2001; Fien, Yencken, & Sykes, 2002). However, addressing
environmental issues in the classroom and other disciplines has never been an easy job
for teachers (Pennock & Bardwell, 1994; Edelson, 2007).
Using multiple case studies, this study investigated how three purposefully
selected physics teachers teaching a ‘Physics by Inquiry’ course integrated environmental
topics and issues in their classroom. Particularly this study looked at what integration
models and practices the three physics teachers employed in integrating environmental
topics and issues in their classroom and what challenges the teachers faced while
integrating environmental topics in their classrooms. Data collection methods including
field notes taken from observations, teachers’ interviews and a collection of artifacts and
iv

documents were used. The data were coded analyzed and organized into codes and
categories guided by Fogarty (1991) models of curriculum integration and Ham and
Sewing (1988) four categories of barriers to environmental education. Findings of this
study indicate that teachers acknowledge the importance of teaching environmental issues
in their classrooms but continue to struggle with conceptual, educational, logistical and
attitudinal barriers to successful integration of environmental topics in physics.
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CHAPTER 1
Introduction
As we approach the second quarter of the twenty-first century, one may predict
that the environment will be among the dominant themes in the political and educational
discourse. Over the past three decades, particular perspectives regarding the environment
have begun to emerge. Mason and Hughes (2001) identified three such perspectives as:
(i) realization by human beings that we not only live on earth and use its resources at an
increasingly high rate but we also actually belong to the earth and the total ecology of all
living systems, (ii) there are strong interactions among different components of the large
and complex systems that make up our environment, and (iii) the rising human
population and its impact on the environment is a great concern. These perspectives
succinctly demonstrate that there is a need to take a great deal of interest in learning a lot
more about our environment, how we interact with it and how it interacts with us.
Studies of primary and secondary school children in India, the Philippines and
Australia have revealed that although the students did not have a deep understanding of
environmental issues and lacked environmental awareness and attitudes necessary for
protecting the environment, they had great concern for the environment (Chapman &
Sharma, 2001; Fien, Yencken, & Sykes, 2002). For decades, as environmental issues
such as global climate change and ozone depletion have been concerns of
environmentalists, much emphasis has been given to teaching these issues in
environmental education. However, addressing environmental issues in the classroom
1

and other disciplines has never been an easy job for teachers (Pennock & Bardwell,
1994). Although special attention and abilities are required for teaching value-laden and
complex environmental issues, there have been efforts to include environmental issues in
formal curriculums because there are many benefits of such teaching. For example,
investigating real-world environmental issues motivates learners by making learning
relevant, as well as helping students to practice and develop skills such as decision
making, critical thinking, and problem solving (Pennock & Bardwell, 1994).
Among the various subjects taught in secondary schools, science is often
perceived as one that can make a significant contribution to environmental education.
Some scholars have suggested that environmental education offers science education a
range of perspectives on knowledge and situated learning while at the same time
challenging current, orthodox thinking in the subject (Dillon & Scott, 2002). To
understand environmental issues and provide rational solutions to these issues, it is
necessary to appreciate and understand the science that governs our environment.
Mathematics, physics, chemistry, biology, earth and space sciences all play significant
roles in understanding our environment meaning that all scientific disciplines can and
should address environmental issues. This study specifically considers how high school
physics teachers integrate environmental issues into Physics by Inquiry courses.
Integration of environmental issues in physics will not only increase students’ interest in
physics (Pratt, 2006) but also provide them with skills they can use in resolving a range
of societal issues as citizens.
2

There is also growing interest in the idea of assessing 21st century competencies
such as flexible learning, ability to work with unstructured problems, communication,
and teamwork as indicators of achievement in Science, Technology, Engineering and
Mathematics (STEM) learning (National Research Council [NRC], 2012a). Incorporating
environmental issues in a physics class will help promote these competencies in a
fundamental way. Twenty-first century competencies are a blend of cognitive
competencies (critical thinking and innovation), interpersonal attributes (communication,
collaboration, and responsibility) and intrapersonal traits (flexibility, initiative, and
metacognition) that may support deeper learning and knowledge transfer (NRC, 2012). It
should be noted that environmental problems cannot be addressed comprehensively by
looking through the limited lens of only one of the traditional disciplines established in
academia (Dzelalija, 2005; Saundry, 2011). Furthermore, a coherent curriculum that
enacts environmental education can enhance student learning and preparedness for the
growing diversity in urban centers and the environmental crisis of the 21st century
(Blanchet-Cohen & Reilly, 2013). Therefore, teachers need to be better equipped to
embrace ethnic and linguistic diversity and promote environmental education in their
classrooms. Study of Earth Systems Science suggests that we also need to find
appropriate ways to integrate high-quality disciplinary work from several fields (Hughes
& Mason, 2014). It is for these reasons that this study will seek to investigate how
physics teachers can and do integrate environmental issues in a high school physics
course.
3

This study investigated how physics teachers teaching a ‘Physics by Inquiry’
course integrated environmental topics and issues in their classroom. Owing to the fact
that environmental issues are no longer only reserved for professional scientists and
policy makers, there is a need for students to gain basic environmental knowledge and
skills that can make them active citizens. To be constructive and involved citizens, it is
imperative to understand, at least at a basic level, the issues and science behind
environmental problems. The research questions that guided this study were:
1. How do physics teachers integrate environmental issues in a Physics by Inquiry
course? Specifically: (a) what integration models and practices do physics
teachers employ in integrating environmental topics and issues in their
instruction? and (b) how do these integration models influence their instruction?
2. What limitations or barriers do physics teachers perceive as hindrances to the
integration of environmental topics in their curriculum? Why may the physics
teachers not teach environmental issues as much as they would like to?

4

CHAPTER 2
Literature Review
In Chapter 1, an introduction and overview of this study was given. In Chapter 2,
a literature review is presented on topics relevant to this study. The literature review
begins by first looking at the need for environmental education in schools. Second, focus
is directed to the integration of physics and environmental education. Third, an overview
of curriculum integration is offered, with particular attention given to advocacy for
curriculum integration. Finally, details of the theoretical framework used in this study are
presented.

Need for Environmental Education in Schools
Our modern world is marked by two major concerns: the impact of globalization
and apprehension concerning the sustainability of the environment. In response to
progressively more pluralistic societies, schools are taking on an explicit role in preparing
future citizens for diverse societies (Hoosain & Salili, 2010; Knoester, 2012; Sleeter &
Soriano, 2012; Wee, Harbor, & Shepardson, 2006). Similarly, issues of environmental
instability and worldwide environmental degradation have resulted in a call for a greater
emphasis on environmental education (Sauvé, 2009b). The environmental challenges
confronting the world today require active participation by all citizens. There is an
increasingly urgent need to develop a culture of participation among young people who
in turn may become future leaders. Finding ways to engage youth as full participants and
5

leaders in environmental initiatives is critical to ensuring a more sustainable future
(Gwekwerere, 2014). A similar view is held by Warner, Langlois, and Dumond (2010):
“our communities will only reach their potential as vibrant and healthy places when
youth are welcomed as full participating members” (p. 95).
According to Warner et al. (2010), young people must be given the opportunity to
fully engage in social and justice issues confronting their communities, and adults need to
provide safe and supportive environments where young people can thrive and be creative.
An important tenet of social justice education is that students become “empowered” when
provided with opportunities to engage in learning that aims to rectify social injustices
(Chubbuck & Zembylas, 2008; Nieto & Bode, 2008; Upadhyay, 2010). Supportive
environments have been found to be instrumental in helping young people gain social
skills, build confidence and contribute to their communities (Lerner, Lerner, & Phelps,
2008). Young people’s involvement in activities and organizations offer them
possibilities to borrow examples, alternatives, values and norms from social practices
outside their own families (Jans, 2004). The goal of environmental education programs in
schools is to foster responsible environmental behavior and to provide students with the
opportunity to actively participate and work with adults to implement change (Salter,
Venville, & Longnecker, 2011).
In coming decades, governments and individuals will confront the reality that the
growing human population and its increasing demands for resources will stress the
Earth’s limited supplies of fossil fuels, freshwater, and arable land. Edelson (2007) gives
6

four reasons why environmental science should be a component of the curriculum for all
high school students; namely: 1) Environmental education topics provide students with
the opportunity to both apply the disciplinary science that they have learned previously to
understand their world and to extend their understanding of disciplinary science; 2)
Environmental education provides an opportunity for students to gain a more rounded
understanding of contemporary science because it has two features that are absent from
the current high school curriculum; 3) Environmental education is interdisciplinary and
presents science that is unresolved, even at the introductory level; and 4) The study of
environmental education provides students with the opportunity to see how fundamental
physical, chemical, geological, biological and social processes interact to shape the
environments that we inhabit.
Moreover, there is a positive correlation between environmental education and
student achievement. In the late 1990s, two studies conducted by the National
Environmental Education Training Foundation (NEETF) and Leidermann and Hoody
(1998), reported that environmental education can lead to increased knowledge and
understanding of science content, concepts, processes and principles as well as increased
problem solving and application skills. Furthermore, through linking of academic topics
to the local environment, students were able to make real-world connections, allowing the
material to be made more meaningful, tangible and relevant. This can result in higher
motivation, increased interest and decreased discipline problems (Battersby, 1999; Ernst
& Monroe, 2004; Glynn, 2000; Krynock & Robb, 1999).These gains in student
7

achievement and motivation are attributed to the nature of environmental education,
which utilizes discipline integration, problem solving and hands-on activities (Glynn,
2000)
In 1998, the National Environmental Education Advancement Program (NEEAP)
conducted a study to determine the status of environmental education at the state level.
Results of that study indicated that there is much room for expansion of environmental
education in the science curriculum. This expansion should be extended to individual
science disciplines and research should focus on innovative ways to integrate
environmental issues in science disciplines like physics.
Mounting concern over environment and development problems has meant
greater support for an educational approach that not only considers immediate
environmental improvement as an actual goal, but that also addresses educating for
sustainability in the long term. For instance, Iozzi (1989) asserted that environmental
education must be included in more than just science and social science programs – the
subject areas that most commonly address environmental issues in our nation’s schools.
Part of the goal of environmental education set forth in the Belgrade Charter “is to
develop a world population that is aware of and concerned about the environment and its
associated problems…” (United Nations Educational, Scientific and Cultural Education
[UNESCOUNEP], 1976). The Tbilisi Declaration also put forth goals of values, attitudes
and commitment (United Nations Educational, Scientific and Cultural Organization
[UNESCO], 1978). Since the 1970s we see that there has been mention of the need to
8

infuse environmental education in the school curriculum and still more effort has to be
dedicated towards this goal.
In order to have citizens who are able to able to make choices affecting our future
there is a need to continue educating students about the environment in our schools as
Mitchell (2013) notes: “Life is happening now; choices affecting the future are made
now” (p. 7). We will need to expose students to the knowledge that can help them make
choices while conscious of their future. Many scholars are of the view that environmental
education is a model for encouraging students to consider how their behavior affects
other people and conditions of the environment (Yambert, Dillon, & Donow, 1985). This
is also echoed by Kyle (1996), who reminds us that “education must be transformed
from the passive, technical, and apolitical orientation that is reflective of most students’
school-based experiences to an active, critical, and politicized life-long endeavor that
transcends the boundaries of classrooms and schools” ( p. 1). Furthermore, Lorson (1993)
submits that students should have an opportunity to be educated so that they can properly
respond to environmental problems that will arise in their lives, and to do so they need to
be taught problem-solving and decision-making strategies.
In recent years, environmental science has gained an increasingly prominent place
in the high school curriculum. Data gathered by Horizon Research, Inc. as part of the
National Survey in Mathematics and Science Education show that between 2000 and
2012 the percentage of high schools teaching environmental science increased from 39%
to 48% (Banilower et al., 2013). In fact, as of 2012, the number of schools offering
9

environmental science equaled the number offering Earth science (48%). With the
dramatic growth of environmental science as an elective in high schools over the last
decade, educators have the opportunity to realistically consider the possibility of
incorporating environmental science into the core high school curriculum. Environmental
science has several characteristics that make it a candidate for the core curriculum
(Edelson, 2007). According to Edelson (2007) environmental science is:


Important for students and society;



Representative of contemporary science;



An opportunity for students to experience an applied science;



A particularly engaging context for learning fundamental science (p.43).

In a position statement adopted by its Board of Directors in 2003, the National
Science Teachers Association summed up reasons to include environmental education in
schools as follows (National Science Teachers Association (NSTA), 2003):
NSTA strongly supports environmental education as a way to instill
environmental literacy in our nation’s pre-K-16 students. It should be a part of the
school curriculum because student knowledge of environmental concepts
establishes a foundation for their future understandings and actions as citizens.
Central to environmental literacy is the ability of students to master criticalthinking skills that will prepare them to evaluate issues and make informed
decisions regarding stewardship of the planet. The environment also offers a
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relevant context for the learning and integration of core content knowledge,
making it an essential component of a comprehensive science education program.
It should be noted that teachers play a key role in environmental literacy of future
generations (World Commission on Environmental Development, 1987; McKeown &
Hopkins, 2002) and they are influential in educating children and teenagers to be future
leaders in protecting the environment (Esa, 2010).Teachers are more likely to produce
students who are more environmentally literate if they are more knowledgeable, have
positive attitudes towards the environment, and show concern for environmental
problems (Tuncer , Tekkaya , Sungur , Cakiroglu , Ertepinar , & Kaplowitz, 2009). If
teachers lack proficiency in their environmental knowledge, skills and commitment, it is
unlikely they will be able to effectively lead environmental change in schools (National
Environmental Education Advocacy Council, 2005; Yavetz, Goldman, & Pe’er, 2014).
Research has shown that inadequate incorporation of environmental education within
Teacher Education programs is one of the obstacles to successful implementation of
environmental education in schools (Cutter & Smith, 2001; McKeown & Hopkins, 2002;
UNESCO, 1997; Yavetz et al., 2014). Some the obstacles to successful implementation
are presented in the next section.

Challenges and Barriers to Integration of Environmental Education in Schools
In spite of all these calls and arguments implementation of environmental
education in schools has been met with challenges and hindrances. Inadequate in-service
opportunities are a hurdle for infusing environmental education into classroom
11

curriculum (Adams, Biddle & Thomas, 1988; Childress, 1978; Pettus & Teates, 1983). It
is no surprise then, that many teachers express concerns about their competence to
conduct environmental education programs (Buethe & Smallwood, 1986; NEEAC, 1996;
Wade, 1996). In fact, insufficient teacher training has been cited to be the predominant
reason K-12 teachers are not teaching environmental education (Gabriel, 1996).
Parlo and Butler (2007) established that teachers’ perceived obligation to strictly
follow science standards, and an increased emphasis on preparation for standardized tests
was a hindrance to integration of environmental education in their curriculum. A
disconnect between environmental education and science subjects in a traditional school
setting is also another barrier to integration of environmental education (Parlo & Butler,
2007).
Ham and Sewing (1988) also identified four categories of barriers to
environmental education as:
1. Conceptual barriers: those that stem from a lack of consensus about the scope
and content of environmental education.
2. Logistical barriers: those stemming from a perceived lack of time, funding,
resources, suitable class size and so forth.
3. Educational barriers: those that stem from teachers’ misgivings about their
own competence to conduct environmental education programs.
4. Attitudinal barriers: those stemming from teachers’ attitudes about
environmental education and science instruction.
12

In view of the aforementioned reasons, in the next section, I elaborate on how
physics and environmental education can complement each other.

Integration of Physics and Environmental Education
Since the 1970s, physics instructors have turned to real-world examples in order
to motivate physics learners (Holton, 1970; Liao & Piel, 1970; Porter, 1972). In
particular, connections to ecological crisis (Singer, 1970; Cowan, 1972; Gerson, 1973;
Pratte, 2006) have been viewed as opportunities to not only make physics relevant, but to
motivate students by engaging them in investigating a problem that is impacting both
their day-to-day lives and their future. Today, interdisciplinarity is more the norm than
the exception in universities, and thus the notion of a physics course has broadened
somewhat (Moll & Kotlicki 2010). Despite this fact, the number of examples of
environmentally relevant physics curricula for science majors (Brown & Laws, 2003;
Pratte, 2006) in recent literature remains low.
People rarely associate physics with environmental issues. Traditional physics
courses spend a lot of time on topics like motion and forces before focusing on energy
with its vast environmental implications (Osowiecki, 2011). For example throughout
North America the curriculum of introductory physics courses is nearly standardized
(Moll & Kotlicki, 2010).
Introducing environmental issues in the physics curriculum can help students
understand the relevance of physics topics, such as energy and electricity (Osowiecki,
2011). Although traditional physics topics provide good basis to make one better
13

understand issues concerning the environment, on the other hand, they don't include
strong motivators to make students active citizens. As Osowiecki (2011) argues,
“although Isaac Newton’s laws of motion help students understand why objects move,
they aren’t prerequisites for active citizenship” (p.68). Integrating environmental issues in
physics not only promotes production of active citizens but also improves engagement
and interest in physics. For example, Pratte (2006) found out that incorporating
environmental modules in physics increased a third of his students’ desire to take another
science class while another quarter of the students expressed an increased interest to
teach science. Thus, there is a need to research effective ways through which physics
teachers integrate (or can integrate) environmental issues in their curriculum and what
challenges they face in the process of integration. The following example paints a picture
of benefits of incorporating environmental topics in physics.
In 2007, the instructional team at the University of British Columbia (UBC)
implemented some key curriculum and pedagogical changes in Physics 100, their
algebra-based introductory course for non-physics majors (Moll & Kotlicki, 2010). These
changes were aimed at improving their students’ attitudes toward physics and their ability
to apply physics concepts to useful real-life situations. In order to demonstrate that
physics is relevant to real life, a theme of energy and environment was incorporated into
the course. Changes to the course to make physics more relevant to students’ everyday
life experiences through connections to energy and the environment were incorporated
into most aspects of the course. For example, the concepts of conservation of energy were
14

explored using the context of home heating and the Earth’s energy balance. Kinematics
was taught in the context of transportation and associated energy consumption and fuel
efficiency, drawing connections to earlier ideas of energy and environmental impact.
Basic concepts in electricity such as voltage, current, and resistance were covered with
examples like home wiring, transmission lines, and electrical energy consumption (Moll
& Kotlicki, 2010).
Interviews following the course changes revealed that real-life connections to
physics concepts changed students’ attitudes compared to the previous year. In addition
to changing students’ attitudes toward physics, these attitudinal changes were also felt by
instructors too. The instructors reflected that the course changes created a more positive
learning atmosphere and that it was more enjoyable to teach. Student evaluations of the
course and personal feedback included many more positive comments than when the
course was taught in a traditional way.
The foregoing example gives a snapshot of an integrated physics-environmental
science curriculum and possible benefits in teaching and learning of physics. This notion
is supported by Edelson (2007) who contends that in a system where environmental
sciences were integrated fully into the curriculum, the sense of purpose for learning
science would become internalized and might carry over to other courses as well.
In the following section I will elaborate on models for curriculum integration.

15

Curriculum Integration
Integration generally refers to any putting together or relating of things, either
conceptually or organizationally (Coombs, 1991). The call for curricular integration is by
no means new; it dates as far back as Plato (Dressel, 1958) and has been advocated
especially by educators from the 1920s to the 1990s (Bonser, 1920; Alberty & May,
1987; Cook, 1994). During the progressive education era, several educators proposed that
curriculum integration was more than a separation or union of conceptual arrangements
with organizational ones. Rather, the educators considered it in terms of essential
questions of knowledge and meaning that were believed relevant and essential to the
learner. Smith (1935), for example, underscored the importance of recognizing the use of
subject-matter by the learner as the essence of integration. He explained that:
In order to be real, a learning situation must meet certain conditions: (1) it must
revolve around problems which are germane to youth; (2) it must be concerned
with vital and crucial aspects of the world in which youth is learning to live; and
(3) it must call for dynamic and creative behavior on the part of the learner. A
sound curriculum would thus consider a succession of natural and vital units of
experience, each centering around a real problem, each drawing upon subjectmatter as needed, irrespective of boundary lines, and each eventuating in growth
and capacity to live (Smith, 1935, p.270)
Hopkins (1937) also called for the use of integrated curricula as a means to foster unity
within the learning process and the learner. He noted that:
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Unity is not there to be found and grasped and cherished. Unity is rather a quality
of experience. It appears when thinking and feeling and acting bear a consonant
relation to each other; that is, when behavior is integrated.
Just like in the progressive era, curriculum integration has recently emerged as a
promising means to help students make sense of content (Next Generation Science
Standards [NGSS], 2013; National Research Council [NRC], 2012). The prominent
motives propelling this trend are the convictions that integration helps teachers to deal
with the inherent complexity of the world; to overcome rigid and accidental perceptions
of subject boundaries; to support the claim that most if not all knowledge is interrelated;
and, to promote greater curricular and pedagogical efficiency (Case, 1991).Thus, the reoccurring motives are practical and philosophical, structural and epistemological,
organizational and ontological (Martin-Kniep, Muxworthy & Soodak, 1995). Other
authors have advocated the use of curriculum integration as an efficient means to foster
relationships among different subject matters (Alleman & Brophy, 1993). Integration is
said to be essential in education because a child needs to live in the world motivated with
an inherent sense of relatedness (Martin-Kniep, Muxworthy & Soodak, 1995) and
because a learner must engage in a personal way with that which is taught for genuine
learning to take place (Stohlmann, Moore, & Roehrig, 2012).
Forms of Integration. The language of curriculum integration is confusing and
leads to uncertainty about its impact in schools (Kysilka, 1998). Advocates of curriculum
integration have outlined several forms in an attempt to foster understanding of it. Placing
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models on a curriculum continuum reveal that they range from traditional disciplinebased, objective driven, teacher-controlled models to interest-based, student explorationdriven models (Kysilka, 1998). Many authors have presented particular models of
curriculum integration in an attempt to explain the various stages of integration design
and how to ‘blend’ curricula.
Heidi Hayes Jacobs (1989) attempted to define curriculum options for an
integrated curriculum. She established five options as described below, from disciplinebased to complete program integration:
1.Parallel disciplines: The disciplines maintain themselves as separate entities;
however, teachers attempt to sequence topics so that related ideas are
taught concurrently within the same discipline.
2. Multidisciplinary: Related disciplines are brought together in a formal way for
analysis and study, e.g. humanities, fine arts and political history. This type of
integration supports the creation of a 'new' course to be created by finding
relationships between existing disciplines.
3. Interdisciplinary: Specific units or courses of study are constructed to bring
together all the disciplines within the school’s curriculum. Units of study are
designed around themes, ideas or issues which emerge from the regular
curriculum. The units are taught for a specified period of time (two weeks, a
month, a semester) as determined by the teachers. Specific blocks of time are set
aside in the daily or weekly schedule to accommodate the interdisciplinary units.
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However, the units do not supplant the existing disciplines; rather, they are
complementary to them.
4. Integrated day: A theme-based full-day program focuses on student interests
and needs. This model is frequently promoted as a viable alternative to curriculum
structure in early childhood programs.
5. Complete integration: Students determine their own curriculum drawing from
their life experiences, needs and interests. Independent study and learning
contracts are very much a part of such a curriculum. Students who function best
in this environment are self-motivated, independent, goal-oriented learners.
Jacobs concentrated her definitions of integration on what happens specifically
with respect to the disciplines. For instance, she expounds on expected outcomes if the
disciplines remain as separate entities, taught in regular time-frames, or have elastic
boundaries new time-frames created to accommodate learning. Her options are focused
on the organizational structure of the curriculum and are less concerned with how the
curriculum is taught.
Fogarty (1991) identified ten models of curriculum integration ranging from the
fragmented (traditional) disciplines approach to a completely networked approach to
curriculum planning:
1. Fragmented: A fragmented curriculum focuses on one content area at a time,
such as mathematics or science. Students are taught in different classrooms
and by different teachers.
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2. Connected: Ideas within each content area are related to each other and
connections are made between prior knowledge and knowledge yet to be
learned.
3. Nested: The emphasis is on learning skills and organizational skills needed
within each discipline in order to understand the content of the discipline
completely.
4.

Sequenced: Topics within a discipline are rearranged to coincide with those
of another discipline.

5. Shared: Disciplines are ‘partnered’ and units planned to focus on
‘overlapping ideas or concepts.'
6. Webbed: Themes form the base of the curriculum. Disciplines use the
themes to teach specific concepts, topics and ideas within the disciplines. The
disciplines remain intact and the content of the disciplines is not changed,
but the teachers make a special effort to address particular themes as they
individually work with students on the content to be learned.
7. Threaded: A 'meta-curriculum' is designed around specific thinking, social
or study skills and the content becomes the vehicle for these skills to be
learned. At the same time, the classroom teacher infuses subject matters with
ideas about how one learns (multiple intelligences) and aids to learning
(technology) which can help the students develop their metacognitive skills;
i.e., they learn more about how they learn.
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8. Integrated: Teams of teachers work together in all disciplines to find
overlapping concepts and ideas around which they can plan units of study and
implement those units in common teaching time.
9. Immersed: A student becomes immersed in a field of study and filters
information from content areas through his or her own lens. Integration
becomes the responsibility of the student. The learner is in control of the
knowledge learned, the strategies used and the sharing of that knowledge with
other students.
10. Networked: Integration requires learners to reorganize relationships of
ideas within and between the separate disciplines as well as ideas and
learning strategies within and between learners. At this level of integration,
the learners should be pro-active in the learning process and initiate their own
searches for information, skills and concepts, relying on experts and other
learners as resources for their own learning. The degree to which this model
can be used is really dependent upon the individual learner and his or her
teacher.
Fogarty's models are more focused on the how rather than the organizational structure of
the curriculum.
Case (1991) classified integrated curriculum into the following three categories.
These categories embrace the variety of ways the teachers studied went about reorganizing and re-conceptualizing what they did in the classroom:
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(1) Interdisciplinary curriculum
a. within a classroom (e.g., a social studies teacher using art or literature to
better understand a cultural region), illustrating what Fogarty calls nested
or connected curriculum, and what Case calls insertion.
b. across different classes (e.g., a physics teacher and chemistry teacher
using theme-based curriculum in their classes, blurring the distinction
between the two subject areas) illustrating what Fogarty calls shared and
integrated curriculum, and what Case calls fusion.
(2) Integration around skills (e.g., writing across the curriculum, critical thinking
across the curriculum). This form of integration is also referred to as threaded
curriculum, or as the integration of skills and processes.
(3) Integration between the student's experiences, internal life or affect and the
school's curricula. Fogarty refers to this form of integration as immersed
curriculum, whereas Case identifies it as the integration between self and school.
Drake (1993) uses the terms multidisciplinary, interdisciplinary and
transdisciplinary to describe frameworks for planning integrated curriculum. In her
schema, multidisciplinary means, that the same topic or theme is addressed by each of the
separate disciplines; thus retaining the integrity of each discipline. Interdisciplinary, on
the other hand, is defined as identifying specific skills, processes or ideas which are
common to all disciplines and addressing those through the disciplines. Most of Drake's
suggestions focus on learning how to learn as the organizing factor for this approach to
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curriculum planning. In transdisciplinary models, the focus of curriculum planning is a
'life-centered approach'. Knowledge is examined as it exists in the real world. The
content to be learned is determined by the theme and the expressed interests and needs of
the students, rather than predetermined by some curriculum framework or set of
curriculum objectives.
In addition to the definitions presented by Jacobs, Fogarty, Case and Drake, other
terminology is used to describe curriculum integration. Correlation, fusion and core are
used by Vars (1987), while Stevenson and Carr (1993) prefer to use the term
integrated studies, and Maurer (1994) defines interdisciplinary curriculum as co-related
(re-sequencing content from different disciplines to 'match'), multidisciplinary
(creation of a new course which blends content from different disciplines),
interdisciplinary (organizing content around broad themes) and integrated day (an
extensive restructuring of the curriculum).
The Need for Curriculum Integration. Kysilka (1998) asserted that for the
curriculum to become more meaningful to learners, they need to see a connection
between what they are learning in school and what information, skills and knowledge
they can use in real life situations. Since in real life, content is not segregated into its
respective pieces, 'integrationists' contend that the way in which students should learn
content in school is not in segregated, unrelated bits and pieces, but as a whole body of
related information which can then be utilized appropriately in daily life activities.
Thus integrationists examine ways to bring meaning to the curriculum by rethinking
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how the curriculum can be planned, organized or restructured to provide these
opportunities for meaningful learning.
Overall, the goal of curriculum integration derives from awareness that, in the real
world, problems are not separated into isolated disciplines (Beane, 1995; Czerniak,
Weber, Sandmann, & Ahern, 1999; Jacobs, 1989). Curriculum integration is an approach,
or teaching strategy, that purposefully gathers knowledge, skills, and values from
different subject areas to teach a concept in a more meaningful way (Beane, 1995).
Integration as a curriculum design recommends that teachers organize curriculum around
problems and issues that are of personal and social significance in the real world (Wang,
2012). Simply, curriculum integration involves real-world applications to develop the
process of real world problem solving. Stevenson and Can (1993) reported increased
student interest and achievement in integrated instruction, as did Greene (1991). Greene
also reported increased student interest and achievement scores on the National
Assessment of Educational Progress (NAEP) for students in California who participated
in year-long thematic units. Similarly, Vars (1991) reported that interdisciplinary
programs produced higher standardized achievement scores than did separate subject area
courses.
Beane (1996) defined curriculum integration as having four characteristics: (a)
curriculum that is organized around problems and issues that are of personal and social
significance in the real world, (b) use of pertinent knowledge in the context of topic
without regard for subject lines, (c) knowledge that is used to study a current problem
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rather than for a test or grade level outcome, and (d) emphasis placed on projects and
activities with real application of knowledge and problem solving. From these principles,
one can argue that integration of environmental issues in physics not only will address
issues that are personal to students but also provide them with knowledge that can lead to
understanding of current problems in the real world. Beane (1996) also suggested that
curriculum integration begins with "problems, issues and concerns posed by life itself”
(p. 616). Integration of environmental issues in physics can provide fertile ground to
integrate problems and issues posed by life, such as increasing carbon dioxide levels in
the atmosphere.
Almost every current national reform effort stresses the need to integrate or make
connections among various facets of the curriculum (National Council of Teachers of
English [NCTE], 1996; National Council of Teachers of Mathematics [NCTM], 1989;
National Council for the Social Studies [NCSS], 1994; Next Generation Science
Standards [NGSS], 2013). NGSS, for example, includes standards that explore the
influence of engineering, technology and science on society and the natural world
whereby students will acknowledge that all human activity draws on natural resources
and has both short and long-term consequences, positive as well as negative, for the
health of people and the natural environment.
Recently, both the Common Core State Standards for Mathematics (CCSSM) and
the Next Generation Science Standards (NGSS) have called for more and deeper
connections among the Science, Technology, and Engineering and Math (STEM)
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subjects. The NGSS explicitly includes practices and core disciplinary ideas from
engineering alongside those for science, raising the expectation that science teachers will
be expected to teach science in an integrated fashion (NRC, 2012). Despite the rise in
interest in providing students with learning experiences that foster connection-making
across the science disciplines, there is little research on how best to do so or on what
factors make integration more likely to increase student learning, interest, retention,
achievement or other valued outcomes(NRC, 2012). Also Bybee (2010) supports model
instructional units that are based on contemporary issues in the contextual categories, as
“a positive and constructive response to classroom teacher’s request to instructional
materials that are easy to use” p.33. More work is needed to reveal better integration
models or clarify what factors affect integration that lead to visible effects in student
learning, interest, retention and achievement. Next I will discuss the analytical framework
used in this study.

Analytical Framework
Fogarty’s ten models of integrating curriculum (Fogarty, 1991) and four
categories of barriers to environmental education (Ham & Sewing, 1988) will be used as
a framework to guide this study. Fogarty (1991) categorized a continuum of integration
using ten models: the fragmented, connected, nested, sequenced, shared, webbed,
threaded, integrated, immersed and networked models. The models are further
categorized into those that integrate curriculum within a single discipline (the
fragmented, connected and nested models);those that integrate curriculum across
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disciplines (the sequenced, shared, webbed, threaded and integrated models) and then
those that integrate curriculum within and across learners (the immersed and networked
models) see Figure 2.1.
Within a single

Across

Within and

discipline

disciplines

across learners

Fragmented

Connected

Nested

Sequenced

Shared

Webbed

Threaded

Integrated

Immersed

Networked

Figure2. 1: Fogarty’s ten models of curriculum integration
The fragmented model focuses on one content area at a time, such as mathematics
or science. Students are taught in different classrooms and by different teachers. The
connected model makes explicit connections with each subject area being taught and
connects one topic or one skill or further connects the previous week’s or semester’s
work to the next. The idea of the connected model is that teachers should make the
connections among topics rather than assume that students automatically understand
them. For example, in a connected approach, a physics teacher relates the concepts of
generation and distribution of energy when teaching the factors that affect the
conductance of a material. The nested model emphasizes integrating multiple skills, such
as a thinking skill, a social skill, and a mathematics skill, that take place in each subject
area. In the fragmented, connected and nested models, as Fogarty suggested, the
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integration happens within single disciplines. However, the key to distinguishing these
three models depends on how many concepts or skills are to be included and how a
teacher deliberately wants to integrate them. In the sequenced model, the topic is
purposefully arranged to coincide with one another. Although the topics may be taught
separately, they are rearranged and sequenced strategically to provide a broad view that
relates concepts. For example, a lesson on energy in physics could be followed by a unit
on renewable energy sources in environmental education to build on the energy
knowledge and tie the content knowledge together.
The shared model brings two disciplines into one focus. This model also focuses
on concepts and skills development. For example, a science teacher and a mathematics
teacher may teach content and skills by using data collection and graphing as shared
concepts that overlap in both science and mathematics. The webbed model attempts to
use a theme to web different disciplines together. A similar conceptual theme is used to
provide a common ground for cross-discipline units. For example, the theme of pollution
can lead to the study of energy sources in science, reading and writing about energy use
in the language arts, energy consumption and cost in economics and industrial revolution
in history. As for the threaded model, Fogarty suggested that the threaded model
supersedes all subject matter content to focus on different skills, such as thinking skills,
study skills, technology skills, mathematics skills, and so on that need to be learned. Like
the shared model, the integrated model emphasizes overlapping concepts and skills in
different disciplines. Unlike the shared model where only two disciplines are into focus,
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the integrated model blends four major disciplines; i.e., math, science, language arts and
social studies. Therefore, the number of disciplines that are integrated determines if a
model should be categorized as shared or integrated.
Fogarty‘s last two models, the immersed and networked models, suggest that
learners play a critical role in integration. These two models suggest that only the learners
themselves can direct the integration process, because the integration process is highly
associated with learners’ interests, expertise, and experiences. For example, Fogarty
suggested a student who is in love with butterflies may conduct an experiment to
understand how temperature has influenced the life cycle of a butterfly. The student‘s
internal integration of knowledge and information, such as combining biology and
technology, is based on personal interests and needs.
Looking at the curriculum integration models alone is not sufficient to reveal the
full perspectives of teachers and their challenges and barriers in integration of
environmental issues in physics class. Therefore, a second theoretical framework will be
utilized in this study. This framework utilizes propositions by Ham and Sewing (1988)
wherein they identified four categories of barriers to environmental education as:
1. Conceptual barriers: those that stem from a lack of consensus about the scope
and content of environmental education.
2. Logistical barriers: those stemming from a perceived lack of time, funding,
resources, suitable class size and so forth.
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3. Educational barriers: those that stem from teachers’ misgivings about their
own competence to conduct environmental education programs.
4. Attitudinal barriers: those stemming from teachers’ attitudes about
environmental education and science instruction.
These four categories will form the basis that this study will utilize to deductively filter
the challenges and barriers that the physics teachers will report in this study at the same
time looking at the integration models that teachers attempt to use and challenges they
encounter.
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CHAPTER 3
Research Design and Methods
Chapter 2 presented a literature review on the rationale for the integration of
environmental education in to science classrooms, with a focus on physics. This chapter
provides detailed information about the research design, methodology and overall
methods used to answer the research questions:
1. How do Physics teachers integrate environmental issues in Physics by Inquiry
course? Specifically; a) what integration models and practices do physics teachers
employ in integrating environmental topics/issues in their instruction? b) how do
these integration models influence their instruction?
2. What limitations or barriers do physics teachers perceive to hinder the
integration of environmental topics in their curriculum? Why may the Physics
teachers not teach the environmental issues as much as they would like to?
Chapter 3 is divided into three sections. The first section provides a description of
the context in which these teachers are expected to operate. The second section explains
why case study is the most suitable methodology for this study and also provides detailed
information about 1) participants and school settings, 2) data collection, and 3) data
analysis. Finally, the last section in this chapter discusses the limitations of the study.

Research Context
This study investigated high school teachers integrating environmental topics into
a College in the Schools Physics by Inquiry course. Physics by Inquiry is a college level
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course taught in high schools through a concurrent enrollment program called the college
in the schools (CIS). CIS is a nationally accredited program that brings a faculty member
from a large Midwestern university together with high school teachers to offer university
courses in high schools. The main goals of Physics by Inquiry course are to help students:
(1) create their own understanding of some fundamental concepts in physics by working
in a way similar to scientists; (2) use those physics concepts to understand environmental
issues and develop solutions to environmental problems; and (3) develop skills for
scientific argumentation, i.e., justifying a claim with evidence. Students learn science
through working in small groups to perform experiments, creating and refining
explanatory models to explain the physics in these experiments, and discussing their
results with peers to develop consensus models. This process of making observations of
experiments, developing models, and discussing the results with peers is the essence of
what scientists do as also well depicted in the Next Generation Science Standards
(NGSS; NGSS Lead States, 2013). Interwoven with the laboratory experience are minilectures and other in-class activities in which students connect the physics they are
learning to understanding and solving problems related to environmental issues.
College in the Schools teachers are approved by the university’s academic
department from which the course is offered. CIS teachers are typically lifelong learners,
committed to staying current with both pedagogy and content through reading and
ongoing professional development. High school physics teachers allowed to teach this
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course in their home school must meet the following criteria as set by the college in the
schools program:


Bachelor's degree in physics or the equivalent



Minimum of three years of high school teaching experience in physics



Experience teaching a high school physics course with a significant laboratory
portion



Evidence of intellectual curiosity and continued interest in learning physics; for
example 1) taking advanced course work in physics; 2) participating in disciplinespecific professional development opportunities; 3) organizing or participating in
science competitions; 4) participating in a research experience for teachers.

Instruction Materials and University Instructor’s Role
The Physics by Inquiry is an Entry Point Project (EPP) course that targets
promising students who are: in the top 50th – 80th percentile of their high school class,
multilingual/ELL, members of racial or ethnic minorities ,first generation college-bound
students and/or from families of low to moderate income. The course primarily is an
inquiry based program where students perform mathematical analyses in the description
and elucidation of natural phenomena by calculating quantities such as the sizes of
images and shadows formed by light, the current through the elements of an electric
circuit, or the date and time a photograph was taken based on shadows in the picture. The
goals of this course are to help students: (1) create their own understanding of some
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fundamental concepts in physics by working in a way similar to scientists, (2) use those
physics concepts to understand environmental issues and develop solutions to
environmental problems, and (3) develop skills for scientific argumentation, i.e.,
justifying a claim with evidence. Students learn science through working in small groups
to perform experiments, creating and refining explanatory models for how things work,
and discussing their results with peers to develop consensus models.
The learning of physics concepts is also motivated by environmental issues and
problems. Students are expected to demonstrate an understanding of the relationship
between the sustainability of solutions to environmental problems and the ethics and
values of society through studying the policies and politics around the issues. Emphasis is
placed on students knowing the evidence justifying their science knowledge, being able
to apply that knowledge to novel situations, particularly those involving the natural
environment, and being able to explain their reasoning. Additionally this course provides
students with practice in applying scientific practices, collecting and analyzing data from
observations of the natural world, then using that data to formulate models of physical
phenomena, then testing and refining those models empirically using experiments or
further observation(NGSS; NGSS Lead States, 2013). Finally, students learn the goals of
the field of physics and how physics fits in with other disciplines. Students also learn
about aspects of physics that will be applicable to their future studies, their careers
(science or non-science), and being engaged citizens, such as using evidence to justify a
claim.
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The specific environmental themes were determined by the university’s lead
instructor and materials given to the teachers were also given by the university lead
instructor. There are four broad environmental topics, each associated with a physics unit:
1) Energy generation: How is electricity generated? In what way do these
processes affect the environment? How can these impacts be minimized?
What are the policies surrounding the production and distribution of energy?
Energy generation is associated with Electric Circuits unit.
2) Light pollution: What is light pollution and how does it impact the
environment? What are the effects of light pollution on individual animals and
on ecosystems? What are emerging technological solutions? Light pollution is
associated with Light and Optics unit.
3) Solar energy: How do we get usable energy from the sun? What are the
practical and technological limits of solar energy? What are the advantages
and disadvantages of solar energy compared to other energy sources? How
does policy support the adoption or non-adoption of solar energy? Solar
energy is associated with Light and Color physics unit.
4) Climate change and scientific proof: What constitutes scientific proof? What
are the indicators and evidence behind claims of global climate change? How
are standards of scientific proof applied in investigations of incidents of
harmful pollution? In what ways is public policy around climate change and
pollution consistent or not consistent with standards of scientific proof?
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Climate change and scientific proof is associated with Astronomy by Sight
physics unit.
Table 3.1 below summarizes the physics topics, environmental themes and key
environmental questions investigated in the Physics by Inquiry course.
Table 3. 1
Environmental themes, key environmental questions and physics topics taught together
Physics Topics

Environmental Themes

Electric Circuits

Energy generation

Light and Optics

Light Pollution

Light and Color

Solar Energy

How do we get usable energy
from the sun?
What are the practical and
technological limits of solar
energy?
What are the advantages and
disadvantages of solar energy
compared to other energy
sources?
How does policy support the
adoption or non-adoption of
solar energy?

Astronomy by Sight

Climate Change and Scientific
proof

What constitutes scientific
proof?
What are the indicators and
evidence behind claims of
global climate change?
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Key Environmental questions
explored
How is electricity generated?
In what way do these processes
affect the environment?
How can these impacts be
minimized?
What are the policies
surrounding the production and
distribution of energy?
What is light pollution and how
does it impact the environment?
What are the effects of light
pollution on individual animals
and on ecosystems?
What are emerging
technological solutions?

How are standards of scientific
proof applied in investigations
of incidents of harmful
pollution?
In what ways is public policy
around climate change and
pollution consistent or not
consistent with standards of
scientific proof?

Prior to providing these materials to the teachers, the university instructor offered
a summer professional development workshop for the teachers. Two more follow up
workshops were offered to the teachers; one in the fall semester and the other in the
spring semester. Also the university lead instructor conducted class observations with the
teachers teaching this course in their classrooms.
In the workshops the university lead instructor modeled how he taught
environmental topics in his class at the university and shared student work samples from
his class and how he graded them for the teachers. He also shared his experience
integrating environmental topics and shared some of his students’ work samples.
Participating teachers, including the research participants of this study, were allowed to
share what they were doing in their own classrooms and also how they integrated the
environmental topics while teaching physics. The teachers in the workshop also shared
some of the challenges they faced. For example motivating students to stay on task in
inquiry-based student centered physics was a challenge for the teachers. The university
instructor also provided his syllabus and a tentative schedule (see appendix K) that he
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followed in teaching the physics lessons and environmental topics. The tentative schedule
that was shared by the university instructor is shown in Table 3.2:
Table 3. 2
A schedule showing topics and activities that the university lead instructor taught in physics
topics and environmental topics.
Unit 1 Electric Circuits / Energy Generation and its Environmental Impact
Week 1
Mini-lecture (ML): Motivating question: How is energy generated and what is the impact on the
environment? How can these impacts be minimized?
Lab: Electric Circuits (EC) 1
Journal #1
Week 2
ML 1: Basics: What is electricity? What are the physics concepts of current? voltage? power?
energy?
ML 2: Electricity generation: What are the different methods by which electricity is generated?
Lab: EC 1 and 2
Journal #2
Week 3
ML 1: America’s energy profile: How much electricity is generated by each of the different
methods? How is the electricity used?
Lab: EC 3
Journal #3
Week 4
ML 1: Environmental impact: What are the environmental impacts of energy generation? How
much and what types of pollution result from the generation of electricity?
ML 2: Energy efficiency: What are the largest sources of energy use? How can energy use be
reduced most efficiently?
Lab: EC 4
Journal #4
Week 5
ML 1: Policy: What does America’s energy policy look like? How is it used to
encourage/discourage different methods of energy production or conservation? How has it
impacted the environment?
Lab: EC 4
Journal #5

Unit 2 Light and Color (LC) / Light Pollution and Solar energy
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Week 6
ML 1: Motivating question: What is light pollution and why should we care?
ML 2: Health effects: What effects does light pollution have on individual animals and
humans?
Lab: Light and Color (LC) 1 and 2
Journal #6, Mini-paper 1
Week 7
ML 1: Ecosystems: What effects does light pollution have on ecosystems?
ML 2: Future prospects: What are the prospects for technological solutions to light pollution?
What are the policies surrounding light pollution?
Lab: LC 2 and 3
Journal #7
Week 8
ML 1: Motivating question: How does solar energy work and what are its prospects for
becoming a significant source of energy? How do we get electricity from thermal solar
energy?
Lab: LC 4 and 5
Journal #8
Week 9
ML 1: Photovoltaics: How do we get electricity from photovoltaic solar cells? What are the
environmental impacts of solar energy?
ML 2: Public policy: What are the policies relevant to solar energy? How have they evolved and
spurred development in solar technology?
Lab: LC 6
Week 10
ML1: Solar cell technology: How has the technology for generating electricity from solar cells
advanced? What are the prospects for the future?
Lab: LC 7
_____________________________________________________________________________
_
Unit 3: Astronomy by Sight / Evidence in global climate change and pollution studies
Week 11
ML 1: Motivating question: How is evidence used in investigations related to the environment,
in particular in determinations of global warming/climate change and toxicity of pollutants?
ML 2: Scientific “proof”: What does it mean to “prove” something in science?
Lab: Astronomy by Sight (AbS) 1
_____________________________________________________________________________
_
Week 12
ML 1: Earth’s history: How is evidence used to determine environmental conditions in Earth’s
distant past?
ML 2: Climate change: On what evidence do scientists rely when studying global climate
change?
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Lab: AbS 2 and 3
_____________________________________________________________________________
_
Week 13
ML1: Risk assessment: How is evidence used to determine whether a substance has an adverse
affect on the environment?
Lab: AbS 4 and 5
_____________________________________________________________________________
_
Week 14
ML 1: Shifting paradigms: How has the development of environmental science affected the
paradigms under which science is performed?
ML 2: Standards of proof: How has the development of environmental science affected
scientific standards of “proof” and environmental policy?
Lab: AbS 5 and 6
________________________________________________________________________
Week 15
AbS 7 and 8
ML 1: Future of environmentalism: How has the public perception of environmentalism evolved
and what are its prospects in the future?

The university instructor recommended a text book-Physics by Inquiry
(McDermott, 1995) that the teachers used as a lab manual for physics experiments. Also
the teachers were provided with a list of equipment they needed and the instructor’s guide
that gave answers/solutions to the experiments from the lab manual. The university
instructor prepared Power Point slides on environmental topics and shared them with the
teachers so they could use them in their classrooms, including all the materials he used
for environmental topics. An example of these PowerPoints can be found on appendix G.
The university instructor also provided online reading materials for students and two
reading books: Energy for Future Presidents (Muller, 2012) and Uncertain Hazards:
Environmental Activists and Scientific Proof (Tesh, 2000) to be used as reading
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resources for high school students. Besides receiving materials developed by the
university instructor, the teachers had flexibility in tailoring these materials to meet their
students’ needs and enriching the materials with more content and activities in the
Physics by Inquiry course. Despite the flexibility in materials and activities, the teachers
were required to integrate environmental science topics while teaching physics topics
from the book, Physics by Inquiry.

Methodology
A multiple case study approach was utilized in this study to determine how
physics teachers integrated environmental issues in their curriculum. Yin (2003) defines
case studies as a qualitative research method where: “a ‘how’ or ‘why’ or ‘what’ question
is being asked about a contemporary set of events, over which the investigator has little
or no control” (p. 9). Case study is a distinctive qualitative methodology by its required
characteristic; a bounded case. A bounded case can be any individual, group of
individuals, classroom, school, or community that “provides a unique example of real
people in real situations, enabling readers to understand ideas more clearly than simply
by presenting them with abstract theories or principles” (Cohen, Manion, & Morrison,
2000, p. 181). In this study each individual case represents a single physics teacher
teaching the Physics by Inquiry course. The case study methodology was employed
because it allowed for detailed understanding of the integration of environmental topics
within the context of three physics classrooms. This study aimed to provide a holistic
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picture of individual teachers integrating environmental topics into their Physics by
Inquiry class.

Participants
Three physics teachers were selected for this study through purposeful sampling
technique to form information rich cases (Patton, 2002). The three teachers were
contacted and indicated their willingness to participate in this study. Among the three
teachers two were male and one female, their teaching experience ranged from 15 years
to 18 years with an average of 16.7 years and they all met the criteria set to teach Physics
by Inquiry course. The selection of my participants was based on their willingness to
participate, the physics topics they were teaching and integration of environmental
impacts in these topics. A non-interventionist approach was preferred since the research
aimed to focus on current practice rather than on a limiting view of ‘ideal’ practice;
therefore it was necessary to find classrooms where environmental issues were already
being taught. Later on, in Chapter 4 I will describe each participant and the school where
they taught in detail. Table 3.3 below gives a summary of the participants.
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Table 3. 3
Summary of Participants’ Background and School Setting
Participant

School
location

Type of
school

School
population

Students
of color

Teaching
experience

Educational
background

Class
observed

Allison

Suburban

Public
high
school
grades
9-12

1,144

65%

17 years

B.S in Physics,
Masters in
Environmental
Engineering,
M.Ed Science
Education, PhD
in Science
Education

College in
the school
Physics by
Inquiry

John

Inner-city
urban

Public
high
school
grades
9-12

1,754

59%

15 years

B.S Ecology and
evolution
behavior, M.Ed.
in Science
Education

College in
the school
Physics by
Inquiry

Paul

Suburban

Public
charter
high
school
grades
9-12

442

33%

18 years

B.S Physical
Science, M.Ed.
Physics
Education

College in
the school
Physics by
Inquiry

Protection of human subjects.
IRB approval was obtained for this study. Informed consent was obtained in
writing from all participants and from the school administration where the teacher was
employed. All participants were informed of the risks and benefits of this study and had
the option of choosing, at any time, to leave the study. Data were kept in a secure
location: a locked file cabinet or on a computer that was password protected. The only
people with access to the data were the researcher and his advisors.
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Data Collection
The data collected for this study were intended to provide a rich description of
three different cases where environmental topics were being integrated into the Physics
by Inquiry course. Classroom observations, semi structured interviews and curriculum
documents and materials were the major sources of data in this research. The three cases
were studied over a period of two semesters that involved observing a series of lessons in
which they integrated environmental topics and conducting semi structured interviews
within each case to gain a deeper understanding of the relationship between teachers’
perceptions and experiences.
Three observations were carried out for each teacher. The decision on which
lessons to observe was made on agreement with the teachers on which days they were
doing the environmental topics and they could like to be observed. During observations
field notes were taken and the lessons were audio recorded using a lapel microphone
worn by the teacher. This helped in capturing and clarifying some information that might
have been missed in the field notes. In addition, the classroom observations in this study
served another purpose, that of providing supplementary data on the teaching strategies
selected by the teacher, and the teachers’ or students’ contributions to classroom
discussions. This was in subscription to Menzel’s call for an outside observer’s account
of a social episode, alongside the explanations that participants themselves give (Menzel,
1978), to provide a deeper understanding of the situation. Curriculum documents such as
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lesson plans, class activities, worksheets and PowerPoint presentations were also
collected to serve as a basis of discussion in interviews.
The semi structured interviews were audio recorded too following the last
observation; one interview was conducted by each teacher as shown in figure 3.1. The
semi structured interview that took about 40 minutes each prompted the teachers to
discuss self-reported experiences on role of integrating environmental topics in physics,
also the interview prompted them to draw on the challenges they faced while integrating
environmental issues in their class. The interview further sought to find out from the
teachers what their experience was in integration and if there was any impact in students’
approach in learning of physics and their perspective on the environment. Table 3.4
below gives the interview that the teachers were asked.
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Table 3. 4
Interview Questions Design
Questions

1. Could you briefly describe yourself and your teaching experience?
2. What are some of the ways that you generally motivate your students in physics?
Give me some specific examples.
3. What was your experience like in the last year teaching Physics by Inquiry with
environmental topics?
4. What roles do you believe environmental issues have in teaching physics?
5. How did you pick your environmental integration topic?
6. Talk about your experience in integrating environmental topics in physics.
a. Have you had this kind of experience before and how did you approach it
in your class?
b. What may be some of the examples of environmental topics that you
integrated in physics?
c. How did your approach to integrating environment topics in physics
differed or was similar to the one you are doing now?
7. Going forward how will your physics class look like when you integrate other
topics in physics?
8. What are your learning goals for students?
a. In what ways do you believe this course has influenced students about
physics and environmental issues/science?
b. Do you think students will change their behavior and attitude (about why
physics is important/ why they need to learn physics?) as a result of taking
this course?
9. Do you find environmental issues useful in teaching other classes and how do you
go about using this issue in your teaching?
10. What are some of the challenges integrating environmental issues did you
experience?
a. What would be some of the examples that show how you navigated these
challenges?
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The classroom observations were used to provide a background of experiences
that enabled specific incidents within lessons to be discussed with the teachers during
interviews. This constrained respondents to ‘concentrate on real and shared events rather
than imagined reconstructions’ and provides ‘means for a limited check on the teachers’
accounts of what had happened’ (Brown & McIntyre, 1993, p. 36).

Data analysis
Once all of the data were collected, they were prepared for the analysis process.
All of the audio-recorded interviews were transcribed. All of the observations were
collected and organized into case files. The curricula documents were scanned and stored
electronically in the same folder with others that the teachers submitted electronically.
When these processes were complete, data analysis commenced.
In this multiple case study design, a deductive approach was used to analyze the
data and then a cross-case analysis was conducted (Miles & Huberman, 1994). This
process is used to create meanings from complex data through emerging categories and
themes and to complete cross-case analysis (Miles & Huberman, 1994). To establish
which among the ten models of curriculum integration (Fogarty, 1991) teachers used in
the integration of environmental issues and physics, I made a coding scheme based on the
ten ways of curriculum integration from Fogarty (1991): fragmented, connected, nested,
sequenced, shared, webbed, threaded, integrated, immersed, and networked models, these
formed my categories (sub codes). In this analysis, Fogarty’s model of curriculum
integration was used at the classroom lesson level. The integration models were
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evaluated/ categorized based on my lesson observations and teachers’ responses to my
interview questions about content integration at the lesson level. In my analysis, I coded
any utterances, instances, and student engagements during teaching as falling into one of
Fogarty’s integration models as listed above. The integration of lesson contents and ideas
were observed during the lessons and later on these integration actions were verified
during the interview periods. Therefore I alert the readers to take into account that my
data analysis and coding is based on Fogarty’s curriculum integration model at the
particular classroom lesson level not at the unit or curricular level. Further refinement in
my coding, based on the lesson level integration, resulted into main categories which
formed codes and the set criteria as shown in table 3.4 below that I developed from
Fogarty’s models. I compared my data to cluster similar categories of data with the
coding scheme to come up with main themes which are the same as codes. There were
three codes: 1) WSD-within single discipline 2) AD- across disciplines 3) WAL- within
and across learners. In WSD I included fragmented, connected and nested; in AD I
included shared model while in WAL I included immersed and networked models.
Interviews and observation notes were read and tagged with codes separately for
individual cases then comparisons were done among the three teachers to establish
similarities and differences among their responses in relation to the four categories of
barriers to environmental education (Ham & Sewing, 1988) and the models of integration
that they used.
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Table 3.4
Coding scheme and criteria for data analysis
Code*
WSD

Criteria and explanation
This code indicated that integration occurred within one single subject
area.

AD

This code indicated that that integration occurred across two or more
subject areas.

WAL

This code was used when one or both of the following criteria was met:
 Integration occurred within learners themselves.
 Integration occurred across network of learners.

*WSD= within single discipline;
learners

AD= across disciplines;

WAL= within and across

The first code in table 3.4, WSD, was used to code statements from both
interviews and observation notes or activities that indicated that there was integration
within environmental topics or physics- that is, the code was used when it was observed
that the teacher made deliberate efforts to relate ideas/strands within a discipline rather
than assuming that students will automatically understand the relationships within the
instructional setting. The second code, AD, was used to tag statements that indicated
linkage of content from different disciplines. This code was used when a teacher
indicated re-organizing what was taught, and assisting students in making meaningful
connections between physics and environmental topics. Lastly, statements or activities
coded as WAL needed to meet one of two criteria or both in order to be coded as WAL
(Table 3.4): a) integration occurred within learners themselves i.e. the learner is in control
of the knowledge learned, the strategies used and the sharing of that knowledge with
other students ; b) integration occurred across network of learners i.e. learners are pro49

active in the learning process and initiate their own searches for information, skills and
concepts, relying on experts and other learners as resources for their own learning.
Once the above codes were developed from Fogarty’s models, I used them as
follows. Interviews were first transcribed and then uploaded to a computer program
NVivo10 then coded and categorized using NVivo10, analysis was done in an ongoing
basis while looking for similarities and differences among the teachers to answer my
research questions. Then I read and reread the my field notes and curriculum materials
while highlighting and tagging them with the codes from Table 3.4 above to denote
statements and activities that could answer my research questions.
To answer my first question the interview and observation notes codes were
clustered to categories and themes. Tagged and coded field notes and curriculum
materials were used to identify statements, episodes and activities that represented
integration models. In analyzing the data in relation to the guiding research questions, a
deductive approach were employed together with the framework based on the developed
codes making use of interviews, field notes and curriculum materials.
In order to answer the second research question relied on the four categories
barriers to environmental i.e. conceptual, logistical, educational and attitudinal barriers as
my codes. I used a deductive approach together with the framework propositions based
on the four categories of barriers to environmental education (Ham & Sewing, 1988) by
using the interview data. I used four different color codes to indicate the four categories
of challenges.
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My summary of data analysis and how to answer the research questions are
shown in Table 3.5 below:
Table 3. 5
Research questions, data sources and analysis strategies
Research Questions
Analysis Strategies
1. How do Physics teachers
integrate environmental
issues in Physics by Inquiry
course? Specifically; a) what
integration models do
physics teachers employ in
integrating environmental
topics/issues in their
instruction? b) What are the
Physics teachers’ perceptions
of integrating environmental
issues in their classroom?

Data Sources

Semi structured interviews,
curriculum materials, classroom
observations and audiotape for
lessons

1. Reading and
reading the
interview transcripts
and field notes
relevant data.
2. Clustering similar
categories together
according to
Fogarty’s 10
models.
3. Condensing
categories assigning
them into codes.

Semi structured interviews and field
notes

2. What limitations or
barriers do physics teachers
perceive to hinder the
integration of environmental
topics in their curriculum?
Why may the Physics
teachers not teach the
environmental issues as
much as they would like to?

1. Reading and
reading the
interview transcripts
and field notes to
pick relevant data.
2. Clustering similar
codes together
according to the four
barriers.
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Once all of the data was coded and analysis had been completed, case profiles for
each of the three participants were written and peer reviewed by my research colleagues
and two seasoned researchers. Interview transcripts, observation notes, and documents
were used to write individual profiles. Each case contains a summary of the teacher’s
background and experience with environmental topics integration, the school context, the
daily observations, and reflections through the interview.
Finally, data analysis included cross-case synthesis (Yin, 2009). Furthermore, Yin
(2009) suggests the creation of “word tables” to display the data from the individual cases
in an organized fashion. Cross-case synthesis is relevant in this study because it contains
a total of three cases. The cross-case analysis followed the patterns that emerged from
coding. For a theme to emerge across cases, it needs to have been mentioned by at least
two participants. The researcher examined all the patterns in the categories to find themes
that are discussed in the cross-cases analysis in chapter 5. After determining all of the
themes, I started to build a model to answer the research questions.

Validity and Reliability
The validity of qualitative research can be understood as the evaluation of the
accuracy of the findings from a study (Creswell, 2007). Yin (2009) presented four tests to
judge the quality of a study: construct validity, internal validity, external validity, and
reliability. Three techniques were suggested to meet this test: using multiple sources of
evidence, establishing a chain of evidence, and having the draft case study report
reviewed by key informants (Yin, 2009). First, in this study three sources of evidence
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were collected: curricula documents, classroom observations, and interviews. Secondly,
sufficient citations to the database were made, the database revealed actual evidence, and
the data collection followed the outlined protocol. As rightly noted by Yin (2009) that a
reader of the final case studies should be able to “follow the derivation of any evidence
from initial research questions to ultimate case study conclusions” (p. 122). Thirdly,
peers of the researcher and two highly qualified researchers reviewed each draft case.
External validity is described as “defining the domain to which a study’s findings
can be generalized” (Yin, 2009, p. 40). The term “generalizable” has caused debate in the
objective versus subjective research clash. Objective researchers contend that research
generalizability is essential. In naturalistic research, it is the contextual variables that
must be disconnected; variables have to be controlled and samples randomized. In
subjective research, contradictorily, it is the detailed and in-depth description that allows
others to determine if the findings are transferable to other settings (Cohen, Manion, &
Morrison, 2000). Yin (2009) described quantitative research as relying on statistical
generalization, where “an inference is made about a population (or universe) on the basis
of empirical data collected about a sample from that universe” (p. 38). Yin differentiated
this from case studies, which rely on analytic generalization where a “previously
developed theory is used as a template with which to compare the empirical results of the
case study” (Yin, 2009, p. 38).
The final test Yin (2009) proposed, to judge the quality of a study, is reliability.
The objective of reliability is “to be sure that, if a later investigator followed the same
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procedures as described by an earlier investigator and conducted the same case study all
over again, the later investigator should arrive at the same findings and conclusions”
(Yin, 2009, p. 45). Reliability was addressed in the current study by documenting the
procedures followed and using a case study protocol. Peer review, from colleagues, was
used once the data analysis was complete. The implementation of the aforementioned
tests and techniques ensured that validity and reliability was met in this study.
Researcher Background
My passion for science dates back to my years in grade school and high school.
My science teachers’ explanations of the natural world always fascinated me. Science
experiments, from very basic ones such as holding an umbrella against the wind, to
fractional distillation in chemistry got me thinking that I too would one day design
something ‘cool’ and present it to people. My very first attempt at ‘fame’ in science took
the form of a science congress talk. As a junior in High School, I participated in a
Science Congress, where I presented a Physics talk on “Bernoulli’s Bridge” from the
district level, all the way to the national level. The attentive, huge crowds at the
presentations made me nervous but motivated me to prepare more for my talk and to do
deeper research to inspire them with the ideas that I expressed. I discovered that the more
I learned about science, the more I wanted to learn. And the deeper my understanding of
the subject became, the more I wondered how science could be used to make useful
changes in the peoples’ lives. With this inspiration, I proceeded to college to study
Physics and Chemistry as an undergraduate. While in college I developed a deeper
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interest in the structure and properties of matter. My curiosity was piqued while taking
classes like particle matter physics, classical mechanics, organic chemistry, physical
chemistry, quantum mechanics, radiation chemistry, organometallic chemistry, industrial
chemistry, and nuclear physics, among others. These classes not only solidified my
understanding of matter, but also challenged me to widen my research into matter and its
properties and to come up with original ideas to turn matter into useful forms and their
effects to the natural environment.
In my experience as a science teacher, I have encountered many challenges. A
good number of those challenges have no relation to science, but challenges on finding
the effective ways to infuse other forms of knowledge to produce holistic students with
skills with skills that can use as citizens of society and consumers of earthly resources.
While earning my Master’s in Science Education I developed interest in educational
research. My first interest was in the integration of technology into science classroom.
Out of this integration experience I became interested in integration of curriculum,
particularly integration of other disciplines into science. Teaching Physics by Inquiry
course with integration of environmental topics was my first actual experience with
integrated curriculum.
As a classroom teacher, I was dissatisfied with my own knowledge on strategies
of integration and abilities to get through to students about the environmental topics I was
teaching. I wanted to know more about how to bring understanding to my students in a
way that was motivating to them. As a result, I got interested in researching about models
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of integrating curriculum. It is with this background that prompted interest in
investigating integration of environmental issues in the physics classroom. I truly believe
that integration of environmental issues in Physics will give students intrapersonal and
interpersonal skills required to understand relationship between society and science and
technology. I am hopeful that the results of this study will add to the growing literature
on integration of curriculum, which will ultimately guide the integration of environmental
topics in a physics classroom.

Limitations of the Study
The observation of the teachers was done when the teachers invited the researcher
to come in and do observations. These observation episodes might have not represented
typical lessons on how teachers normally teach; my presence in the room could have been
interpreted as an evaluative role from the teachers as the teachers were aware that I teach
the same course thus they could have changed how they typically taught in other days.
Furthermore, this study lacks information about other science teachers’ (biology,
chemistry) perceptions and classroom practices of environmental topics integration. A
study that addresses chemistry, biology teachers’ perceptions and classroom practices of
environmental integration may provide a different viewpoint of how environmental topics
integration should be implemented in science classes.
Second, it was preferable to do post-observation interviews directly after the
observation. However, due to the teachers’ schedules, the interviews took place at a later
date. Third, this study was focused on teacher input only; students were not investigated.
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The addition of student output could have created a more holistic picture of how effective
the integration of environmental topics were in Physics by Inquiry course. Finally, the
same person did all of the data collection and analysis. Another person could have coded
the data in an attempt for intercoder agreement, but the notes written have inherent bias
from the primary researcher who wrote them (Creswell, 2007).The individual teacher
cases and results from the case analysis described in this chapter are provided in Chapter
4. The cross-cases analysis and overarching themes from the study are reported in
Chapter 5.
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CHAPTER 4
Case by Case Findings
In this chapter, the three individual case studies are presented. The cases are
described in detail using all of the various types of data collected: interviews,
observations, and documents. For each case, an overview of the setting and the teacher
participant is given. The first section of each case focuses on the overview of the
integration of environmental topics. The second section of each case outlines the
observations made in the classroom setting. The final section of each case provides
details about the interviews conducted with each participating teacher. In Chapter 5, a
cross-case analysis of the three cases will be presented.

Case I-Allison
Allison has taught for 17 years at a suburban high school. For these 17 years
Allison taught chemistry and physics, including a College in the Schools (CIS) physics
course for 3 years. Allison has a Ph.D. in Curriculum and Instruction (Science
Education), with her dissertation titled: Integration of Engineering Education by High
School Teachers to Meet Standards in the Physics Classroom, a Master’s in
Environmental Engineering, another Master’s in science education, a Bachelor of Science
degree in physics, and a certificate in environmental education. This was Allison’s
second year integrating environmental issues into the CIS physics course.
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The School
The school where Allison teaches is a suburban, public high school. The student
body consisted of 1,144 students, with 65% of the students being minority (American
Indian/Alaska Native 2%, Asian 8%, Black 20%, Hawaiian Native/Pacific Islander 0%,
Hispanic 32%, two or more races 3%). 58% of the student population comes from low
social economic status. The Physics by Inquiry is an elective course in this school that is
open for seniors and juniors.

The Classroom
The classroom where Allison taught was oriented toward Allison’s desk and a
whiteboard mounted to the front wall. Allison’s class periods were 55 minutes long.
Allison did the majority of her class-wide instruction while circulating and occasionally
standing at the front of the classroom. Students sat at tables that faced the front of the
room; each table had room for two students. To the left and at the back of the classroom
were laboratory tables fitted with piped water and gas. The classroom is on the third floor
of the building, which gave it a good view of the rest of the building’s roof that had
attached solar panels. The section of CIS Physics class I observed consisted of 22
students in total: 10 male, 12 female, five Black, seven White, seven Hispanic, and three
Asian.

Overview of Integration of Environmental Issues in Physics
During the data collection period, Allison taught a unit on electricity and circuits
that incorporated environmental issues related to electricity and energy sources. As
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mentioned in Chapter 3 the students worked in small groups on inquiry-based activities
throughout the physics only portions of the unit. Once a week, Allison added
environmental connections through a class-led discussion that involved all students and
sometimes incorporated a demonstration or small group work.
Allison was observed three times during her unit. The first environmental lesson
was about fossil fuels and carbon dioxide reduction through the use of renewable energy
sources. In this discussion she focused on burning coal, disposal of the ash byproduct,
and its effects on the local population. For the discussion on renewable energy sources,
she talked about nuclear and solar power including connections to the physics content.
During the second lesson, she focused on environmental impacts of electricity generation
and greenhouse gases, such as carbon dioxide, methane, nitrous oxide, and chloral floral
carbons (CFCs) and their impact on global warming. During the third lesson, students
picked different topics on electricity to research in small groups and present to the class.
Table 4.1 below shows a thirty day by day plan for topics and activities that Allison
covered to illustrate where environmental topics were inserted into the flow of the
physics unit. Each of these environmental lessons is described in detail in the following
section.
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Table 4. 1
A plan showing topics and activities that Allison taught in thirty days.
Day
Day 1 –
Wednesd
ay 9/9
Day 2 –
Thursday
9/10
Day 3 –
Friday
9/11

Day 4 –
Monday
9/14

Topics/ Activities covered
Pre-Test – Electricity and Circuits (EC 1)
Introduce textbook: Sections, Experiment vs. Exercise, what goes in your notebook
Begin EC 1 (Sec 1, skip exercise 1.4), got through Sec 1.1
1.1 – 1.5: 2 Batteries, 1 bulb, 1 wire, flashlight
Question of the day (QOD) - groups
Hand out and Explain Checkpoint sheets
EC Sec 1.2-1.5 (skip 1.4)
Checkpoint 1.5
Reminder, Journal #2 Due 11:59 pm
QOD – lighting a bulb with one wire
Go over name of contents in insulator/conductor baggies for Sec 1.6
Sec 1.6-1.8
Checkpoint Sec 1.8
Talk about “Stupidity” article
QOD – will the bulb light?
Introduce the Environmental component of the class, Environmental Assignments
PowerPoint “Electricity 1: Introduction”
Post and Assign Environmental Assignment #1, Due Friday 11:59 pm

Table 4.1 continued
Day 5 –
Class time to read chapter from Energy for Future Presidents (EfFP), “What is Energy?” pp.
Tuesday
281-290
9/15
Finish 1.6-1.8 & Checkpoint
Begin 1.9-1.10
1.9: plastic battery holder, physics switch, light switch, ceramic socket, plastic socket
Day 6 –
Class time to read chapter from Energy for Future Presidents (EfFP), “The Energy
Wednesd Landscape?” pp. 281-290
ay 9/16
Finish 1.9-1.10 and do Checkpoint
Begin Sec 1.11 and do Checkpoint
1.11: more wires (6 total for each group), switch to metal battery holder
Talk about expectations for writing assignments
Day 7 –
Finish Sec 1.11 and do Checkpoint
Thursday Begin Sec 1.12-1.14
9/17
Day 8 –
Reminder, Environmental Assignment #1 Due 11:59 pm
Friday
Finish Sec 1.12-1.14 and do Checkpoint
9/18
Day 9 –
Reminders for U of M registration on Friday
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Monday
9/21
Day 10 –
Tuesday
9/22
Day 11 –
Wednesd
ay 9/23
Day 12 –
Thursday
9/24

Day 13 –
Friday
9/25
Day 14 –
Monday
9/28

Environmental Lecture #2 “Energy, electricity generation, sources”
Finish Sec 1.12-1.14 and do Checkpoint
Post Journal #3 Groups – Due Friday 9/25 by 11:59pm
QOD - draw a standard circuit
Finish Sec 1.12-1.14 and do Checkpoint
Supplementary Problem #1.3 (1&2) p. 494
Do in groups with whiteboards
Post-Test EC Sec 1
Grade and go over Post Test EC 1 with each group
Pre-Test EC Sec 2
Finish Pre-Test
Begin EC Sec 2
Do Sec 2.1, 2.2-2.3 Sec 2.1 each group needs 1 AA battery (from the science supply closet)
and one small paperclip (to be used as a non-insulated wire). Collect these after doing the
checkpoint for 2.1.
No materials needed for 2.2 or 2.3
Journal #3 Due

Post Environmental Assignment #2 – Due Fri 10/2
Reading Time - EffP, pp. 87-111 (Chapter 4, 5, 6)

Table 4.1 continued
Day 15 –
EC Sec 2.4-2.5, 2.6-2.7 Starting in Section 2.4 total supplies needed per group: 2 light bulbs,
Tuesday
2 sockets, 1 battery, 1 battery holder, 4 wires
9/29
Day 16 –
QOD – A,B,C equal brightness
Wednesd Finish Sec 2
ay 9/30
Day 17 –
QOD – A, B, C, D, equal brightness
Thursday
Do in groups using whiteboards, whole class discussion
10/1
Post-Test EC 2
Day 18 –
Environmental Assignment #2 Due by 11:59 pm
Friday
QOD – A, B, C, D, E, equal current
10/2
Some groups still needed to finish Post-Test EC 2
Prep for Quiz 1 Supplemental Problems Sec 1 & 2
Day 19 –
Read StarTribune Article: Xcel aims to speed CO2 reductions
Monday
As a class outline proposed changes. With a partner outline benefits and drawbacks.
10/5
Environmental Lecture # 3-Environmental impacts
(My First Post Journal #4 What You’ve Learned– Due Fri 10/9 at 11:59 pm
Observat
ion)
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Day 20 –
Tuesday
10/6
Day 21 –
Wednesd
ay 10/7

QOD – A brighter than B,
QOD – A=B > C=D
Do as groups on big white boards
QOD – A=D=E > B=C
Explain layout of Quiz 1
Supplemental Problems Sec 1 & 2 – Due tomorrow before test

Day 22 –
Thursday
10/8
Day 23 –
Friday
10/9

Quiz 1 – Individual and Group Midterm Exam EC Sec 1 & 2

Day 24 –
Monday
10/12

Day 25 –
Tuesday
10/13
Day 26 –
Wednesd
ay 10/14

Day 27 –
Monday
10/19
Day 28 –
Tuesday
10/20
Day 29 –

Journal #4 Due 11:59 pm
Cosmos: The Electric Boy
With Video Sheet
Program is about Michael Faraday and the discovery of electricity.
Read article from StarTribune: “ Scientists neutrino discovery wins Nobel physics prize”
Pre-Test EC Sec 3
Talk about the importance of making predictions.
Tell students that in this section, they will often be asked to predict the brightness of bulbs in
a circuit before setting up the circuit or unscrewing a bulb or whatever. Remind them that it
is very important to think seriously about these predictions and the reasons behind them and
to discuss the circuit with their partners before setting up the circuit. Talk about the circuits
being more complex. The circuits are getting much more complicated here, so the students
should expect to spend more time on them. The goal is to be able to predict the behavior of
more complicated circuits.
Begin Sec 3.1 For each group for Sec 3.1 – 3.4: 2 batteries, 2 battery holders, 3 bulbs, 3
sockets, 1 switch, 5-6 wires
Checkpoint Sec 3.1
Do Sec 3.2-3.3 & Checkpoint 3.3
Post Environmental Assignment #3 – Due Fri 10/23 by 11:59 pm
Show students Environmental Assignment and note the websites they will look at
Explain the Greenhouse Effect – show the first website
http://climatekids.nasa.gov/greenhouse-effect/
Reading time – “Coal without Carbon” p. i-vii
pHet Simulations – do individually

Hand back pHet Simulations WS and go over the worksheet.
Emphasize that current through a battery depends upon what it is hooked up to and how
those bulbs are hooked up.
Return EC Sec 1 & 2 Tests & go over
Environmental Assignment #3 Due by 11:59 pm
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Wednesd
ay 10/21
Day 30 –
Monday
10/26
(My
second
observati
on)

Work time on Environmental Assignment #3 – look at websites, write up
Environmental Lecture #4 – Greenhouse Effect and Carbon
Show Powerpoint Key Questions
Set up Pop Bottle demo and start collecting data (See pictures of set up and USGS
Greenhouse Gases lesson plan)
Show first video: An Inconvenient Truth “Science of Global Warming”
https://www.youtube.com/watch?v=NXMarwAusY4 2min 12sec
Go back to Powerpoint and finish slide “What are Greenhouse Gases”
Show second video video: An Inconvenient Truth “None Like it Hot”
https://www.youtube.com/watch?v=OqVyRa1iuMc 2min 12sec
Complete the rest of the Powerpoint
Go back and look at the Pop Bottle Demo results
Watch the Ted Talk “Climate Change is Happening. Here’s How we Adapt.”
https://www.ted.com/talks/alice_bows_larkin_we_re_too_late_to_prevent_climate_change_h
ere_s_how_we_adapt
For this video on the board write 2oC = 3.6oF and 4oC = 7.2 oF

Observations
First Observation. Allison started class by taking attendance and checked on the
previous environmental homework that was due. Allison then handed out a recent Star
Tribune newspaper article entitled “Xcel Energy aims to speed carbon dioxide reduction”
(Appendix B). Before the students started reading, Allison mentioned, “while reading
think about the benefits of the changes and the drawbacks from the changes.” Allison
encouraged the students to highlight important points from the article. Then, the students
read quietly for eight minutes, after which the teacher started talking about the article by
first providing a summary and then asking the students to name the proposed changes for
carbon dioxide reduction. Students volunteered answers:
Student 1: Replace coal-burning generators with natural gas.
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Student 2: Increase investment in solar and wind energy.
Allison: Are they not using solar and wind energy right now?
Student 3: Only 15% right now, will increase by 33% by 2030 in solar energy.
Allison asked how many nuclear power plants are in Minnesota; this seemed to be
a hard question as only one student was able to identify them as being located in Redwing
and Monticello. At this point Allison asked the students to work with a partner to discuss
the article and come up with the benefits of the plan to reduce carbon dioxide and
increase wind and solar power.
The content of this article seemed to be interesting and relevant as all students
were deeply engaged and discussed the article until Allison gave first a three-minute
warning and then fifteen-second warning to wrap-up their discussions before she asked
them to share the benefits of carbon dioxide reduction. Students shared benefits like:
reduction of greenhouse emissions, more jobs, and burning of less coal. After the students
made their contributions, Allison summarized the benefits and drawbacks of carbon
dioxide reduction. Next, Allison asked, “Is it OK to pay more for a source of energy that
is environmentally safe than paying less for environmentally unsafe source of energy or
electricity?” Students responded that they would rather have a clean source of energy. At
this point Allison talked about the economic and financial issues involved in the
production of clean energy.
Allison transitioned to a PowerPoint presentation on fossil fuels with a focus on
burning coal and disposal of the residual ash. She noted that states—not the federal
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government—govern ash disposal, which makes them more lenient on regulations to
attract investors. Allison also noted that people who live close to these power plants are at
risk of exposure to coal ash, and stressed that, “they are mostly poor people.” She
displayed a picture of power plants with a residential area next to it and another picture
showing coal ash emitted at a nearby lake where people get their water. She asked, “Are
these people rich white, rich black, or rich Latino?” The students answered in a chorus,
“No!”
Allison then started talking about nuclear waste by posing the following questions for
students to discuss:
“In the U.S. where do we store nuclear waste?”
“Is it beneficial to store nuclear waste in one place?”
“Can you store nuclear waste at your backyard?”
“Where on earth do you think is safe to store nuclear waste?”
The students struggled with these questions. They clearly did not want nuclear waste in
their backyards, but they could not decide where it should go because there was life
everywhere and they did not want nuclear exposure.
Next was a discussion on renewable energy sources such as solar panels. Allison
shared an environmental concern about the amount of space and land solar panels take
up. She used the solar panels in the school as an example, and asked why they were
placed on top of cafeteria roof and not on the football field. Students were actually
thrilled that the solar panels were not erected on the football field. Allison also talked
66

about environmental issues, such as the safety concern posed by powerlines that
distribute electricity to the people around them. As class ended, Allison summarized the
whole class period on the various environmental issues associated with different sources
of electricity and the impacts of generation and distribution of electricity.
Second Observation. Class started with Allison welcoming the students to class. She
reminded them that they had an environmental assignment due on Friday, but many
students had not turned it in. She also reminded the students that the journal assignment
was posted online. Then, she stated, “Today we will talk about environmental issues and
impacts of electricity generation.” She noted that in the U.S. most of our electricity
comes from burning coal, which is largely associated with the emission of greenhouse
gases. Allison then did a demonstration with three bottles that represented different
atmospheric conditions. In the first bottle were rocks and water and the top was open, in
the second bottle were rocks and water and the top was closed, and in the third bottle
were rocks, vinegar, and baking soda with the top was closed. She used a source of light
to represent the sun shining on the three bottles with temperature probes attached to each
bottle and set the experiment to run for 30 minutes. Allison used this demo to
demonstrate how carbon dioxide contributes to global warming.
While the experimental data from the demo was being collected, Allison showed
a video clip from the documentary “An Inconvenient Truth” by Al Gore
(https://www.youtube.com/watch?v=NXMarwAusY4). This video clip focused on global

warming by pointing out that as the sun’s rays heat the Earth, they are irradiated back and
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trapped in the atmosphere, causing atmosphere warming. The video clip then explored
basics ideas of the greenhouse that are summarized below:


Energy comes from the sun in UV and visible light radiation; these forms of heat
warm the atmosphere.



Without the atmosphere all the heat will come to the Earth.



With greenhouse gases, the heat that is radiated by the sun is irradiated back, but
only half of the heat is radiated back to the Earth.



The more greenhouse gases there are, the more we have increased the amount of
heat that is trapped in the atmosphere. The ozone layer traps some of the heat.



The more greenhouse gases we have the more heat we have trapped in the
atmosphere.

The video clip ended by identifying some of the greenhouse gases: water vapor, carbon
dioxide, nitrous oxide, ozone, methane, and chloral floral carbons (CFCs). As the video
clip ended, Allison mentioned that CFCs also come from aerosol sprays that we use. A
student asked, “Where does carbon dioxide come from?” And Allison responded, “From
our bodies and from burning and combustion of matter.”
After a brief discussion the first video clip, Allison showed another video clip
from “An Inconvenient Truth” (https://www.youtube.com/watch?v=OqVyRa1iuMc) that
connected physics concepts of energy to “how to solve global warming.” The video clip
was a cartoon animation that depicted global warming with the analogy of ice cream
melting and provided a solution by dumping ice in the ocean to solve global warming.
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The video clip went on to indicate that dumping ice in the ocean would not be a viable
idea because making ice requires electricity, which is obtained by burning coal. After the
video clip, Allison talked about possible solutions to global warming such as carbon
sequestration, clean coal technologies, underground coal gasification and next-generation
coal gasification. She quickly pointed out that no one method is sufficient to reduce
global warming, however all the methods reduce net efficiency of prices of energy
production and that the federal government needs to regulate energy production through
measures such as a carbon tax (taxes can be levied based on carbon content in fuel,
carbon content emissions and amount of energy generated with or without consideration
through cap and trade by issuing a limited number of permits).
Allison went back to check on the experiment results. The bottle with carbon
dioxide had the highest temperature, followed by the closed bottle and the open bottle.
Allison pointed to the class that some of energy generating sources like coal contributes a
lot to generation of carbon dioxide thus global warming. These results demonstrated that
carbon dioxide in the atmosphere could be a possible source of global warming as
depicted in Figure 4.1, which Allison generated from the experimental results.
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Figure4. 1: Graph showing experimental results of a demonstration on global warming in
Allison’s class.
After discussing the experimental results about generation of carbon dioxide and
the contribution of carbon dioxide on global warming, Allison played a 15-minute video
clip with a TED talk on global warming
(https://www.ted.com/talks/alice_bows_larkin_we_re_too_late_to_prevent_climate_chan

ge_here_s_how_we_adapt). The video clip highlighted climate change awareness, calls
for action, the effects of global warming, evidence of global warming and carbon dioxide
gas emission, meetings that have addressed these issues without any major outcomes, and
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the need for energy policy, and energy demand. The video clip also provided evidence for
the prediction of radiation and carbon dioxide emissions. Allison then summarized the
video clip and highlighted key issues as the class ended.
Observation Three. Class started with Allison making announcements, after which she
introduced seven questions that students had asked in the previous class. She presented
them as research questions and asked students in their groups to choose one question to
explore using their Chromebooks. She gave them 25 minutes to write their responses on a
whiteboard to be shared with the class. The following questions were printed and
mounted on seven whiteboards that students were to pick from:
1. What is inside a battery?
2. How does lowering your phone brightness increase your battery life?
3. What is the difference between a phone battery and regular battery like
that used in flashlight?
4. Is it possible to charge batteries using solar energy?
5. When you get a shock, what is happening?
6. Does electricity work differently in space compared to on Earth?
7. How do rechargeable batteries work?
Students walked round and a picked a question that was of interest to them and started
working in groups of three, searching for answers on the internet using the Chromebooks,
and writing their responses on the whiteboards. Students generated keywords for their
searches and some even wanted to call Apple Inc. and ask them about the question they
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were researching. All the students were engaged as Allison was walking around and
checking on their answers. Allison gave a five-minute warning for students to be ready to
present to class, then one-minute warning and asked the students to start making their
presentations.
Students with question 3, (What is the difference between a phone battery and regular
battery like that used in flashlight?) volunteered to go first; they reported that the
chemical reactions are reversible in rechargeable batteries while regular batteries can
only discharge. Allison asked them to compare rechargeable and regular batteries and
determine which is cheaper to buy and gave an example that 16 rechargeable batteries for
the class cost about $500. Next, students who were on question 2 (how does lowering
your phone brightness increase your battery life?) reported their findings, and mentioned
that it saves energy, uses less power, and therefore makes the battery life longer,
decreasing the power for the LED and increasing the life of the battery. Allison noted that
the students used the term “watts” from research—it was not something they had studied
in class. Next, students with question 1, “what is inside a battery?” presented a diagram
showing the inside of a battery and explained how the circuit worked and released
energy. Allison talked about metallic pieces of the battery and the chemical reactions that
produce energy. For question 4— Is it possible to charge batteries using solar energy?—
the students reported that it is possible to charge batteries using solar energy, and they
showed an example of a phone case that uses solar energy. For “what is happening when
you get a shock?” (question 5) students reported that during this time your body conducts
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electricity and if you touch electricity, it flows in your body and they cited the Taser as an
example. Allison shared with the students a story of a lady who was struck by lightning
and survived, but had some scars around her waist from her undergarments melting. For
question 6, finding out if electricity works differently in space from earth, students
reported that it worked the same. The students also noted that there was not enough
information from the internet, but they established that electricity does not depend on
gravity or oxygen. Finally, for question 7—how do rechargeable batteries work?—the
students reported that current is reversible in rechargeable batteries and irreversible in
non-rechargeable batteries. After the last presentation, Allison asked if they had any
questions, there were none and class ended.

The Interview
Allison participated in one interview that lasted for 40 minutes after all of the
observations were completed. She was interviewed about her experiences and challenges
in integrating environmental issues in physics to shed more light on the research
questions posed in chapter 3.
Preparation to Teach Environmental Topics. Allison has a strong background in
environmental education, with a master’s degree in environmental engineering and a
certificate in environmental education. She also had experience teaching chemistry and
incorporating environmental education in chemistry. During the interview Allison
recalled,
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When I was hired, I was hired because of my environmental background. At that
time Minnesota had the profiles of learning for their standards and at our school
we had a regular or a general chemistry class and we have an honors-level
chemistry class and in the profiles of learning, the chemistry profile… our district
felt there was too much chemistry content in there for the students in the general
chemistry class to meet that profile. So instead of putting the chemistry profile in
the general chemistry class, they left that in the honors chemistry class. They put
the environmental profile in the general chemistry class and the general chemistry
class that we taught used the ChemCom book (the Chemistry and the Community
book). That curriculum taught chemistry focused on environmental topics, so I
definitely had that piece with that chemistry class.
With previous experience teaching environmental topics in chemistry, Allison thought
doing the same in physics would be much easier but she realized it was different in
physics. She said,
In terms of physics classes, very little environmental pieces fit in the physics
classes. Maybe some conversations about global warming in terms of heat transfer
by convection or you know, connections that we make but not in terms of real big
structured piece.
Motivating Students in Physics. During the interview, I asked Allison how she
motivated her physics students. She responded,
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The one way that I motivate kids is with the inquiry class, is the variety of
activities that we do. So the variety of teaching methods and the variety of
activities that the kids do. So, the hands-on activities are very motivating to the
students. I don’t do a lot of lectures and I’m not sure if those are very motivating
but sometimes are necessary.
She further explained that environmental topics were also motivating to students, but she
would love if they were more hands on. Allison asserted that environmental topics could
be a vehicle to help students make connections between their experiences and physics.
Therefore, she saw environmental science as a “popular science” that directly linked to
what students were familiar with in their lives. An important link that Allison made
between physics and everyday life was that her students could use physics to “make
decisions in their lives, say voting decisions or personal choices or those kind[s] of things
and she liked that it [environmental topics] made the physics applicable to their lives or
what [might] be their adult lives.”
When asked if she thought environmental topics helped with student interest and
motivation in physics, Allison was not sure:
I don’t know that… well, I should say that, I think that maybe instead I really
don’t think that because of the environmental stuff, the kids are going to think,
‘Oh I should go study physics.’ But they may think I might study some other
science and the physics may actually be meaningful to that science.
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However, Allison believed that through environmental topics students were definitely
motivated in other sciences and science fields. She added, “So it may give physics more
meaning in a context of some other science, like another science that would be supported
by physics.”
Teaching Strategies. Allison described her past experience incorporating environmental
topics in physics. She explained that the first year was not easy, she said, “obviously the
first year going through I didn’t have a lot of background in a lot of the topics and so I
had a tough time adding in pieces or making adjustments” Consequently the second she
had to get new teaching strategies to engage the students in the second year. She said,
So, for the most part of my experience was the kids weren’t really excited about
it. It was pretty dry, I also felt like there was disconnect between the physics we
were doing in the environmental topics that we are covering. Even though they
are connected, you know, the kids had a tough time seeing those connections.
To ensure that students were engaged in the learning process, Allison set learning targets
such as: exposing students to real life experiences, students to see the practical
application of physics in real life and many others. With these goals, Allison aimed at
providing opportunities for students to see how physics relates to the real world. She said,
“I’d like them to learn some physics content but then additionally to that to see how that
content applies to real world life.” To achieve this goal, Allison made a deliberate effort
to extend physics concepts from class to the outside world. For example, she noted,
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So, for example, with the electricity pieces to see that we make electricity, we use
the electricity and that process causes the production of carbon dioxide, which
produces greenhouse gases, well, you know that there’s this whole connection
between the physics, you know, physically how something works but the results
of doing that what happens.
Additionally, Allison also looked for materials that were tailored to students’
interests and those that the students could easily connect with. These included: YouTube
videos, newspaper articles, and an invoice that she used buy rechargeable batteries
(appendix D). She mentioned, “I try to make it a little bit more robust instead of just
flipping through PowerPoint slides and going over the information.”
Role of Environmental Topics in Physics. During the interview, Allison mentioned that
integrating environmental topics increased student interest in physics and provided them
an opportunity to make connections to real life. She said that these real-life connections
allowed students to engage in robust discussions on matters relating to the environment.
She said,
I really like that it [environmental topics] makes a connection between the physics
they are learning and probably more of the popular science that will be useful as
they make decisions in their lives say voting decisions or personal choices or
those kind of things. So I like that it makes the physics applicable to their lives or
what may be their adult lives.
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Allison mentioned that the most important aspect of the environmental issues in
physics was that it has led to students making lifestyle changes in terms of decisionmaking. In particular, she mentioned one assignment she did with the students called ‘the
lifestyle project’ (Appendix D) as being one that led to students’ changed behavior and
perceptions on the environment. She said,
You know, but most of them say, ‘but I’m going to try to limit how long I’m in
the shower,’ all right. And ‘I’m going to think about, you know, carpooling,’ all
right. So even that kind of evidence, you know, and how realistic is it versus what
they [students] are just writing in their paper. But they’re obviously stating that,
now I’m thinking about this a little bit differently than I did previously. So I think
they do—I really think most of the kids generally have a positive outlook about
physics and they have a positive outlook about the environment or understanding
the issues that are connected to environment.
Appreciating the role of environmental topics in physics going forward, Allison
would like to have more inquiry-based environmental activities. She noted, “having the
students do maybe more inquiry-based environmental pieces as well.” This is a change
that she believes will align with the way the physics course is taught and will allow
students to engage more often with hands-on activities pertaining to environmental
issues.
Integration Strategies Used. To incorporate environmental issues in her class, Allison
applied various integration models throughout her teaching. She explained that the first
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year she did not do much to connect and integrate the environmental issues apart from
teaching what was provided by the university instructor. She said,
I think the only time that I veered away from what, you know, university lead
instructor had provided was in particular like last year when we did that lifestyle
project and the kids had to choose an environmental topic more relevant in their
lifestyles.
The first year Allison largely followed what was provided by the university instructor but
she realized she needed more background in environmental topics and good strategies to
involve students in the learning process just like they did in the lifestyle project where
they were involved in something that was more relevant to their lives.
During this second year, Allison realized that she had to do more background
research in environmental education to be well versed in incorporating environmental
topics in physics. She explained, “I did some background research in a number of
different areas[different topics in environmental education] that I then provided as
options for the kids [students] to choose until I felt like that was something I kind of did
more on my own.”
From time to time, Allison mentioned that she had different topics that students
picked based on their own interests, what they were passionate about, or what prior
knowledge of they had and what they wanted to know more about. As she indicated, “I
provided options for kids [students] to choose from.” This was a strategy in which she
was not only successful in motivating students, but also helped in creating interest for the
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class. The students were able to learn what they were interested in and also share their
preexisting knowledge on environmental issues.
Allison partially credited her success with the integrating environmental topics in
physics and creating interest in students from her previous experience when she
integrated environmental topics in a chemistry class. She said:
Interestingly enough 17 years ago when I was hired, I was hired because of my
environmental background. At that time, Minnesota had the profiles of learning
…for their standards and at our school we have a regular or a general chemistry
class and we have an honors-level chemistry class and in the profiles of learning,
the chemistry profile—the district felt there was too much chemistry content in
there for the students in the general chemistry class to meet that profile. So
instead of putting the chemistry profile in the general chemistry class, they left
that in the honors chemistry class. They put the environmental profile in the
general chemistry class and the general chemistry class that we taught used the
ChemCom book, (Chemistry in the Community)
When asked about how her previous experience with chemistry was different
from how she was integrating environmental topics in her current physics class, Allison
explained that the structure of the curriculum of the two classes was different:
So with Chemistry in the Community, the whole curriculum was based on these
big environmental ideas and then the chemistry was used to support these big
environmental ideas. I think like last year in inquiry, I didn’t do nearly as good a
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job as this year making the connection between the environmental topics and the
physics that we were learning. I think last year they seemed very much more
disconnected.
When asked if she integrated environmental topics in any another classes, Allison said
“Yeah. Actually because I’m teaching environmental issues, you know, when I’m
teaching chemistry or I’m teaching my other physics class, you know, because those
things are in my head, you know, certainly things come up and connections are made.”
In making these comparisons, Allison lamented that the way the physics topics
are setup, it didn’t provide good support for an effective integrated curriculum and
instruction. She said,
So, one thing I think that is difficult is that and I don’t know if this is the way I
have decided to teach it or the way that it’s structured from the university, but we
are kind of separating environmental topics throughout an already established
curriculum.
She thought that, as currently structured, the environmental topics were
disconnected from the main physics topics, she added,
We’re going to do some electricity stuff and then we’re going to stop and do an
environmental theme. And then we’re going to do some electricity stuff and then
we’re going to stop and have an environmental conversation. And so the
environmental pieces kind of get dislodged from each other because they’re just
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here and there. And so, we don’t really talk about the environment as one
curriculum piece or as one coherent topic.
But going forward Allison hopes to integrate more environmental topics with
more hands-on activities where students can connect easily. As she concluded, “I would
like there to be more hands-on activities with the environmental topics, because, for the
most part, the environmental component is reading, writing about that reading, and then
the students listening to information about the reading.”
Challenges Faced. One of the major challenges that Allison mentioned was lack of
background knowledge in environmental education. Despite having a lot of training in
environmental education, she still had challenges in some topics. For example, she said,
I do have a lot of background in the environmental stuff, but you know I don’t
understand the ins and outs of all the different pieces of that [environmental
issues] and so like, you know, when we talked about carbon capture. Well, I’ve
never learned anything about that ever before in my life before we taught it in this
class. I think I have an environmental background but I don’t have a specific
background in the topics that we’re covering.
To address this challenge, Allison recommended professional development for the
physics teachers geared toward specific environmental topics and collaboration among
the teachers to see what others are doing and how they are doing it. She stated, “I mean
that piece about the professional development where we really talk about learning content
as teachers learning content, we don’t learn any environmental content as a part of that
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professional development because of learning physics more.” She hopes well-focused
professional development will be useful, as she said, “I think if we had some ways that
were time efficient to have somewhere background if that would be helpful, like in our
last professional development day, we are trying to come up with activities to do for the
environmental stuff.” She hopes professional development like this would be helpful if
time and financial resources were available.
Another challenge that Allison identified was the difficulty students have reading
articles about the environment. She said, “One thing I struggle with is the kids don’t read
and so then when they haven’t done that piece, all the other pieces don’t fall in the
place.” In an attempt to engage the students, Allison started providing time to read in
class. She would love to have more hands-on activities to provide more opportunities to
engage students. She stated,
They’d still do their writing outside of class, but they do their reading in class. So
in the future, I would like to do more hands-on activities maybe find more
alternatives for ways for the students to gain a knowledge other than just reading
lengthy chapters or dense reading.
Citing an example of a demo activity she did [refer to second observation], she
particularly hoped that hands-on activities would engage students well. She mentioned,
“like the one activity I did when you came here with the pop bottles and the carbon
dioxide and I did it as a demo because I’ve never done it before and you know my first
inkling was, ‘oh, I’d really like all the students to do this.’” Allison also sought the help
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of a language arts teacher to help students with reading strategies. She mentioned, “I
worked with one of our language arts teachers to come up with strategies for the students
to better access the text that they were reading.”
Allison also had issues with students’ background knowledge in physics, science
and environmental topics. She felt that her students did not have enough background
knowledge in science needed to understand the environmental concepts. She said,
In all honesty, most kids [students] come to this class unfortunately and have
pretty little idea what physics even is, so I think they do get a sense of what
physics is from the class. I also think they come to this class with very little
understanding of environmental issues and so they are at least getting a start on
understanding some big environmental issues.
But on the positive side, Allison has not felt any push back from students on
environmental issues, at least from what they learn from the popular media, she
mentioned,
I have not felt much push back from the kids about doing the environments topics,
you know. So, I think 10 years ago, if we were doing this, like talking about
global warming and things that the kids [students] would push back because that
push back was kind of part of the popular media, you know, oh global warming is
not really true, etc. etc.
Allison also identified time as another challenge—both having enough time to
plan for environmental topics and lack of class time for students. She made it clear, “I
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find time a challenge in multiple ways. I find time as challenge in terms of the amount of
time that we have in class to work on the environmental topics. I find time and
challenged in terms of what time are the students going to put into it outside of the
classroom.” She added,
You know, the kids’ [students’] one hour on one day that we talked about the
environment. One hour, we’re not going to talk about it again for another two
weeks or week and a half, or, you know, whatever it is, and so, another challenge
I feel is, I mean the environment is such huge topic for such a short time.
She also added, “So we’re learning a very minimal deep amount of information on a lot
of stuff and we don’t go very in depth on any particular thing. Finally, Allison mentioned
lack of sufficient funds to support hands-on environmental activities.

Case II-John
John had taught for 15 years in a variety of roles. As an undergraduate student,
John started teaching at a museum where he realized that he liked teaching, and during
this time he really liked nature, animals, and science. John started as a middle school
teacher before becoming a high school teacher in biology and physics. Over time John
has developed an interest in botany and astronomy and he has been studying these areas
on his own. Originally, John trained in ecology and evolution behavior, and then he
proceeded to get a Master’s degree in science education. With additional course work
John was licensed to teach physics.
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The School
John teaches in an inner city public school with 1,754 students, 59% of which are
minorities (American Indian/Alaskan Native 7%, Asian 5%, Black 30%, Hawaiian
Native/Pacific Islander 0.1%, Hispanic 17%, two or more races 1%). The Physics by
Inquiry class that I observed had 21 students with five girls and 16 boys. 55% of the
student population comes from low social economic status. The Physics by Inquiry is an
elective course in this school that is open for seniors and juniors.

The Classroom
The classroom where John taught was oriented toward John’s desk and a
whiteboard mounted to the front wall. John’s class periods were 55 minutes long. Along
the edges of the classroom were laboratory tables fitted with piped water and gas.
Students sat at individual desks in the middle of the class. The classroom is on the third
floor of the building with other science classrooms.

Overview of Integration of Environmental Issues in Physics
During the observation period John was teaching properties of matter unit and
lightand optics topics in his Physics by Inquiry class (CIS Physics). John tailored
environmental materials and activities to students’ interests and the topic being covered;
for example, he would do debates that elicited students’ interests in topics like pollution
like air pollution and how it affects visibility and air quality. John included environmental
topics once a week and sometimes twice depending on how much time the activities
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demanded. For example, in one class period he might have students read and discuss an
article, and then have a debate on the same topic the following period.
John mostly led the class in a whole group discussion by providing a focus
question and some probing questions throughout the discussion; he would also lecture
occasionally. In one discussion, John focused on greenhouse gases and discussed the role
of carbon dioxide in the greenhouse effect and how to reduce its concentration. In another
discussion, John focused on conservation of energy and nuclear fusion. He expanded this
to types of nuclear fusion and their advantages. During another class period, John also
discussed how science and society affect each other in regard to fusion research. Table
4.2 provides a schedule for the Physics by Inquiry and environmental topics that John
covered. A total of three observations were done in John’s class. Each class period was
55 minutes long.
Table 4. 2
A schedule showing topics and activities that John taught in two physics topics and
environmental topics.
Unit 1 Electric Circuits (EC)/ Environmental impact of electricity generation
Week1
Lab: The Game of Science
Mini-lecture (ML): Motivating question: How is energy generated and what is the impact on
the environment? How can these impacts be minimized?
Week 2
Lab: EC 1 and 2
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ML 1: Basics: What is electricity? What are the physics concepts of current? voltage? power?
energy?
ML 2: Electricity generation: What are the different methods by which electricity is
generated?
Week 3
Lab: EC 2 and 3
ML 1: America’s energy profile: How much electricity is generated by each of the different
methods? How is the electricity used?
Week 4
Lab: EC 4
ML 1: Environmental impact: What are the environmental impacts of energy generation? How
much and what types of pollution result from the generation of electricity?
ML 2: Energy efficiency: What are the largest sources of energy use? How can energy use be
reduced most efficiently?
Week5
Lab: EC 4
ML 1: Policy: What does America’s energy policy look like? How is it used to
encourage/discourage different methods of energy production or conservation? How has it
impacted the environment?
Unit 2 Properties of Matter (POM) / What does it mean to conserve?
Week6
Lab: POM 1
ML1: Mass Conservation – a physics perspective
ML 2: Balancing Economy and environment
Part 7
Lab: POM 2
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ML 3: How nuclear power plant works using E=MC2
Week 8
Lab: POM 3 and 4
ML 4: Fusion now and in the future

Week 9
Lab: POM 5 and 6
ML 5 : Ocean level uncertainty.
Week10
Lab: POM 7 and 8
ML 6: Uncertainty and the greenhouse effect.
ML 2: Burning and regeneration – How is mass conserved?
Mini Unit

Environmental Scientific Proof

Future of environmentalism: How has the public perception of environmentalism evolved and
what are its prospects in the future? What is the role of science in social movements like
environmentalism?
ML 1: Shifting paradigms: How has the development of environmental science affected the
paradigms under which science is performed?
ML 2: Standards of proof: How has the development of environmental science affected
scientific standards of “proof” and environmental policy?

Observations
First Observation. John started class by explaining to the students the importance of
note taking before asking the students to discuss an article they read about the importance
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of learning. John then proceeded to introduce the topic of global warming. “What is the
greenhouse effect and how does it work?” John asked students.
Student 1: It is carbon dioxide.
Student 2: It is light that is reflected back to space.
The second student seemed to know what the greenhouse effect is, and John
explained greenhouse effect as “the trapping of the sun’s warmth in a planet’s lower
atmosphere due to the greater transparency of the atmosphere to visible radiation from
the sun than to infrared radiation emitted from the planet’s surface.” Then a student
asked, “What are we doing about it?” John explained that the government has passed
laws on greenhouse gas emissions and brought this awareness to his students.
Next, John talked about the basic ideas and reasons behind global warming. In
particular, John talked about infrared (IR) radiation and how it causes global warming,
adding that greenhouse gases absorb a lot of IR radiation. This radiation is re-radiated
evenly in all directions and the earth absorbs energy from the sun. John illustrated that the
sun’s light is composed of ultra violet (UV), visible light, and infrared radiation and that
this is the radiation trapped in the lower atmosphere, causing global warming.
Next, John explained why it is important to learn about greenhouse gases (GHG)
and then showed on the screen projector a Physics Education Technology (PhET)
simulation on global warming that helped students understand the concept of global
warming (https://phet.colorado.edu/en/simulation/legacy/greenhouse). The PhET
simulation showed the changes in GHG and students were surprised to see the differences
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over time. Then one student asked “what do we do about it?” John answered that the use
of clean and renewable energy will help reduce greenhouse gases such as carbon dioxide.
John handed out a worksheet, which he explained had questions about the
greenhouse effect and carbon dioxide capture. Students started working on this worksheet
quietly, seemingly engaged. After the worksheet was done, John introduced a video
about: “How does carbon capture and storage work?”
(https://www.youtube.com/watch?v=ROEFaHKVmSs ). This video highlighted how the

carbon dioxide that is produced from activities like burning coal is directed deep
underground and captured there. It also highlighted key methods of carbon capture and
storage used worldwide. The video described three ways carbon dioxide is captured and
stored: pre-combustion carbon dioxide capture, post-combustion carbon dioxide capture,
and oxyfuel. In the pre-combustion capture, coal is combined with oxygen to create
carbon monoxide and hydrogen, and the water is added to make a reaction that results in
hydrogen and carbon dioxide. The carbon dioxide is safely captured for storage
underground while the hydrogen is burned to produce energy in the form of fuel for cars
and electricity. In post-combustion capture, coal is burned normally, but the smoke
produced is directed in an absorber column that is filled with amines, which absorb the
carbon dioxide before it enters the atmosphere. Superheated steam is then passed through
the chimney, which moves carbon dioxide that can be safely captured to the ground.
Finally, in the oxyfuel process, nitrogen gas is separated from air, leaving pure oxygen to
burn, which produces carbon dioxide and water vapor, and this combination is used to
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generate electricity. Afterward the water vapor is cooled, condensed, and removed with
the remaining carbon dioxide being captured. All the carbon dioxide that is captured is
then compressed in high pressure, which turns it into a liquid that can be transported to a
storage site either by road or by pipelines to be stored safely and permanently in a process
known as geo-sequestration. After this video, John gave students a worksheet on the
video that asked questions like: what is USA’s global role in carbon capture? (Appendix
E)
After answering questions from the worksheet, there was a class discussion on
carbon dioxide capture and storage. During this discussion students said that this capture
was like sweeping dust under the carpet that will resurface again, and they thought it
looked like an expensive process. At this point John asked the students what should be
done to make the process cheap and one student responded that there should be tax
reductions for companies that use clean and renewable energy sources. John then asked
the students what should be the United States’ role in carbon dioxide capture and storage.
Some students thought that the USA has no money to facilitate carbon capture alone, but
instead should encourage other countries to do the same. However, other students said
that USA should provide technologies, build infrastructure, and introduce restrictions to
other countries that do not obey standards. The class came to consensus that some
countries are at different levels of industrialization, so some countries should take more
responsibility in the fight against carbon dioxide emissions. Some countries are doing
less production and therefore have less of an obligation to contribute to the fight of
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carbon dioxide emission as compared to industrialized countries. John summarized the
discussion by talking about economics and carbon tax. Finally, John gave the latest trends
in carbon content of fuels and percentages of carbon emissions. Class ended with John
posing the question: What should the money collected from carbon tax be used for? The
students were expected to research and come up with suggestions in the next class period.
Second Observation. Class started with John introducing the topic “what is meant to
conserve” by talking about the law of the conservation of energy and demonstrated how
mass is conserved by a nuclear reaction equation. He then asked the focus question of the
day: Should we invest in research for nuclear fusion? John explained to the students that
they would debate this key question in the next class period.
During the previous class period, the students were assigned a reading about
nuclear energy generation for today’s discussion, and John gave the students five minutes
to recollect their thoughts about the reading. He posted two questions on the white board
for students to consider: What were the main points of the reading? What did you think of
the reading?
Students quietly read and reconstructed their ideas. John gave a 20-second
warning, then asked the students to share their thoughts. Various students gave key ideas
on what they read about:
Student 1: The article explained what fusion is and how it works.
Student 2: I learned about cold fusion.
Student 3: The sun is basically the source of energy.
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Student 4: Economics played role in nuclear reaction, I learned that it is cheap to
keep the reaction going.
Students turned in summaries from this reading and John read some quotes from the
students out loud. One student mentioned that, “People fear nuclear reaction as being
associated with death.” Another student noted that, “nuclear fusion as an energy source is
the solution to energy crisis and air pollution.” Then John discussed the debate topic,
“Should we insist on research for nuclear fusion?” Students were to debate this topic in
the next class period.
John transitioned the class to a lecture where he gave an overview of the relative
mass of subatomic particles. He displayed a nuclear reaction equation (411H →4 1He + 2 0
+1e)

on a PowerPoint slide and asked students to talk to their neighbor about what was

happening in the reaction. Using this example of a reaction, John demonstrated how
fusion takes place. From the equation, John talked about mass energy equivalence to
indicate that atoms are unstable. He further used an example of helium to show how
energy is produced through nuclear reaction.
After this lecture John went over advantages of electricity generation from
nuclear reaction with students asking questions about cost, durability, and types of
nuclear reactors. John used pictures of nuclear reactors to explain nuclear fusion and
allowed time for students to talk among themselves about generation electricity through
nuclear fusion. John concluded this discussion by mentioning that there are two types of
nuclear fusion: beam fusion and muon catalyzed fusion. Class ended with a student
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asking if there is a clear force that holds the atoms together that result in nuclear fusion.
John made this part of research questions that students were going to research and discuss
in the next class period.
Third Observation. Class started with John asking if anyone had anything to share from
the weekend and three students shared their weekend experiences. Next, John went over
the discussion about fusion from the previous week. “Today we will look at how science
and society affects each other in regard to fusion research,” John said, while pointing at
three questions projected on a PowerPoint. The three questions were: What are the major
scientific discoveries that happened recently? What are the greatest discoveries of our
time? Should we invest in fusion research? John gave students time to write down these
questions and come up with answers.
After discussing the questions, John turned to a TED talk video by Brian Cox
(http://www.ted.com/talks/brian_cox_on_cern_s_supercollider). Brian Cox works at
“Conseil Européen pour la Recherche Nucléaire” [French], or the European Council for
Nuclear Research (CERN) in Geneva on the ATLAS experiment, and studies the forward
proton detectors for the Large Hadron Collider. This 14-minute video was about a
gigantic supercollider and particle physics. He also explained the 12 particles that make
up the universe and the evolution of these since 13.7 billion years ago. After the video
John asked the students what they thought about the video. One student responded,
“Astronomy is humbling.” Another student said that physics is universally practical and
he was surprised by the size of the supercollider.
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After these random thoughts from students about the video John mentioned that
politics also affect scientific research, and expounded that politics can affect international
relations and priorities of a government. Then John played another video clip “we chose
to go to the moon” (https://www.youtube.com/watch?v=th5A6ZQ28pE). In this video
clip, President John F. Kennedy provided his rationale for the first lunar exploration
program in the U.S. at Rice University in 1962. After this inspirational video, John said
that politics also plays a role in funding research. For example, in U.S., he mentioned that
the government currently spends the largest share of its money in defense, and not much
of it in science, especially environmental research.
After this presentation John asked students if they think we should still pursue
fusion research. This question led to the next class activity in which the remaining class
time was dedicated to students debating the advantages and disadvantages of investing in
fusion research. Among the advantages of fusion research that the students mentioned
were: Fusion research will lead to clean and powerful source energy and we should do
more research into renewable energy, and it is a good way to diversify our energy
sources. For those who were on the disadvantages of fusion research, they gave various
reasons such as: We don’t know how much fusion can last and how that energy can be
produced, and it is really expensive, so we shouldn’t risk a lot of money in it, instead we
should explore other forms of energy sources.
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The Interview
John participated in one interview that lasted for 40 minutes after all of the
observations were completed. He was interviewed on his experience and challenges in
integrating environmental issues in physics.
Preparation to Teach Environmental Topics. John had 15 years of teaching experience
in physics and biology. John has a bachelor’s degree in ecology, evolution and behavior
and he has a master’s in science education. John became interested in physics and
astronomy after taking an astronomy class, he recalled, “I became really interested in
how stars evolve and just kind of became interested in origins.” This led him to take
classes like quantum physics, and electro-magnetism and sound, as he was learning
physics in his spare time. Eventually he became a physics teacher after meeting all the
requirements for licensure.
Motivating Students in Physics. During the interview, I asked John how he motivated
his physics students. He responded,
“I do a lot of questioning, I have them [students] predict things, I have them create their
own experiments, their own ownership on that as well as well like, and they’re doing
what I can do to generate curiosity.” John further explained that in topics such as
astronomy and particle physics the students might not understand if you do not provoke
some sort of curiosity. For example, he mentioned that “you don’t want to overwhelm
them” with a lot of materials, just give them little by little to generate that curiosity to
learn more about a specific phenomenon.
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When I asked John asked whether environmental topics played any role in
generating students’ interest and motivation in physics, John responded that it worked
differently for different students. He said:
I think some students, like maybe 60-75% of them see more relevance in the
physics, to some it is more of a stretch. For example if we go by Physics by
Inquiry, in topics like electricity and circuits or properties of matter they might
not see some of those environmental connections clearly.
When I asked John how he determined that the integration of environmental
topics he responded that it was a stretch to some of his students and he noted, “that is
some of the feedback I got from a couple of students, but most of them seem to like it.”
From his past experience John believed that some improvements need to be done in
planning and engaging more students in environmental topics.
Teaching Strategies. John described his past experience with incorporating
environmental topics in physics; he explained that the first year he had to get new
teaching strategies to engage the students, particularly in this class his new strategies
included: mini lectures, open discussions, and debates. John recalled:
I liked doing the like mini lectures and I especially liked doing debates and I think
students really liked them [debates], and this year, too, they really like having the
debates and they like having those open discussions. I think it kind of lends itself
maybe a different to the type of student that would normally be turned off by
physics.
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Additionally, John looked for materials that were tailored to students’ interests and those
that the students could easily connect with. These included: YouTube videos, journal
articles, customized worksheets (Appendix E), journal articles (Appendix F), and
PowerPoints (Appendix G).
Role of Environmental Topics in Physics. During the interview John mentioned that
integration of environmental topics in physics acted as bridge between physics and what
the students can do with it in real life to solve real problems. He said, “In Physics by
Inquiry, it’s like they learn communications skills, they learn about organization and just
general everyday thinking arguments on environment, scientific arguments on the
environment and possible solutions on environmental problems.” John also mentioned
that in his teaching he tried to match environmental topics with the physics concepts he
was teaching. He said,
I just start a unit, like conservation of mass; as we do properties of matter in my
class. When we discuss about balance, we talk about like ecological balance, we
also talk about mass balance within a niche. A big part of properties in matter is
uncertainty, and when we speak about like environmental uncertainty it seems to
fit naturally for example, we don’t know exactly how high the waters are going to
rise which was one theme in the last lecture I had. And we also don’t know how
warm it’s going to be. But to understand that, there is an uncertainty, and so that
seems to be part of the curriculum that we should master well.
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John further recalled more examples he really liked that gave his students more relevant
connections between environmental topics and physics. He said,
I just really like the, the part about energy conservation and conversation laws. It
fits in well with the curriculum, because students did experiments with
conservation of mass because when you talk about conservation of mass, well,
you got nuclear equations set so it’s like there’s a big connection between
conservation of mass and nuclear fusion.
John also mentioned that he started incorporating environmental topics in other classes he
was teaching. Like in ninth grade science, he said, “We study kinetic and potential
energy, and we had conservation of energy debate too, but not to the same degree as
Physics by Inquiry.”
John also informed me that he gave his students a survey (see appendix J) to find
out what they thought about environmental topics in the Physics by Inquiry class. He
said, “From the survey it looks like they [students] found that the environmental
integration was useful. They were asked, in a scale of one to five whether having
environmental integration was useful in their learning of physics—one strongly disagree
and five strongly agree, it shows like two of them strongly agreed, two of them disagreed
and 17 agreed” Then John quickly added, “I think that they, it, it would help our students
that have more of an open attitude towards it and be able to make it the ultimate goal that
they would make informed decisions.”
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Integration Strategies Used. In going about the integration of environmental issues in
his class, John applied various approaches throughout his teaching. John allowed his
students to pick environmental topics that they were interested in and debate these topics.
John said the debates were just for “breaking up the lab fatigue and giving the students
something different to do.” On somedays, John said that he basically gave them a choice
of what they wanted to do, like book readings and discussions. For example, John said at
one point he asked his students if they wanted to do astronomy by sight or do they
wanted to do the unit lectures.
John further mentioned that he tried to base his instruction on students’ feedback.
He said, “We have done like, create your own project, that’s what came out this year, that
my students liked.” John said that this kind of approach has made the students take
concepts to a higher level of understanding. He said,
They really like the, Physics by Inquiry but they thought it wasn’t thorough
inquiry because they weren’t asking the questions. So we did, like a week where
they, they took one part and, stretched it. They created their own experiment
basically and presented it to the class.
I asked John how he planned to teach the environmental topics and John said, “I
do a lot of it on my own.” Then he added that occasionally he co-planned with a ninth
grade teacher, John said, “he [9th grade teacher] does like kind of ninth grade and, and we
talked about some of the environmental ideas for physics so he helps with a little bit but I
kind of, find stuff, like articles, videos on my own”
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When I asked if John was integrating environmental topics in other classes he was
teaching, besides Physics by Inquiry he said,
Yes, in my physical science class we just did chemical reactions and chemical
properties and we talked a lot about the Flint, Michigan and that was something
that means some methodical plan. But it was just like a metal replacement we’re
really looking at ideas of like what happened in Flint, Michigan. What caused
those things [pipes] to rust? And so what kind of pipes should be used.
John said this led to investigating metal rusting and causes of rusting, he said “Yeah.
Flint, Michigan and water led to us talking about like, metal replacement, type of things
but we related it to the rusting pipes.”
Challenges Faced. One of the major challenges that John mentioned was he felt that the
integration of environmental topics in the Physics by Inquiry class was kind of a stretch
for the students. He said, “Because if we’re just talking about fundamental properties of
matter and, well then you go into like nuclear physics, I guess, it’s kind of technical.”
John particularly elaborated this challenge by citing an example where he said:
And if you talk about like mass balance and, and balancing of economy versus the
environment like some students are like, well, that’s kind of a stretch. I mean it’s
kind of the same idea but it is a useless kind of a metaphor from what’s
happening.
John also cited time as a challenge, he said, “Teaching environmental topics can
sometimes be time constraining it will take a lot of time and we don’t have enough
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materials” Then he added, “I mean to really do it robustly, I think, you know, we have to
spend some time really thinking about, how it could connect.”
Another challenge that John mentioned was the lack of financial support, he said,
“Sometimes, you feel like, ‘oh, I need to take these kids to a field trip to see something’
and then maybe, financially you are not supported.” John further mentioned that if he had
resources he would engage students in building something like a mud battery or an
electric car or a solar phone charger. He concluded, “The bottom line is to really have the
resources to build and redo something like that”
John also cited that some of the materials that he incorporated in this class needed
teachers to have some content background before teaching them. He noted, “I’d say
maybe more like only environment part if, if we want to go further and have and do that
kind of professional development on environment part.”
John suggested that teachers teaching this course should come together and
discuss these environmental topics and see how to make connections one by one. He said
“like what they think about it, and what kind of materials are needed and, what materials
you are having them [students] read and what kind of questions are you asking about
them?” With this John believes that it will save a lot of time and make integration of
environmental topics easier and more productive.
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Case III- Paul
Paul retired from the United States Army in 1995 and then went to school to
become a teacher as his second career. While serving in the military, Paul enjoyed
working with younger troops and helping them become non-commissioned officers. Also,
the technical side of his job in instrument calibration and repair got him interested in
physics, so after retiring he earned an undergraduate degree in physical science. After
graduating Paul got his first teaching job and he has been teaching for 18 years. He has
been teaching same school for 16 years. Paul also got a Master’s of science education
with physics emphasis, which he attained while still teaching. After 18 years of teaching,
Paul plans to retire and do some traveling following his time in this study.

The School
Paul taught in suburban school with a total of 442 students of whom 2% are on
free and reduced lunch. The students were 49% female, and 51% male; 67% of the
population is white and the rest being minority (Asian/Pacific Islander 19%, Black 5%,
Hispanic 4%, two or more races 4%). The Physics by Inquiry is an elective course in this
school that is open for seniors and juniors.

The Classroom
The classroom where Paul taught was focused toward Paul’s front desk and a
smartboard mounted to the left side of the classroom. Paul’s class periods were 54
minutes long. Along the edges of the classroom were laboratory tables with white tops
fitted with piped water and gas, and two students per table sat in the middle of the class.
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Attached to the classroom was Paul’s small office and storage room. The classroom is all
fitted with white and maroon tiles with two entrance doors and one door to the storage
room. The Physics by Inquiry class that I observed had 22 students with 10 girls and 12
boys.

Integration of Environmental Issues in Physics Overview
During my observation period, Paul was teaching properties of matter, electricity
and circuits in his Physics by Inquiry class, while incorporating topics related to
environmental issues. Paul included environmental topics once a week and he would
normally start with a lecture on environmental topics for the first half of class and then
during the other half of class the students would work on their Physics by Inquiry labs
without any integration of environmental topics.
The environmental topics that Paul taught in his classroom were selected to align
with the big physics topics that he was teaching. For example, in one class period he
talked about environmental impacts and the generation of electricity, which was aligned
to the physics topic electricity and circuits. He mentioned that if wires are not well
connected and are loosely hanging it could be an environmental hazard. In another class
period, he talked about solar energy and solar thermal energy, where he mostly focused
on the trends of the use of solar power since the year 2000 and the considerable increase
in its use in 2012. During another class period, Paul talked about solar panels and how
they work. In the sections below details about these class observations are discussed in
depth. Table 4.3 below shows the physics and environmental topics that Paul covered. A
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total of three observations were done in Paul’s class. Each class period was 54 minutes
long.
Table 4. 3
A schedule showing topics and activities that Paul taught in two physics topics and environmental
topics.
Unit 1 Electric Circuits / Energy Generation and its Environmental Impact
Week 1
Mini-lecture (ML): Motivating question: How is energy generated and what is the impact on
the environment? How can these impacts be minimized?
Lab: Electric Circuits (EC) 1
Journal #1
Week 2
ML 1: Basics: What is electricity? What are the physics concepts of current? voltage? power?
energy?
ML 2: Electricity generation: What are the different methods by which electricity is generated?
Lab: EC 1 and 2
Journal #2
Week 3
ML 1: America’s energy profile: How much electricity is generated by each of the different
methods? How is the electricity used?
Lab: EC 3
Journal #3
Week 4
ML 1: Environmental impact: What are the environmental impacts of energy generation? How
much and what types of pollution result from the generation of electricity?
ML 2: Energy efficiency: What are the largest sources of energy use? How can energy use be
reduced most efficiently?
Lab: EC 4
Journal #4
Week 5
ML 1: Policy: What does America’s energy policy look like? How is it used to
encourage/discourage different methods of energy production or conservation? How has it
impacted the environment?
Lab: EC 4
Journal #5

Unit 2 Light and Color (LC) / Light Pollution and Solar energy
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Week 6
ML 1: Motivating question: What is light pollution and why should we care?
ML 2: Health effects: What effects does light pollution have on individual animals and
humans?
Lab: Light and Color (LC) 1 and 2
Journal #6, Mini-paper 1
Week 7
ML 1: Ecosystems: What effects does light pollution have on ecosystems?
ML 2: Future prospects: What are the prospects for technological solutions to light pollution?
What are the policies surrounding light pollution?
Lab: LC 2 and 3
Journal #7
Week 8
ML 1: Motivating question: How does solar energy work and what are its prospects for
becoming a significant source of energy? How do we get electricity from thermal solar
energy?
Lab: LC 4 and 5
Journal #8
Week 9
ML 1: Photovoltaics: How do we get electricity from photovoltaic solar cells? What are the
environmental impacts of solar energy?
ML 2: Public policy: What are the policies relevant to solar energy? How have they evolved
and spurred development in solar technology?
Lab: LC 6
Journal #9
Week 10
ML1: Solar cell technology: How has the technology for generating electricity from solar cells
advanced? What are the prospects for the future?
Lab: LC 7
Journal #10

Observations
First Observation. During the first observation, Paul was talking about environmental
impacts and the generation of electricity. He started talking about fuel and some of the
gases that are produced from burning fuels and their environmental impacts. He
mentioned that sulfur dioxide and carbon dioxide are mostly produced by burning fuel
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mixes in the air, and when it rains it forms acid rain, which is detrimental to the
environment and life. Also Paul mentioned that burning coal produces coal ash, which
has mercury, lead, and arsenic that cause neurological damage and heart disease human
beings. Students were quietly listening and some seemed shocked about these effects.
Paul mentioned that it is poor people who live close these power plants and therefore get
affected the most. He went on to note that the water used in running turbines is obtained
from nearby water sources and plants discharge coal ash into these water sources. Paul
showed the class a picture of coal ash being discharged into a lake.
Paul then changed topics to nuclear power generation and its impacts on the
environment. He started by explaining that disposal of nuclear waste water into bodies of
water leads to elevated water temperatures, thus affecting the ecology of living creatures
in water like fish. He said that in the U.S. there is currently no central regulation for
nuclear water disposal.
Paul then asked students to contribute what they think would be the disadvantages
of central nuclear storage. Students mentioned among the disadvantages would be
difficulty in safe transportation to a central place; a central place would be an easy target
for terror. For the case of nuclear waste water central disposal it would result in raising
water temperature if one place were designated for all nuclear waste water disposal.
After this presentation Paul switched to hydropower and went through some of
the environmental impacts of hydroelectric power generation. He mentioned that water
accumulation to form a dam changes the ecosystem of surrounding areas, leading to
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migration and displacement of human beings and animals. He gave an example of
China’s Three Gorges Dam that flooded archeological sites, displaced over 1.3 million
people, and increased the risk of landslides in 2012.
Next, Paul went on to wind and solar energy generation and their environmental
impacts. For wind energy he mentioned that it leads to deforestation because fields have
to be cleared to install wind turbines with good wind flow without obstruction from the
trees. He also mentioned that wind turbines and solar panels have a visual impact on the
landscape, and moreover wind turbines kill birds. In addition, he pointed out that some
materials such as lubricating oil that are used on wind turbines cause air pollution.
On the distribution of electricity, Paul highlighted the environmental impact, and
in particular he mentioned wires that are not well connected are an environmental risk
and he showed a picture (see appendix H) of dangerously hanging wires that were
transmitting electricity in a residential area. He also added that distribution of energy over
a long distance could lead to energy losses. As class ended Paul gave students assignment
to research: carbon tax, cap and trade, carbon dioxide sequestration and greenhouse effect
for the next class period.
Second Observation. As class started, Paul gave a lecture on solar energy and solar
thermal energy. Paul mentioned that solar is an incredible source of energy because a
large percentage of the Earth’s surface gets access to the sun’s rays and power at Earth’s
surface is about 1 kW/m2. Paul shared trends in growth of solar energy from the year
2003 to 2012 using a graph that showed different countries’ growth in the use of solar
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energy. Using other graphical data, Paul pointed out that the world’s total consumption of
solar energy in 2010 was at 0.23% out total of 16.7% of the renewable energy sources.
From these energy production trends, Paul proceeded to talk about the advantages
of solar energy. He mentioned that solar has no pollution, and it can be generated at any
point and also that the sun is free, reliable, and solar energy needs low to maintenance
cost. On the disadvantages, Paul mentioned that solar power can be effective only on
sunny days, and it is also expensive to install in terms of architectural needs.
Paul then transitioned to solar thermal energy where he started by talking about
concentrated solar power (CSP) and he mentioned that sun is concentrated on some
transparent tubes through which a liquid circulates. The liquid is heated by the sun to
between 500 °F (260 °C) and 1000 °F (540 °C) and then stored in insulated tanks. When
needed, liquid is used to turn water into superheated steam that then runs a turbine to
create electricity. Liquid is usually a kind of salt (low cost, non-flammable, non-toxic,
and commonly used in other heat transfer processes). Paul also explained the parabolic
and tower design, and he connected this to the Carnot cycle in physics where he
mentioned that the parabolic and tower design were taken after the Carnot cycle to help
conversion of heat into useful energy. Last, he talked about the advantages of solar
thermal energy as having theoretically higher efficiency than PhotoVoltaic solar and that
it can store heated salt to generate energy when there is no sun or at night. On the
disadvantages, he mentioned that it is expensive and kills a lot of birds. Then he ended
this presentation asking students to sit in their groups to do the physics inquiry labs.
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Third Observation. Paul started the lesson by introducing solar energy from
photovoltaics. He talked about silicon atomic structure and silicon-band structure. On the
silicon (Si) structure, he mentioned that each Si atom ([Ne] 3s23p2) has four valence
electrons. In a Si crystal, it is bonded to four other Si atoms.
On the silicon-band structure, he mentioned that in the covalently bonded Si
crystal, the filled and unfilled orbitals form a collection of energy states called the
“valence” and “conduction” bands, respectively. If light of sufficient energy (the “band
gap” energy) is shined on the silicon, an electron can absorb the photon and free itself
from the bond, leaving behind a positive “hole”.
Both the electrons and the holes they leave behind wander about the crystal. Holes
move when an electron from a neighboring covalent bond hops over to take the place of
the electron that was liberated. When an electron/hole encounters another hole/electron,
the pair can recombine, releasing energy (the band gap energy). If we want to use the
energy of the separated electron and hole in a useful way, we must get them to move out
of the crystal in opposite directions, creating a current.
Paul further explained how the p/n junction works by noting that by putting ptype next to n-type material—a p/n-junction—solar cells are made.
Paul further explained that a typical solar cell is about 200–300 microns thick.
The top contact is often laid in a grid so that sunlight can reach the silicon. He showed
the class a picture of a solar cell. Then he talked about improvements on the solar cell
that included: improvements in Si like using purer and more homogenous material,
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improvements in material interfaces, and improvements in optics like the use of
antireflective coatings and textured top surfaces (increased effective thicknesses). Paul
concluded this presentation by talking about future designs that can use new
semiconducting materials and graded band gap cells, then he allowed students to work in
their groups on the inquiry physics labs 25 minutes of lecture.

The Interview
Paul participated in one interview that lasted for 40 minutes after all of the
observations were completed. He was interviewed on his experience and challenges in
integrating environmental issues in physics.
Preparation to Teach Environmental Topics. Paul took up teaching as a second career
after retiring from United States Army. During his time at the military he liked working
with young troops, which led to easily take up teaching as a second career, he recalled,
“When I left the military I thought what I enjoyed the most in the military was working
with younger troops and worked in instrument calibration and repair, which got me
interested in physics.” Paul had a bachelor’s degree in physical science and a master’s in
science education with a physics emphasis. Paul had no training on environmental
education prior to teaching this course. At the time of this interview, Paul planned to
retire after 18 years of teaching.
Teaching Strategies. Paul described the Physics by Inquiry class as “a very cool way to
learn” where he thought students learn well by doing and not from the text. He said,
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This is very much guided inquiry. They [students] can’t learn anything from
reading the textbook, but where the learning comes in is when they do the
experiments that the textbook walks them through ... and the textbook leads them
towards those ah-ha moments when they form the correct understanding of
physics and overcome their misconceptions.
Most of the time Paul used guided inquiry to teach physics concepts. On asking him how
he incorporated environmental topics in his class, Paul said that he gave separate lectures
on environmental topics and separate assignments and projects. For example, he gave
students a journal assignment for environment and a lifestyle project (see appendix D).
On his experience from these environmental assignments and projects Paul said,
I was struck by some of the comments in the environmental journals... how little
students really knew about issues and how surprised they were at certain things.
Like, the connection between fossil fuel burning and global warming. And the use
of nuclear and how that actually worked. The lifestyle project is where I was
amazed at how many of them [students] took 45-minute showers. That just
floored me.
Environmental Topics in Physics. During the interview Paul mentioned that integration
of environmental topics in physics might lead to students to change their lifestyles and
perceptions of the environment. For instance, he believes that their small contributions
might have a huge impact on the environment. He said “a small change in their lifestyle
could have a pretty big impact in their carbon footprint.” Paul mentioned that he wanted
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to assess how many changes the students actually made after learning about the
environment to see the impact. He said:
I often wanted to add some sort of journal question, now late in the year, referring
back to that project, and see how many of the changes that they did... they
actually made long-term and did a lifestyle change. Or how many of them have
just gone right back to their old ways. I have a feeling it’s probably almost
everybody. But it might surprise me. I would be very interested to see if any of
them have changed or if any of them have talked to friends, family, somebody
else about the project and if they have been able to influence them and if this is
something we can do on a grassroots level to actually, make a change.
Paul also taught students that little changes in lifestyle can have a large impact if you get
everybody to do them. He also believed that the students understood how fragile the
environment is. He said “when we look at what’s happening in the Arctic, they were very
surprised when they did the research and found those things happening.”
Interestingly, Paul thought that incorporating environmental topics in physics was
not a good idea. Instead, he thought they should be taught separately, he said, “There’s so
many topics that need to be covered in physics when you inject one more, it’s like
robbing Peter to pay Paul. Something has to go. I’d almost like to see a separate course
devoted to it [environmental topics] that was required subject. Not incorporating it into
the actual physics.” Paul further said that schools should have a required course like an
“environmental energy course” to create the environmental awareness.
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No Integration Strategy Used. When I asked Paul on how he integrated environmental
topics with the physics topics he was teaching, Paul said:
I really didn’t. I stopped what I was doing in the inquiry and did the PowerPoint
lessons that were developed by the university instructor and I had them [students]
do their journals. But there was really no connection. Loose connection with the
light and color when we did photovoltaics and that but only very loosely. It
seemed to work all right though. I think the students enjoyed it. The little break
from what they had been doing with inquiry.
By a little break, Paul explained that the students sometimes would get tired of inquiry
labs and they needed something else and thus the environmental lectures served well as a
break. I also asked Paul if he had any experience integrating topics before and he replied
that he had no such experience before.
When I asked Paul what he would do differently going forward he responded, “It
is pretty tough to integrate anything the way the curriculum is set. It will make sense if
environmental course was taught separately.” Paul further said that he would love to see
environmental science made an elective for all students, he said:
Make it [environmental science] an elective and teach it separately. I would love
to see it added as a required course in high school and that every single student
had four years in science starting in ninth grade... physical science, biology,
chemistry, physics... and then an environmental science.
When I asked him why he advocated for environmental science strongly, he said:
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Because it has such huge impact on student’s future and their children’s future.
The thirst for energy is only going to increase as the third world nations become
industrialized and if they aren’t brought along to minimize the impact on the
environment, it’s going to affect the entire planet.
Finally, I asked Paul if he found environmental topics useful in teaching his
classes and Paul responded that he believed that integration was like “robbing Peter to
pay Paul.” He believes that “it [environmental education] deserves a deeper coverage and
it deserves its own course not to force it elsewhere.”
Challenges Faced. Paul said that when faced with trying to integrate environmental
topics, one of the major challenges was time. He said:
Time and number of topics that are needed to be covered don’t match. Sometimes
this is your only shot. They’ll never have a course that talks about sound or
electricity, magnetism. These areas, you just don’t have time to cover them it is
just too much. If you go an inch deep and a mile wide, they learn absolutely
nothing. You have to focus and get deep and I find that if they get a gut feeling of
what force is going to do to a particle, overcome those misconceptions, that is
going to pay a lot of dividends later on when they do start getting into these other
subjects and help their physics understanding far more than if they covered them
very lately.
Paul also cited his own lack of background on environmental topics and
integration strategies as another challenge that he had to deal with. He believes that the
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environmental topics are “rapidly changing and teachers need to have professional
development on this topics all the time. He said, “It’s something that a physics teacher or
a chemistry teacher should incorporate in their normal professional development.”
Paul also mentioned lack of funds as a challenge to implementing a good
integrated curriculum. He said:
With funds I would like to be able to incorporate more alternative energy-based
actual experiments and not just research stuff. How can we take a system and say
OK, how can we improve efficiency of this? What can be done? What has been
done? Maybe some sort of inquiry built around that.

Summary of Chapter 4
Chapter 4 presented the five teacher cases for this study. This section I provided a
brief summary of each case. Allison taught electricity and circuits physics topics while
incorporating environmental topics such as: renewable energy, production and
distribution of energy, climate change and global warming. John taught properties of
matter, electricity and circuits physics topics while incorporating environmental topics
such as: nuclear energy, carbon dioxide capture and sequestration and global warming.
Paul taught light and color, electricity and circuits physics topics while incorporating
environmental topics such as: solar energy, nuclear energy, production and distribution of
electricity. Cross-case analysis will be presented in Chapter 5.
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CHAPTER5
Cross Case Analysis
In chapter 4 the details of the observations and interviews of each participant were
presented. In this chapter a cross case analysis is provided. Fogarty’s ten models of
integrating curriculum (Fogarty, 1991) were used to develop three codes (WSD, AD and
WAL) and four categories of barriers to environmental education (Ham & Sewing, 1988)
described in chapter 2 gave a structure for the cross-case analysis. Forgaty’s ten models
include: the fragmented, connected, nested, sequenced, shared, webbed, threaded,
integrated, immersed, and networked models. The ten models were further grouped into
those that integrate curriculum within a single discipline (the fragmented, connected and
nested models);those that integrate curriculum across disciplines (the sequenced, shared,
webbed, threaded, and integrated models) and then those that integrate curriculum within
and across learners (the immersed and networked models) as shown in Figure 2.1 in
chapter 2. In my analysis I used six of the ten models, these six models are: the
fragmented, connected, nested (WSD); shared (AD); immersed, and networked (WAL).
For the sake of this analysis, I adapted the framework developed by Fogarty
(1991), and classified integrated curriculum into three categories (single discipline, across
discipline, within and across learners) which embrace a variety of ways that the teachers
studied went about re-organizing and re-conceptualizing what they did in the classroom.
The following criteria and codes were developed:
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i)

Code WSD (Within Single Discipline).This code indicated that integration
occurred one single subject area.

ii)

Code AD (Across Disciplines).This code indicated that that integration
occurred across two or more subject areas.

iii)

Code WAL (Within and Across Learners). This code was used when one or
both of the following criteria was met:
a) Integration occurred within learners themselves.
b) Integration occurred across network of learners.
In looking at the teachers’ challenges and barriers to integration of environmental

issues in physics class propositions by Ham and Sewing (1988) were utilized as the basis
of analysis to examine the challenges and barriers that the physics teachers reported to
have encountered. The four categories of barriers to environmental education as
identified by Ham and Sewing (1988) are: conceptual barriers, logistical barriers,
educational barriers and attitudinal barriers.
In this chapter, I present the cross case analysis to answer the two research
questions:
1. How do Physics teachers integrate environmental issues in Physics by
Inquiry course? Specifically; a) what integration models and practices do
physics teachers employ in integrating environmental topics/issues in their
instruction? b) how do these integration models influence their
instruction?
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2. What limitations or barriers do physics teachers perceive to hinder the
integration of environmental topics in their curriculum? Why may the
Physics teachers not teach the environmental issues/topics as much as they
would like to?
This chapter is divided into three sections. First, I examine how and what the three
teachers integrated environmental topics in physics. Secondly, I will look at what
integration models and practices the three teachers used to integrate environmental topics
in physics instruction by referencing to the codes developed in chapter 3. Finally I will
examine the limitations and barriers that the teachers felt hindered the integration of
environmental topics in physics and what they think should be done or support that they
may need to teach the way they could like.

What is the nature of integration that Physics teachers used to integrate
environmental issues in Physics by Inquiry course?
This study sought to establish how physics teachers integrated environmental
issues in the Physics by Inquiry course that they were teaching by looking at the nature
and model of integration models they used. Since most of the environmental topics
materials were provided by the university instructor, the nature of integration that the
teachers used was contextual and mostly linked by common themes. Thematic integrated
instruction which aligns with AD puts the teaching of skills (reading, mathematics,
science, writing, social studies and other subjects identified) in the context of a real-world
subject that is both specific enough to be practical, and broad enough to allow creativity
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(John, 2015). Physics by Inquiry and environmental topics that were contextually
integrated by the participants are shown in Table 5.1.
Table 5. 1
Summary of Participants’ physics and environmental topics taught
Participant

Physics topics taught

Allison

Electricity and circuits

John

Properties of matter
Electricity and circuits

Global warming
Greenhouse gases
Carbon dioxide capture and
storage
Energy conservation
Nuclear reactions and
nuclear energy
Science and society
Nuclear fusion and research

Paul

Electricity and circuits
Light and color

Environmental impacts and
generation of electricity
Coal ash disposal, nuclear
waste disposal
Hydroelectric power
generation
Wind and solar energy
Solar energy and thermal
energy
Solar energy from
photovoltaics
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Environmental topics
integrated
Fossil fuels
Renewable energy sources
Greenhouse gases
Global warming
Electricity production and
distribution

The following section discusses how and what the three teachers integrated
environmental topics in physics. The codes that were used to refine the findings of this
study are:
1. Within single discipline integration
2. Across disciplines integration
3. Within and across learners integration
4. Challenges and barriers to integration of environmental topics in physics
a. Logistical barriers
b. Conceptual barriers
c. Logistical barriers
d. Attitudinal barriers

Integration Models and Practices Used
In this section, I discuss in detail the integration models used by the three teachers
as they went about re-organizing and re-conceptualizing what they did in the classroom
based on the following criteria and codes:
i)

Code WSD (Within Single Discipline).This code indicated that integration
occurred one single subject area.

ii)

Code AD (Across Disciplines).This code indicated that that integration
occurred across two or more subject areas.
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iii)

Code WAL (Within and Across Learners). This code was used when one
or both of the following criteria was met:
a.

Integration occurred within learners themselves.

b.

Integration occurred across network of learners.

Within Single Discipline Integration
The Within Single Discipline (WSD) integration approach involves integrating
multiple topics of the same discipline within one instructional setting (macro level) or
class period (micro level). In this study, the single disciplines are considered to be
physics and environmental science and all the three teachers used WSD in their
instruction during observations of environmental topics described in chapter 4. WSD
seeks to make deliberate efforts to relate ideas/strands within a discipline rather than
assuming that students will automatically understand the relationships within the
instructional setting. The three teachers made deliberate effort to point out to the students
the relationships that were formed from their previous lessons or topics.
For example, in Allison’s class when she was talking about clean energy sources
she also related this to the economics of production of clean energy, and political issues
involved in the production of clean energy as geo-economics and geo-politics which are
other topics of environmental education. Rather than assuming that the students would
automatically know that of course there is political and economic implications to the
production of clean energy, Allison made an effort to point out these connections. Also
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while talking about coal ash disposal in areas where people live, Allison that the people
in these areas are mostly people living in poverty, here Allison was connecting
environmental impacts to generation of electricity from and environmental education
topic-Energy for Sustainable Development. She asked her class, “Are these people rich
white, rich black or rich Latino people?” Here Allison deliberately helped the students to
develop environmental awareness connected to social justice to the poor people. The
students could have assumed that it was affecting any class of people but Allison made
deliberate effort to create awareness of what classes of people were being affected.
Moreover, Allison shared an environmental concern about the amount of space and land
that solar panels take up. She used the solar panels in their school as an example, and
asked the students why they were placed on top of cafeteria roof and not on the football
field. Using this example of solar panels mounted on a football field Allison was able to
make students make a connection on what the impact could be if the solar panels were to
be erected on the football field but more importantly understood that solar panels take a
lot of space and they could not have a football field. Again connecting to the
environmental education topic- Energy for Sustainable Development but giving the
students a more real life example.
Like Allison, John also made deliberate efforts to help his students make develop
relationships between ideas and concepts. For example, when John was talking about
greenhouse gases, apart from helping students identify the greenhouse gases and their
contribution to global warming John further, mentioned that the US government has
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passed laws to control greenhouse gas emissions. Here John made deliberate effort to
create awareness to students that greenhouse gas emissions are a serious threat and
governments should be involved thus connecting with environmental education topicsGeopolitics.
Furthermore, when John was talking about infrared (IR) radiation and how it
causes global warming and how the greenhouse gases absorb a lot of IR radiation which
is re-radiated evenly in all directions and the earth absorbs energy from the sun. John had
to clearly illustrate that the sun’s light is composed of ultra violet (UV), visible light, and
infrared radiation by a diagram to show the radiation from the sun that is trapped in the
lower atmosphere, causing global warming. Here John helped the students to understand
the sun’s radiations as a natural phenomenon and its connection to global warming
something that the students can connect in real life. This is a real life environmental
connection.
Similar to John and Allison, Paul also used WSD in his class. A case in point is
when Paul was talking about hydroelectric power generation he mentioned that water
accumulation to form a dam changes the ecosystem of surrounding areas, leading to
migration and displacement of human beings and animals. He gave an example of
China’s 3 Gorge dam that displaced over 1.3 million people to make a deliberate effort to
help the students make a connection from what they were learning and what is happening
in real life. Moreover, while talking about disposal of nuclear waste water into water
bodies leading to elevated water temperatures, thus affecting the ecology of living
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creatures in water like fish, again here Paul was connecting to the environmental topicEnergy for Sustainable Development Paul had to mention that despite this huge danger
posed to living creatures in water in the U.S. there is currently no central regulation for
nuclear waste water disposal. This was an attempt to have students to make a connection
that there could an eminent danger to creatures and governments fail to pass laws to
protect them which was a connection to geopolitics.
John and Allison adopted an isolated single day approach in the sense that they
designated one class period per week to discuss the common themes between physics and
environmental topics and connections to real world examples. Paul also used the single
day approach but on this day he split the class period into two; the first have he could
teach environmental topics with selected themes in physics and in the second half teach
physics without any integration of environmental topics. On these isolated single days
Allison, John and Paul gave lectures on environmental topics and most of the time these
topics had loose connection with the physics topics they were teaching.
All the three teachers used WSD within the environmental topics. They used the
WSD integration model by connecting environmental topics they were teaching to
geopolitics, geo-economics and energy for sustainable development. All the teachers used
the topic energy for sustainable development to bring to the learners’ attention that as the
energy demands in the world increase due to rapid development in science and
technology there is need to address the environmental impacts of generation of energy to
meet this demand.
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Across Disciplines Integration
Across discipline integration involves the linkage of content from different
disciplines. Its proponents (Forgaty, 1991; Drake, 1993) claim that interdisciplinary
curriculum can help manage the knowledge explosion by re-organizing what is taught,
and assist students in making meaningful connections among school subjects; i.e., it
serves to complement the quantitative and qualitative components of instruction, making
it not only more efficient in terms of how much is taught in a limited time, but also how
well it immerses the student in a naturally interconnected world.
Motivating students to learn physics through creating connections to real life
problems imbued the three teachers’ choices on what and how to integrate environmental
topics in physics. The physics topics they taught were matched to environmental topics
by the university instructor to provide real life connections for students. For example
Allison stated, “I’d like them to learn some physics content but then additionally so that
to see how that content applied to real world life.” In her lessons, Allison chose from a
set of topics given by university instructor the environmental topics that contextually
matched with the physics topics that she was teaching from a bank of environmental
topics that were given by the university instructor.
All the teachers used Physics and Environmental topics to bring into focus
electricity, circuits, energy and impacts associated with the production and distribution of
electricity from the sources to the consumers as previously discussed in chapter 4 above.

127

All the teachers used physics topics as a context to link environmental topics. They
picked common themes between physics and environmental topics.
For instance, while teaching electricity and circuits in physics, she talked about
how generation and distribution of electricity was an environmental issue associated with
production of greenhouse gases. Furthermore, circuits alone are not environmental issues
but it deemed fit for Allison to talk about environmental issues associated with the
generation and distribution of electricity contextually linking electricity and circuits in
physics and generation of electricity in environmental point of view.
Similarly, John was of the view that integration of environmental topics in
physics acted as bridge between physics and what the students could do with physics to
solve real problems. He said, “In Physics by Inquiry, it’s like they learn communication
skills, they learn about organization and just general everyday thinking arguments on
environment, scientific arguments on the environment and possible solutions on
environmental problems.” In addition, to Physics by Inquiry providing opportunity to
connect environmental science with physics in real life contexts, John also acknowledged
that it also provided an opportunity see relationships in and out of school and for student
to practice common skills like communication.
Like Allison, John also integrated physics topics with environmental topics by
linking them in the same context. For example, while he was teaching conservation of
mass John also talked about ecological balance and balance within an ecological niche he
said “I actually did use ecological balance when we talked about mass balance.”
128

Conservation of mass is a physics concept that demonstrates to students that mass cannot
be destroyed or be created but is conserved while ecological balance involves living
organisms preying on each other and reproducing to maintain that balance.
The use of ecological balance does not help understanding of the law of
conservation of mass but it addresses the same theme of balance. Similarly, when he
talked about uncertainty in physics he also spoke about environmental uncertainty,
uncertainty in physics addresses the plus or minus error in measurements while
environmental uncertainty involve not being sure about future weather or climate changes
he stated:
Environmental uncertainty it seems to fit naturally for example, we don’t know
exactly how high the waters are going to rise which was one theme in the last
lecture I had. And we also don’t know how warm it’s going to be.
The common linkage between physics and the environment here is the theme of
uncertainty which gives John impetus to talk about environmental uncertainty but not in
any way elaborating understanding of uncertainty in Physics.
On electricity and circuits from the physics point of view, all the teachers walked
students through connection of circuits using wires, a bulb, battery and switch to make a
complete circuit and also different types of circuits like parallel and series circuits.
Studying circuitry in physics gave students a small scale picture on how electricity can be
transmitted from the power source (battery) to produce required output (light bulb) to the
consumers; this provided a linkage to large scale on how production of electricity can be
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an environmental impacts thus linking physics to environment. On a larger scale students
were made aware that some large scale sources of electricity like hydroelectricity and
coal have some environmental impacts associated with them.
On production and distribution of electricity from environmental point of view
Allison talked renewable energy sources and dangers associated with the production and
distribution of electricity. She mentioned production of electricity, for example, from coal
produced carbon dioxide which is a greenhouse gas associated with global warming.
Supported by pictures (appendix H) showed how wires for distributing electricity can
cause environmental menace or even a bigger catastrophe like loss of life and property.
Allison tried to immerse her students to a naturally interconnected world using a shared
concept of electricity distribution in environmental topics and circuitry in physics. On the
other hand, John used circuitry to give students a small scale version of generation and
distribution of electricity and in real life John talked about electricity generation from
various sources and their environmental impacts for example coal that produces huge
amounts of carbon dioxide to the atmosphere. John used this context to talk about carbon
capture and storage to reduce greenhouse gases thus providing real life context
connection between physics and environment. The common theme linked physics and
environmental topics thus revealing the AD integration.
Similarly, while talking about real life situations John was able to link real life
examples from environment to physics. For example while teaching the generation of
electricity from nuclear reactors; John used nuclear reactions equations to demonstrate
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how energy is generated. Specifically, John linked a physics concept of conservation of
mass (a concept that he had already covered in a physics lecture on properties of matter)
to balanced nuclear equations in the generation of electricity.
Paul used electricity as a context to talk about how wind mills are associated with
killing of birds and grease and lubricants used in windmills cause air pollution, solar
panel take up space, hydroelectric power generation can be associated with floods and
displacement of living organisms thus interfering with the ecosystem. Furthermore, Paul
generation of electricity led to production of coal ash. Showing pictures (appendix H) he
demonstrated to students how close coal ash was disposed to residential homes and in
water bodies that supply water to these homes.
The three teachers under this study used the AD integration to demonstrate the
shared themes across Physics and Environmental topics like in Fogarty’s shared model.
Moreover, with help of the university instructor the teachers were able to identify topics
across Physics and Environmental Topics that they were able to focus on while creating
real life connections to students. Thematic integration was largely used by all the teachers
studied to bring out the AD model. For example when teaching electricity and circuits the
teachers were able to bring in environmental impacts associated with generation of
electricity; environmental impacts being the theme. Adding in the environmental impacts
of generation of electricity was not intended to help the students to conceptually
understand the physics of electricity and circuitry, rather electricity acted as the theme
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under which to introduce environmental impacts of generation of electricity in that
context.

Within and Across Learners Integration
Within and Across Learners (WAL) integration involves integrating the student's
interests and personal life with learning content. In other words the integration process is
highly associated with learners’ interests, expertise, and experiences and this was seen
from observations in John and Allison’s classrooms where students’ interests were
integrated with environmental topics, but not in Paul’s classroom.
In John’s classroom for instance it was noted he did open discussions and
debates where learners were deeply immersed in topics that they had interest in with John
facilitating, for example some students would talk about climate change and global
warming and other students will talk about fusion research. From the interview John said,
“They really like having the debates and they like having those open discussions. I think
it kind of lends itself maybe a different to the type of student that would normally be
turned down by physics.” Noting how immersed the students were in their personal
interest expertise and interests John on his own looked for materials such as YouTube
videos, journal articles and worksheets (appendix E) that were tailored to students’
interests and those that the students could easily connect with as was also discussed in
chapter 4. A good example is when John gave an article as home for homework to read
and pick a theme that they will present before the class and different students picked
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different themes that they presented in accordance with their interested or what resonated
with them most.
Just like John, Allison also looked for materials like; YouTube videos, newspaper
articles, and an invoice (appendix C) that were tailored to students’ interests and those
that the students could easily connect with. Allison did class discussions that allowed
students to express ideas that they were passionate with or had interest in. During the
interview she said “I try to make it [class discussion] a little bit more robust instead of
just flipping through PowerPoint slides and going over the information.” By a robust
discussion she meant a discussion where learners are engaged as owners of knowledge as
was evidenced in occasion during observations where students had an article “Xcel
Energy aims to speed carbon dioxide reduction” (Appendix B) to read and they picked
topics that they wanted to know more, develop expertise in or had an interest in. The
topics were: carbon dioxide reduction, nuclear power plants and environmentally safe
energy.
In Allison’s class WAL integration was seen when Allison had seven questions
each on a white board displayed around the classroom and asked her students to go round
read and pick a question that addressed a topic that they were most interested in do
research on it using the internet and any other resources available to get in depth
knowledge in that topic. Students chose these questions in groups and did research
through research to understand better.
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Both Allison and John used WAL integration to meet the students’ interests and
needs after understanding the students. Allison in particular used this model to engage the
learners in the learning process and engage them as active participants in the learning
process. Both John and Allison used WAL integration to address students’ interests and
expertize in areas they wanted to explore more. Table 5.2 below summarizes the
integration models used by each teacher. Allison and John appeared to have used all the
three integration models (WSD, WAL and AD) while Paul did not use the WAL
integration model.
Table 5. 2
Summary of integration models used by the three teachers
Integration
Allison
John
Paul
Model
WSD
√
√
√
WAL
√
√
X
AD
√
√
√
Legend: √=Used
X= Not used
WSD=Within Single Discipline
WAL= Within and Across Learners AD= Across Disciplines

The three teachers however felt that they did not teach the environmental topics
the way they had wanted in this class, the next section examines some of the challenges
they experienced in integrating curriculum.

What Challenges do Physics by Inquiry Teachers Perceive While Integrating
Environmental Topics in Their Curriculum?
In the previous section, the practices of the three teachers in integrating
environmental topics in physics and the types of integration models they used were
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examined in detail. In this section, the challenges that they faced while integrating
environmental topics in their classrooms are presented particularly I looked at the barriers
and challenges that they faced. I utilized Ham and Sewing’s (1988) four categories of
barriers to environmental education namely; logistical barriers, educational barriers,
conceptual barriers and attitudinal barriers were utilized.

Logistical Barriers
Ham and Sewing (1988) described logistical barriers as those stemming from a
perceived lack of time, funding, resources, suitable class sizes, and so forth. All the
teachers mentioned lack of time as major barrier in the integration of environmental
topics in their classrooms. All the teachers mentioned time as a barrier in two ways. First,
a lot of time was needed in preparing materials and lesson plans to incorporate
environmental topics. Secondly, there was a problem of finding actual class time to teach
environmental topics. Allison said, “I find time a challenge in multiple ways. I find time
as challenge in terms of the amount of time that we have in class to work on the
environmental topics. I find time a challenge in terms of what time the students are going
to put into it outside of the classroom.” By referring to the amount of time students had
outside of the classroom Allison was concerned that she only covered environmental
issues once a week and not in depth and the next time they talked about it would be after
one week compared to other classes that they do almost in a daily basis they might not
have time or give priority to environmental topics.
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John also mentioned time a major challenge, he said, “Teaching environmental
topics can sometimes be time constraining. It will take a lot of time and we don’t have
enough materials.” John also felt that if a teacher had to integrate environmental topics
robustly, teachers “had to spend some time really thinking about [integration]; I had to
find ways to connect to [relate] physics concepts.” Here John was referring to the lack of
planning time and instructional time.
Paul, like Allison and John, identified time as a major challenge, he said: He said:
Time and number of topics that are needed to be covered don’t match. Sometimes
this is your only shot [to cover physics topics]. They’ll [Students] never have a
course that talks about sound or electricity, magnetism. These areas, you just
don’t have time to cover them it is just too much. If you go an inch deep and a
mile wide, they learn absolutely nothing.
Paul felt that there was no enough time to cover them both physics and environmental
topics in depth. Paul also felt that the environmental topics were taking time that could
have be used to cover physics topics, he said “it is like robbing Peter to give Paul”
All the teachers felt that time was a barrier to successful integration of
environmental topics in physics. They were all of the view that extra is needed to plan
and gather materials for environmental topics such as You Tube videos, customized
worksheets, journal articles etc. The teachers also indicated they had to take time outside
class to study and master environmental materials before presenting them to class. Also
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all the teachers acknowledged that time as resource was constrained to actually teach
environmental topics in physics.
Another logistical barrier that all the teachers experienced was lack of funds and
resources. For example Allison mentioned lack of sufficient funds to support hands-on
environmental activities. Allison felt that more resources could have been allocated to
make the environmental topics more engaging with more hands on activities. She said, “I
would like that there to be more hands-on activities with the environmental topics,
because, for the most part, the environmental component is reading, writing about that
reading, and then the students listening to information about the reading.” John also
found lack of financial support to be barrier, he said, “Sometimes, you feel like, ‘oh, I
need to take these kids to a field trip to see something’ and then maybe, financially you
are not supported.” John also felt that if he had funds he would engage students in
building things like a mud battery or an electric car or a solar phone charger that will
resonate with both physics and environmental topics. But he lacked these resources and
therefore he could not teach as he wished. Paul also concurred with Allison and John that
lack of sufficient funds was a challenge to integrating environmental issues in physics.
He said, “With funds I would like to be able to incorporate more alternative energy-based
actual experiments and not just research stuff.” Here just like Allison Paul also wanted
more engaging and hands on activities.
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Educational Barriers
Educational barriers are those that stem from teachers’ misgivings about their
own competence to conduct environmental education programs (Ham & Sewing, 1988).
Even though Allison and John had some background in environmental education they
still cited content as a barrier to integration of environmental topics in physics. Allison
for example said,
I do have a lot of background in the environmental stuff, but you know I don’t
understand the ins and outs of all the different pieces of that [environmental
issues] and so like, you know, when we talked about carbon capture. Well, I’ve
never learned anything about that ever before in my life before we taught it in this
class. I think I have an environmental background but I don’t have a specific
background in the topics that we’re covering.
Paul also cited his own lack of background on environmental topics and integration
strategies as another challenge that he had to deal with.
All the teachers felt that professional development would help overcome
educational background challenge, John noted, “I’d say maybe more like only
environment part if, if we want to go further and have and do that kind of professional
development on environment part.” Paul said, “Environmental topics are rapidly
changing and teachers need to have professional development on this topics all the time.
It’s something that a physics teacher or a chemistry teacher should incorporate in their
normal professional development.”
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John and Allison also advocated for collaboration among the teachers teaching this
course to learn from each other.

Conceptual Barriers
Ham and Sewing (1988) described conceptual barriers as those that stem from a
lack of consensus about the scope and content of environmental education. For example,
Allison lamented that the way the physics course was setup by university instructor has
little to do with an effective integrated curriculum. She said, “So, one thing I think that is
difficult is that and I don’t know if this is the way I have decided to teach it or the way
that it’s structured from the university, but we are kind of separating environmental topics
throughout an already established curriculum.”
She thought that, the way the course was structured, the environmental topics
were disconnected from the main physics topics, she added,
We’re going to do some electricity stuff and then we’re going to stop and do an
environmental theme. And then we’re going to do some electricity stuff and then
we’re going to stop and have an environmental conversation. And so the
environmental pieces kind of get dislodged from each other because they’re just
here and there. And so, we don’t really talk about the environment as one
curriculum piece or as one coherent topic.
John on his part he felt that the way the course was structured was a stretch or a
jump to the students. He said, “Because if we’re just talking about fundamental properties
of matter and, well then you go into like nuclear physics, I guess, it’s kind of technical.”
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Here John was referring to instances that he was talking about conservation of mass and
used nuclear equations to illustrate this point at the same time talked about nuclear
energy. He further said some comparisons were not making sense to students for example
he noted.
And if you talk about like mass balance and, and balancing of economy versus the
environment some students are like, well, that’s kind of a stretch. I mean it’s kind
of the same idea but it is a useless kind of a metaphor from what’s happening.
Paul felt that environmental topics were not fitting well with the physics
curriculum but they acted as break from doing the regular physics lab activities. He said,
“It seemed to work all right though. I think the students enjoyed the little break from
what they had been doing with inquiry.” By a little break, Paul explained that the students
sometimes would get tired of inquiry labs and they needed something else and thus the
environmental lectures served well as a break.
All the three teachers experienced conceptual barriers in their class rooms. They
noted conceptual barriers like a disconnect between the physics topics and the
environmental topics. They were also concerned that the environmental topics were just
integrated without considering the prerequisite knowledge required to understand some
environmental concepts.

Attitudinal Barriers
Ham and Sewing (1988) described attitudinal barriers as those stemming from
teachers’ attitudes about environmental education and science instruction. Ham and
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Sewing (1988) also found out that if teachers did not have positive attitude towards
environmental education very little instruction in this area will be incorporated in their
classrooms. Whereas this study did not seek to establish the attitudes of the three teachers
about integrating environmental topics in physics there were some indicators of their
attitudes as a barrier to integration. Whereas John and Allison spent more time planning
and looking for extra environmental activities in their classroom, Paul basically taught
from the materials provided by the university instructor without any modification to his
students’ needs. John mentioned that his students liked the environmental topics from a
survey he gave them and therefore he liked the integration of environmental topics in
physics.
Overall, all three teachers liked the idea of environmental topics but felt that more
support could help overcome some of the challenges. Paul specifically liked the
environmental topics but felt that they should be taught separately and not integrated in
physics. He said, “It [environmental education] deserves a deeper coverage and it
deserves its own course not to force it elsewhere.” Paul felt that environmental topics
were forced in physics and therefore he had kind of a push back attitude which was, to
some degree, a barrier to how much of the environmental topics he integrated in his
physics teaching.
The forms of integration described above are not mutually exclusive. Although
they have been presented as uniquely different in their main focus, in practice, one form
of integration incorporates others. Units in AD integration that are thematically is linked
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to the content of conventionally isolated disciplines (WSD) may also link students’ skills
and interests (WAL). Like in weaving intertwining of different colors and patterns
depend on the craftsmanship of the weaver; curriculum integration also depends on the
choreography of the teacher, who recognizes the intricate web and emergent pattern of
interconnections. The next chapter (Chapter 6) describes implications for teachers,
schools, teacher educators and policy makers based on the findings of this study,
recommendations for future research, offers a discussion and connection to literature on
this findings.
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CHAPTER 6
Discussion, Implications and Future Research
Discussion
The idea of curriculum integration has great potential for making a difference in
schools (Kysilka, 1998). Historically, many teachers, educators, and school
administrators have positive experiences with integrated school curriculum (Kilpatrick,
1918; Collings, 1923; Oberholtzer, 1937; Cremin, 1961). However, current public school
environments tend to be less conducive to curricular integration than the ones that existed
during the early years of curriculum integration studies. Current advocates of curriculum
integration have written much about how to integrate in school settings, as well as
suggested various models for a successful integration (Next Generation Science
Standards [NGSS], 2013; National Research Council [NRC], 2012) but there are scant
studies that focus on the successes and difficulties of implementing integrated curriculum
in everyday classroom settings. Therefore, this study aimed to explore of the specific
case of integrated high school science curriculum across physics and environment
science. Specifically, I explored two important issues: (i) to identify ways in which
physics teachers integrated environmental issues in their classrooms, specifically looking
at which models of integration they used and (ii) to investigate the challenges that these
teachers faced in integrating physics and environmental science. The guiding research
questions for this study were:
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1. How do Physics teachers integrate environmental issues in Physics by Inquiry
course? Specifically; a) what integration models and practices do physics teachers
employ in integrating environmental topics/issues in their instruction? b) how do
these integration models influence their instruction?
2. What limitations or barriers do physics teachers perceive to hinder the
integration of environmental topics in their curriculum? Why may the Physics
teachers not teach the environmental issues as much as they would like to?
In this chapter, I first discuss how Physics by Inquiry teachers integrated
environmental topics in their classrooms and some of the challenges they faced while
integrating this topics. Then, based on the findings from this study I present the
implications for teachers, schools, teacher educators and policy makers. Finally, I outline
recommendations for future research.
Similar to previous studies (Beane, 1995; Czerniak, Weber, Sandmann, & Ahern,
1999; Jacobs, 1989), the three teachers, Allison, John, and Paul, acknowledged that
integrating environmental topics created environmental awareness for students and
provided a connection with real life problems as one of the goals of an integrated
curriculum. John and Allison purposefully gathered materials and topics related to
environmental topics besides those that were provided by the university instructor to
enhance appropriate physics content knowledge and build more meaningful real life
connections.
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The goal of learning physics could be to show connections between “[informed]
citizenship” and learning physics content because physics ideas could be linked to larger
issues of environmental science (Osowiecki, 2011, p.68). All the participants in this study
talked about how their students were unware of basic environmental issues and their
connection to causes. For example one teacher (Paul) reported that his students were not
aware that fossil fuels were associated with global warming. Clearly, from Paul’s
experience, students need to know that the science concepts contribute to better
understanding of our environment than just focusing on the traditional science content
mastery even though he did least integration, he advocated for inclusion of environmental
education in school curricula. Therefore Fogarty’s models of integration and Ham and
Sewing’s (1988) four categories of barriers to environmental education allowed me to
uncover from the data some important findings that show outcomes and barriers to
integrating physics ideas with environment science topics (ideas/issues). In the following
sections these findings are discussed.

Research Question 1: Integration of Environmental Topics in a Physics Course and
Integration Models Used
Existing studies have documented the benefits of integrating environmental topics
in physics (Hughes & Mason, 2014; Saundry, 2011) and the utility of environmental
topics to provide opportunities for students to experience applied science (Edelson,
2007). This study sought to investigate how physics teachers integrated environmental
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topics in their classrooms and how Fogarty’s models helped explain that process as
outlined below:

Integration Within Single Discipline
As outlined in chapter 2 Fogarty’s models that fall under within single discipline
(WSD) are: fragmented, shared and connected. All three teachers used the WSD
integration in their classrooms although at different levels, fragmented, shared, and
connected. The extent of integration within WSD model could be attributed to each
teacher’s comfortability and knowledge base to specifically teach environmental topics
(Kysilka, 1998). Allison and John who had previous exposure to environmental education
and ecology respectively appeared to bring these experiences and knowledge. Allison
designed an experiment to demonstrate global warming on her own and John used
debates to have students to debate on environmental issues like nuclear energy. Thus
Allison and John were able to show greater more use of integration within WSD model
compared to Paul.
At the unit level, all the teachers integrated environmental topics using a
fragmented model based on the day they chose to teach environment science as they
mostly picked one day a week to teach environmental topics and four days teaching
physics. This is what Fogarty (1991) referred to as “offering one sight [content area] at a
time” p.61. In this model each subject (discipline) is seen as a pure entity in and of itself.
Relationships between subject areas physics and environmental topics, for example, are
only implicitly indicated (Fogarty, 1991).This is similar to what Jacobs (1989) called
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parallel disciplines where disciplines maintain themselves as separate entities; however,
teachers attempt to sequence topics so that related ideas are taught concurrently within
the same discipline. Allison, John, and Paul made attempts to pick topics from a bank
provided by the university instructor on physics and environmental topics that had a
common idea or theme to teach during these separate days of environmental topics and
physics. For example, electricity was used by all teachers as a context to teach physics
ideas and environmental issues associated with the generation of electricity like carbon
dioxide emission for generating electricity from coal.
The teachers used the connected model in their class periods. Fogarty (1991)
explains the connected model as where disciplines remain separate; but focusing on
making explicit connections within each subject area connecting one topic, one skill, or
one concept to the next; connecting one day's work, or even one semester's ideas, to the
next. Teachers have to make a deliberate effort to relate ideas within and across the
disciplines, rather than assuming that students will automatically understand the
connections (Fogarty, 1991, p.61).The real life connections that all the teachers in this
study made were mostly drawn from their personal experiences, or popular media, as
some of the environmental issues happened when they were young, or from their personal
interests; and therefore could readily use them in their teaching to make connections to
physics or other sciences (Kysilka, 1998). As explained in chapter 5 by examples that the
teachers brought in their teaching from their experiences figure 6.1 shows the connected
model by the three teachers. In this figure the external four circles represent examples the
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teachers connected from real life and personal experiences while the main circle shows
the main environmental topics that the teachers were teaching.

Figure6. 1: Allison, John and Paul’s connected model
Lastly, the three teachers also showed Fogarty’s nested model in their teaching.
According to Fogarty nested model emphasizes both the learning skills and the
organizational skills needed within each discipline in order to comprehensively and
completely understand the content of a discipline. The three teachers integrated the
common skills, collecting data, researching on information, analyzing pictorial
representations, reading, writing and critical analysis of a claim, in their physics and
environmental topics classes; showing that this skills were nested within physics and
environmental topics. All the teachers gave reading and journal writing assignments
where students learned the skills that were nested in physics and environmental topics by
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drawing from different science knowledge sources but improving their skills. Improving
of skills is true whether or not the curriculum focus is on basic skills, such as writing, or
on more complex understandings, such as perspective taking (Martin-Kniep,
Muxworthy & Soodak, 1995).Figure 6.2 shows reading, data collection skills and
analytical skills that were nested in physics and environmental topics.

Figure6. 2: Allison, John and Paul nested model
All three teachers seemed to utilize all three types of integration within WSD
category. Yet, there seemed to be some variations in how much or to what extent each
teacher was comfortable with each levels of integration. Reasons for these variations
were not established in this study.
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Integration Across Disciplines
Integration across disciplines (AD) was expected to be used a lot by the teachers
before conducting this study because the teachers were involved in teaching two
disciplines- physics and environmental science. Also, because they had participated in a
physics and environment science integration professional development led by a university
instructor faculty (instructor). This study revealed the opposite.
As illustrated in chapter 2 there are five models of integration that fall under AD
category- sequenced, shared, webbed, threaded and integrated (Fogarty, 1991). Within
the integration across disciplines approach to teaching physics, the teachers in this study
used Fogarty’s shared model of integration. Fogarty (1991) described shared model as
one where disciplines are ‘partnered’ and units planned to focus on ‘overlapping ideas.'
In this model the overlapping context that all three teachers used was on electricity and
energy which also provided a context to talk about physics principles and environmental
issues. John used conservation laws as an overlapping concept to talk about conservation
of mass and balance in physics and weather/climate uncertainty in environmental topics.
Similarly Paul used context of light to talk about light and optics in physics and solar
energy in environmental topics as shown in figure 6.3 light will be the overlapping
context between Physics and Environmental topics.
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Physics
Light &
Optics

Environment
Solar Energy

Figure6. 3: Paul’s shared model
On the other hand, this study found that three teachers were able to use shared
model within the AD integration model because there was at least an existing framework
that was modeled by the university instructor. All of their AD integration was built on
providing thematic integration of contexts and real life application between physics and
environmental topics. This is consistent with findings by Drake (1998) in
transdisciplinary approach to integration where integrated curriculum is a ‘life-centered
approach’ (p.41) and Jacobs’s (1989) interdisciplinary approach to integration where real
life knowledge is complementary to disciplines.

Integration Within or Across Learners
Students provide a pivotal role in within or across learners (WAL) integration
model. Only John and Allison used this model in their classroom. They used Fogarty’s
immersed and networked models. According to Fogarty, the immersed model is when a
student becomes engaged in a field of study and filters information from content areas
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through his or her own lens, what Case (1991) refers to as integration between student's
experiences, internal life or affect and school's curricula. In networked models, a student
reorganizes relationships of ideas within and between the separate disciplines as well as
ideas and learning strategies within and between learners who form a network of experts.
Similar to Jacobs (1989) and Fogarty (1991), it was noted that the success of these
models depended on how a teacher played a role as a facilitator, and experiences they
possessed. Just like Allison set up her class with the seven questions and provided the
resources for to students to utilize in gathering information before sharing with their
colleagues as experts.

Research Question 2: Challenges to Integration of Environmental Topics in Physics
The integration of curriculum comes with some barriers and challenges that
teachers need to deal with. All three teachers faced challenges that pushed them to
modify their teaching methods. In looking at the challenges the teachers faced, I utilized
Ham and Sewing’s (1988) four categories of barriers to understand teachers’ issues with
environmental education and physics integration:
1. Conceptual barriers those that stem from a lack of consensus about the scope
and content of environmental education.
2. Logistical barriers are those stemming from a perceived lack of time, funding,
resources, suitable class sizes, and so forth.
3. Educational barriers those that stem from teachers’ misgivings about their own
competence to conduct environmental education programs.
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4. Attitudinal barriers are those stemming from teachers’ attitudes about
environmental education and science instruction.
On conceptual barriers, the teachers reported challenges such as: disconnect
between the environmental topics and physics topics as the topics were set up from the
university and that some environmental topics were a stretch for students. For example,
while John was teaching nuclear energy topics, students experienced difficulty in
comprehending nuclear reactions that led to production of energy. Similarly, Paul’s
reported that his students had difficulty in understanding ‘n/p’ and ‘p/n’ conductors when
talking about how solar energy is produced from sunlight (from the interview). The way
these topics were set up and presented to the students proved to be a challenge both to the
teachers and the students because of incoherence between environmental topics and
physics topics. For example talking about electric circuits in physics had nothing to do
with generation and distribution of electricity as was presented in environmental topics.
Borko(2004) and Fishman, Marx, Best, and Tal (2003) pointed that when there
are disconnects between the design and conduct of professional development and
subsequent improvements to both teacher practice and student learning outcomes, these
disconnects may lead to tensions in designing materials to use in class (Krajcik, McNeill,
& Reiser, 2008) and how the teachers utilize them in their teaching. Therefore there may
have been similar unintended disconnects between the university materials and the high
school physics topics which challenged Allison, John and Paul to deliver much more
integrated lessons.
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Time seemed to be the biggest logistical barriers and challenge. The teachers
mentioned time to be a challenge both in planning to teach and actual teaching of an
integrated curriculum. A similar challenge was echoed by Kysilka (1998). Time could
lead to tensions in depth of coverage of environmental topics and the actual physics
topics within the given time frame. For example, the Learning By Design units (Kolodner
et al., 2003), units developed in the Center for Learning Technologies in Urban Schools
(Singer, Marx, Krajcik, & Chambers, 2000) showed a potential tension between the depth
of coverage of content and the needs of addressing a full year’s curriculum in schools.
Paul felt that it was like robbing ‘Peter to give Paul,’ referring to the time taken from
physics to teach environmental topics. Allison and John also voiced concern for time
constraints if they were to successfully implement an integrated lesson.
Another logistical barrier that the teachers experienced was lack of funds and
resources. The teachers reported that if they had funds they could incorporate more hands
on activities related to environmental topics or take their students to actual sites where
environmental deprivation or promotion activities were taking place. This would have
enabled students to get the first-hand experiences related to what they learned in class and
place integration of environmental topics in real life contexts.
Educational barriers were also reported as a big challenge among the three
teachers in the sense that they did not have enough background knowledge in
environmental topics. Some researchers, for example (Kysilka, 1998), have found that in
the United States secondary teachers are educated in very ‘narrow disciplines’ thus
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making a teacher’s lack of information to be the greatest impediment to integration. In
this study lack of sufficient background knowledge also added to the time constraint as
the teachers needed more time to learn new environmental knowledge. If teachers lack
proficiency in their environmental knowledge, skills and commitment, it is unlikely they
will be able to effectively influence and encourage students in environmental actions in
schools (National Environmental Education Advocacy Council, 2005; Yavetz, Goldman,
& Pe’er, 2014). Other studies show that inadequate incorporation of environmental
education within teacher education programs is one of the obstacles to successful
implementation of environmental education in schools (Cutter & Smith, 2001; McKeown
& Hopkins, 2002; UNESCO, 1997; Yavetz et al., 2014). Therefore, this study shows that
environment knowledge seems to be a significant barrier to teachers’ integrating
environment science and physics in teaching.
Lastly, the attitudinal barriers influenced teachers’ support for teaching
environmental topics in high school. For example, Allison and John seemed to have a
favorable attitude and they spent more time in both planning and teaching environmental
topics in physics but Paul seemed to be unfavorable and therefore did not spend much
time looking for extra materials to teach environmental topics. This observation showed
that teachers who had favorable attitude towards integration of environmental topics with
physics were more likely to engage students in figuring out how integration of science
topics and ideas were useful. These teachers also customized materials to fit in different
disciplines without making physics and environment concepts too complicated.
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Value of Modelled Integration: Compliance of Learned Lesson
As mentioned chapter 3 the three participants took part in workshops that were
led by the university faculty on integration of environmental topics in Physics by Inquiry
lessons. Therefore the kinds of integration models adopted by Allison, John, and Paul in
their Physics by Inquiry lessons were influenced by their workshop experiences. The
university instructor modelled an integrated lesson explicitly for the teachers to observe
and participate in. He provided all the materials that were used during the workshops to
the teachers to help support integration of environmental topics in Physics by Inquiry
class. Yet I only observed one occasion in which Allison and John used integration
within and across learners (WAL) model based on what they experienced at the
workshop. Paul was less inclined to use WAL integration as a useful approach to engage
students in environment topics informed by Physics. Paul’s integration models
exclusively followed WSD and AD models. Therefore clearly indicating that there were
variations in the influence of university instructor’s integration model among the three
participating teachers. On the other hand the teachers in this study expressed that more
workshops would have provided greater number of opportunities to teachers to integrate
environment topics in Physics by Inquiry.
These multiple exposures could have improved the abilities of the teachers to
successfully integrate environment topics and physics both at the curricular/unit level and
also at the lesson level. The results of this study show a fragmented nature of integration
at the unit level. For example integrating topics of electricity and hydroelectric power
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generation as fragmented model of integration were easier to carry out and was less time
consuming. On the other hand at the lesson level Allison and John exhibited some WAL
model of integration. This kind of variation in integration model at unit level vs lesson
level was unexpected and may have occurred because the teachers had very few
opportunities to learn about other integration models in the context of environmental
topics and Physics by Inquiry. This study seems to suggest that without increased and
sustained exposure to different ways to integrate environment topics and Physics by
Inquiry, there is less likelihood of teachers to actively and purposefully teach integrated
lessons on environment and physics.
Besides giving teachers materials to use and modelling how to integrate
environmental topics in Physics by Inquiry course the university lead instructor did not
provide the teachers with a variety of integration strategies or integration models to use.
This deficit influence was also observed among the three teachers, had the initial training
been done correctly the teachers could have not struggled with the integration process
and could have possibly addressed the conceptual and educational challenges that the
teachers faced

Implications
The prior discussion focused on how physics teachers integrated environmental
topics in physics, the integration models they used and the challenges they faced while
integrating environmental topics. Using two frameworks for analysis-Fogarty (1991)
models of curriculum integration and Ham and Sewing (1988) barriers to environmental
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education- I determined the models of integration the teachers used and four challenges
they faced. The models of integration that were found to be used by the three teachers
were: Fragmented, connected, nested (WSD); shared (AD); immersed and networked
(WAL) and the four categories of challenges/ barriers were: logistical, conceptual,
educational and attitudinal were also revealed to be challenges in this study.
The use of WSD, AD or WAL integration models can be more supported with the
appropriate professional development. The three teachers felt that professional
development (PD) geared towards environmental education could help and it should be
provided regularly as environmental topics keep changing rapidly. With frequent support
from PDs, teachers can gain the skills and necessary knowledge that they will need to
integrate curriculum and the three teachers agreed that PD would be helpful. These
findings are consistent with findings by Liu, Roehrig, Bhattacharya, and Varma (2015)
who after providing a professional development workshop to teachers on global climate
change noted that in-service teachers’ growth and a sense of urgency to incorporate
climate issues into their science teaching. Also teachers value first-hand experience of
professional development (Till, Ferkins & Handcock, 2011) and previously some studies
have shown how professional development can influence teachers’ knowledge and
practice (Garet, Porter, Desimone, Birman, & Yoon, 2001; Supovitz & Turner, 2000).
From the interviews and classroom observations it appeared that the teachers
needed more professional development on integration models. It has been established that
teachers are more likely to produce students who are more environmentally literate if
158

they are more knowledgeable, have positive attitudes towards the environment, and show
concern for environmental problems (Tuncer et al., 2009). Thus for the three teachers
calling for more professional development to be more fluent and comfortable in using
models of integration seemed reasonable and in order as discussed later in this chapter.
Policymakers and teacher educators need to empower teachers with strategies on
how and what to implement environmental topics through integration in school
curriculum. This can help teachers teach environmental topics integration in a more
effective way and make them more willing to implement environmental topics integration
in their classrooms. In addition, professional development programs and support from
school administration are essential to build environmental science knowledge of teachers
so the integration process is smoother and less time consuming during planning and
implementation. Teacher educators should develop programs that provide more
assistance to teachers on how to incorporate environmental topics in their classrooms.

Suggestions for Future Research
Through looking in detail at some of the challenges and barriers that physics
teachers face while integrating environment issues in their curriculum, one is compelled
to look into possible solutions for these challenges. Interventions to address challenges
and barriers will form a solid ground for future research. First, a study to reveal how
teachers’ attitudes affect the integration of environmental topics in physics class will be
necessary (Boubonari et al., 2013; Michail, Stamou, & Stamou, 2007; Pe’er, Goldman, &
Yavetz, 2007; Stir, 2006; Tuncer et al., 2009). This will be important to explore as a
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success of integration to some extent depends on individual teachers personal beliefs and
attitudes.
Another important issue to further explore would be the students’ perception to
integration of environmental topics in physics. Ultimately, the students are the consumers
of any curriculum that is developed or any content that is added to a curriculum.
Exploring students’ perceptions will be beneficial to establish whether the inclusion of
environmental topics in physics will motivate them in physics or increase their interest in
physics and other science fields. Also worth exploring will be how students implement
any changes they learn through integration of environmental topics in their lifestyles and
their environment. More work needs to be done so that environmental topics integration
will also provide an opportunity to students to apply physics to real life challenges, taking
into account societal and environmental impacts and also acquire basic level of
environmental application fluency like ability to critically evaluate the science and
environmental content in a news report.
Further questions worth pursuing therefore would include:
i) What are the Physics teachers’ attitudes and beliefs in the integration of
environmental topics in their classrooms?
ii) What are the students’ perceptions to the integration of environmental
topics in a physics course?
iii) How does the integration of environmental topics in a physics class leads
to change in students’ lifestyles?
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Finally, there is need to develop more integrated curricular materials then a study
that has more participants should be carried out to examine the physics teachers’
integration models and challenges using these materials. A larger sample size can be used
to verify if the models and challenges can represent overall physics teachers’ perceptions
and classroom practices of integration of environmental topics in physics. In addition,
this study lacks information about other science teachers’ (i.e. biology, chemistry)
perceptions and classroom practices of environmental topics integration. A study that
addresses chemistry, biology teachers’ perceptions and classroom practices of
environmental integration may provide a different viewpoint of how environmental topics
integration should be implemented in science classes.
There is potential for teachers to improve students’ chances of applying what they
learn to tackle formidable environmental changes. Teachers need to teach students how to
examine critically the information they are given and the attitudes or values that have led
to its production, and this requires teachers to be acutely aware of the beliefs and attitudes
that underlie their own teaching. Moreover, this study emphasized the importance of
considering what and how to integrate environmental topics in terms of both designing of
learning experiences and engaging students in real life experiences with anticipation to
create awareness and behavior change as final outcomes. It is hoped that the findings
presented here will help others determine how to best integrate environmental topics in a
physics curriculum.
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Appendices
Appendix A
1. Could you briefly describe yourself and your teaching experience?
2. What are some of the ways that you generally motivate your students in physics?
Give me some specific examples.
3. What was your experience like in the last year teaching Physics by Inquiry with
environmental topics?
4. What roles do you believe environmental issues have in teaching physics?
5. How did you pick your environmental integration topic?
6. Talk about your experience in integrating environmental topics in physics.
a. Have you had this kind of experience before and how did you approach it
in your class?
b. What may be some of the examples of environmental topics that you
integrated in physics?
c. How did your approach to integrating environment topics in physics
differed or was similar to the one you are doing now?
7. Going forward how will your physics class look like when you integrate other
topics in physics?
8. What are your learning goals for students?
a. In what ways do you believe this course has influenced students about
physics and environmental issues/science?
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b. Do you think students will change their behavior and attitude (about why
physics is important/ why they need to learn physics?) as a result of taking
this course?
9. Do you find environmental issues useful in teaching other classes and how do you
go about using this issue in your teaching?
10. What are some of the challenges integrating environmental issues did you
experience?
a. What would be some of the examples that show how you navigated these
challenges?
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Appendix B
Xcel aims to speed CO2 reductions
Cuts in coal, increased wind and solar planned.


Star Tribune



3 Oct 2015



By DAVID SHAFFER david.shaffer@startribune.com
Xcel Energy said Friday that it will accelerate cuts in its Minnesota-region greenhouse gas emissions by
increasing wind and solar power investment in this decade and replacing two big coal-burning generators
with a natural gas-fired unit in the mid-2020s in Becker, Minn.
The plan, submitted to state regulators who could approve or reject it, would mean a 60 percent cut in
the electric utility’s Upper Midwest carbondioxide emissions by 2030, compared with 2005 levels. Until
now, Xcel had aimed for a 40 percent greenhouse gas reduction over that period.
Two of the three coal burners at the Sherco power plant in Becker would be retired in 2023 and 2026
under the plan announced Friday. That plant, Xcel’s largest in the region, is also the state’s biggest emitter
of greenhouse gases. The two units, built in the 1970s, would be replaced by a new power plant fueled
by natural gas, which emits half the carbon dioxide of coal, Xcel said.
“This is really a business decision about what we think is right for the future,” said Chris Clark,
president of Xcel’s Minnesota regional operations, in an interview. “For us the time to move is now. We
think we benefit from certainty. It is the right time to focus on the future. I think it is what our customers
want us to do.”
Environmental groups led by Fresh Energy, as well as the state Commerce Department had urged
Xcel to consider earlier retirement of the Sherco units. Xcel had planned to keep them running, but at a
lower pace, until 2030.
“It’s a great outcome for Minnesota,” said J. Drake Hamilton, Fresh Energy's science policy director,
which advocates for cleaner energy. “These commitments directly follow the recommendations of climate
scientists that we need to cut carbon emissions across our economy very much like what Xcel is
proposing.”
Rep. Pat Garofalo, chairman of the Minnesota House energy and jobs committee, said the plan to
replace the Sherco units will eliminate jobs and drive up electricity prices, which also hurts the economy.
“A lot of people are going to pay more,” said Garofalo, R-Farmington, who placed blame on federal
policies like the Clean Power Plan and did not criticize Xcel. “A lot of people are going to be hurt. These
policies have consequences.”
Xcel said the prospect of expensive pollution control upgrades to the decades-old Sherco units along
with the 2030 carbon-reduction targets under the Clean Power Plan make it sensible to retire the coal
burners earlier. The U.S. power sector, mainly because of coal burning, is the largest source of the nation’s
greenhouse gas emissions.
Gov. Mark Dayton praised Xcel for its commitment to clean energy. “And I deeply appreciate the
company’s continued commitment to the Becker community, where the construction of its proposed natural
gas plant would create many good jobs,” he said.
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Overall, jobs will disappear at the plant. Clark said Sherco’s 310 employees would decline to 150-160
after the two older coal units are replaced with a natural gas-burning power plant, which requires fewer
workers.
The city of Becker relies on Xcel property taxes to cover more than half of its budget. Mayor Lefty
Kleis said the plan for a new power generator is “some excellent news” for the tax base, but he wants to see
details.
Although Xcel already intended to double its investments in wind and solar power by 2030, the
utility’s revised plan now calls for speeding up that effort, with significant renewable power additions
before 2020. Clark said solar and wind power costs have dropped significantly, and he wants the utility
poised to seize opportunities if Congress extends the federal wind production tax credit.
Xcel, which operates in eight states and serves 1.4 million electric customers in Minnesota, has been
the nation’s most windpower-reliant utility for 11 years.
Today, Xcel gets 15 percent of electricity from wind, and 37 percent from coal in its Minnesota region
that includes North Dakota and South Dakota. If this plan goes forward, Xcel expects 33 percent of its
regional electricity to be generated by wind and solar in 2030, while 15 percent would still come from coal.
“The vision here is great, the challenge is to do it at a competitive price,” said Bill Blazar, senior vice
president of the Minnesota Chamber of Commerce, which has argued before regulators that rising industrial
power rates are making the state less able to compete.
Clark said the proposed investments are expected to raise customers’ rates by 2 to 3 percent, but
offered no details on the dollar impact.
Nuclear power would remain a key carbon-free source, and the utility told regulators they need to
look toward the 2030s, when its three Minnesota reactors’ licenses expire. At that point, the plants in
Monticello and Red Wing will be 60 years old, and the question of further extending their licenses is sure
to be complex and controversial.
The announcement was a revision to Xcel’s 15-year business plan released in January. Utilities are
required to submit such documents to the state Public Utilities Commission. It has authority to approve or
reject major investments by investor-owned utilities like Xcel, and likely will act on this proposal next
year.
Xcel also said it wants by 2025 to build a natural gasfired generating unit in North Dakota. Xcel
further has committed to energy efficiency investments, including smart technologies that Clark said can
help shift power usage to low-demand periods.
“I am really excited about what we are doing,” Clark said. “I think we are going to be industry
leaders, but we are really doing this because we think it is the right thing for our customers. It provides
certainty to our community and our employees about what our plan is. It lets us focus on the future.”
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Appendix D
THE LIFESTYLE PROJECT
Introduction
The Lifestyle Project is a way for you to learn about the energy you use in your
everyday life and to reduce your environmental footprint by modifying your
lifestyle. The project is a four-week exercise, beginning with a measurement of
your “baseline” behavior followed by three weeks in which you reduce your
consumption of water and energy, and reduce the amount of material you throw
away. The idea of this project is to make changes in your lifestyle that will reduce
the amount of resources you use and have a beneficial effect on the
environment. The changes aren’t difficult, but they are significant. Mostly they will
require planning and thinking about your actions.
Procedure
The categories in which you will make changes in your habits are: use of
electricity and water, automobile usage (if you use a car), and waste production.
You will slowly increase the degree or frequency of the changes, week by week,
for a total period of three weeks. During the first week, you will implement your
changes for 2 days. During the second week, you will implement your changes
for
3 days and finally during the third week, you will implement your changes for 4
days. During the third week, you will also measure your energy and water use on
three of those days and compare them with your baseline resource usage. You
can pick which days will count as your “project days” and spread them out in any
way it works best for you. You will also keep a journal with entries for each day
that you complete your project requirements.
Change categories
The three categories are described below. Don’t pick something that you already
normally do, as the idea of this project is to make changes. Some changes won’t
be possible in your particular living situation (or if you don’t have a car), so
obviously you can’t pick those.
ENERGY AND WATER – Try to reduce your consumption of water and energy
by at least 50 percent. To do this, you can do the following:
 bike, board, or walk instead of driving
 turn the lights off when you leave a room;
 turn on only one light instead of two;
 replace incandescent light bulbs with fluorescent bulbs;
 read next to a window; leave the TV and the stereo off; do not leave your
computer and all its accessories on when you are not using them (use the
hibernate mode);
 if you cook, prepare meals that do not require lots of burners at once or
long cooking times;
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use the microwave instead of the stove or oven;
take a shower at half the usual duration and turn the water down so it is
not full blast;
 don’t leave the water running while washing, shaving, brushing your teeth,
or washing dishes; if you wash dishes by hand, rinse them in cold water;
 skip the blow dryer;
 don’t use any unnecessary appliances;
 run the washing machine and dishwasher only when totally full;
 hang laundry to dry instead of using the dryer;
 eat vegan or vegetarian
If you do all of these things it is possible to cut your consumption by 50% or
more.
GARBAGE – Spend each project day producing as little trash as possible. The
best thing is to reduce the amount of garbage you make by simply using less,
buying less, and throwing away less. The second option is to reuse whatever you
can to avoid buying new things that will eventually end up as garbage. Recycling
is the last option, to be used only when the first two options fail. So on your
waste-reduction (or ideally, waste-free days), you must live by these rules and
contribute very little to nothing to the landfill. Even if something is theoretically
recyclable, if you aren’t able to recycle a particular type of waste in your area, it
counts as garbage. It is considered cheating to just hang on to something until
your waste-free days pass, and then throw it out! Toilet and tissue paper will not
count as garbage (toilet paper goes to the wastewater treatment plant and we
don't want to start a flu epidemic by disallowing tissues).
LEAVE THE CAR AT HOME – Experience the thrill of the outdoors by riding your
bike, walking or taking the bus in your daily travels. Hitching a ride with your
friends or roommates does reduce the amount of driving, but is also just too
easy, so avoid that option unless there are truly no other alternatives (we do want
you to come to class).
Equipment
The only equipment that you will need for the project is a journal notebook (or
you can record your experience electronically) and a device to keep track of time
during showers or of appliance use. For some things, you may need to estimate
time.
Grading
Your grade on the Lifestyle Project will be based on the following assignments,
which should all be uploaded to the Moodle website.
Journals from week 1 of reductions 10 points
Journals from week 2 of reductions 10 points
Journals from week 3 of reductions 10 points
Excel calculation sheet 30 points
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Summary paper 40 points
–––––––––––––––––––––––––––––––––––––––––––––
Total 100 points
Journals
Keep track of your activities in the Lifestyle Project by recording everything in a
journal. Your journal should include what you did each day that you worked on
the project (2 days in week 1, 3 days in week 2, and 4 days in week 3). You
should write what you did, what things worked or did not, what surprised you,
how this affected your roommates, and so on. You may find that there is a story
to tell as you go along! It is important to include some reflection. The journal
entries should be more than just a clinical listing of what you did that day. The
grade for your journal will be based on the effort you make to complete the
project requirements, your honesty and sincerity in sticking with the project, your
creativity in achieving all of the project’s requirements, and the completeness of
your journal.
You will need to submit your Lifestyle Project data in the Excel spreadsheet to
the Moodle website. It must be complete, accurate, without errors, and should
reflect what is stated in your journal and final report. Use the Stats Comparison
sheet to determine your success in making reducing your consumption.
Summary paper
In two to three double-spaced pages, write a report that includes the following:
 your name a brief description of your living situation (dorm, on-campus
apartment, off-campus apartment, home, etc.) and in which you answer at
least 3 of the following questions:
 What did you change that made the biggest difference?
 What change are you most proud of accomplishing, and why?
 Will you keep the changes you made for the Project? Why?
 What was the hardest thing to change, and why?
 What was easier to change than you thought, and why?
 What kept you from accomplishing more?
 Did making your changes cost or save you money? How?
 How did friends, roommates, family react to your work on the Project?
 What advice do you have for students who want to save energy and
reduce greenhouse gas emissions?
The grade of the report will be based on content (did you include all of your
information), structure of the document (do the paragraphs flow well and present
a single topic?), and spelling/grammar.
Summary of activities:
Week 0: Pick three days and document quantitatively your consumption in the
Excel spreadsheet.
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Week 1: Reduce your energy use and environmental impact over 2 days and
document this in your journal (you do not need to record quantitative data).
Week 2: Reduce your energy use and environmental impact over 3 days and
document this in your journal (you do not need to record quantitative data).
Week 3: Reduce your energy use and environmental impact over 4 days and
document this in your journal. In addition, record quantitative data for 3 of the 4
days and record it in the Excel spreadsheet.
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Appendix E -John’s Worksheets

Mass Balance in ecosystems

Name __________________________

http://www.nature.com/scitable/knowledge/library/the-conservation-of-mass-17395478
What are some parts of the reading that stuck out to you?

1.What does conservation mean in Physics, what does it mean in most media?

2. What are differences and similarities between the idea of conservation in physics and popular
media.

3. Give an example of a carbon atom being cycled.

4. How do humans influence the carbon cycle?

5. Compare a closed system to an open system.
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6. What is mass balance, contrast it to the definition of balance that you developed?

7. Analysis what determines the phosphorus demands?

8. How is conservation from physics difference from conservation from an
environmental perspective?

9. What do you think should be done about the human caused outputs?
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Nuclear debate
___________________________________

Name

Pretend the City of Minneapolis is run out of natural gas in 4 years. Some people think it is a
good idea to build a Nuclear power plant near the airport.

Do you think it is a good idea?

What are some things we need to consider?

Nuclear power explained – watch the video and summarize main point
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https://www.youtube.com/watch?v=rcOFV4y5z8c

Watch 3 reasons why nuclear energy is terrible
https://www.youtube.com/watch?v=HEYbgyL5n1g
How would your character respond?

Watch 3 reasons why nuclear energy is awesome. Write a response from your character.

Get together in your group and decide which arguments you want to raise.

Argument 1 ______________
3 Supporting details
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Argument 2 ______________
3 Supporting details

Argument 3 ______________
3 Supporting details

Get together in a small group and try to come to a plane for a power plant.
Use the white board to describe your proposal. Include where you are going to build it. What
type of plant? What are you going to do with the waste? How should we pay for the high initial
cost?

After hearing and discussing with classmates what are some of your thoughts?
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Conclusion: Write a 5-6 sentence reflect on this activity. Did you like it why or why not. What
did you contribute? Do you think we should build a nuclear power plant why or why not.

Climate debate
Name ___________________
- Read “Paris climate Talks” article
- Mark the text
- Summarize the text
- Choose a role __________________________
- Find people with same role and develop arguments for the following questions
- Class discussion

1. Can any effort succeed if China and India choose not to participate?

2. By 2030, according to some estimates, it should be possible to cut the

carbon intensity of new cars powered by fossil fuel by 50 percent from
2005 levels. Is this possible?

3. The first “ratchet” commitments would most likely not come until 2030,

because the proposals that many countries submitted before the Paris
talks already take them through that year. Is this early enough?

4. The US proposes a 5 year ratchet timeline. Is this better than a 10 year

timeline?
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5. Is a zero emissions target realistic? Why or why not?

6. Why could a carbon budget contribute to global inequalities?
7. Should countries with developing economics burn fossil fuels or adopt a

costlier green energy instead? Think of pros and cons

8. Why would fossil fuel companies reject the idea of a carbon budget?

9. Do you think we should have a carbon budget? What is your stance?

10. Summarize your real position and give yourself a score out of 10. Where

do you fit on the spectrum (alarmist, exaggerator, warmist, lukewarmist,
skeptic, denier)

Political spectrum of Climate change

Alarmists. They pay little attention to the details of the science. They are “unconvincibles.” They
say the danger is imminent, so scare tactics are both necessary and appropriate, especially to
counter the deniers. They implicitly assume that all global warming and human-caused global
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warming are identical.
Exaggerators. They know the science but exaggerate for the public good. They feel the public
doesn’t find a 0.64°C change threatening, so they have to cherry-pick and distort a little—for a
good cause.
Warmists. These people stick to the science. They may not know the answer to every complaint
of the skeptics, but they have grown to trust the scientists who work on the issues. They are
convinced the danger is serious and imminent.
Lukewarmists. They, too, stick to the science. They recognize there is a danger but feel it is
uncertain. We should do something, but it can be measured. We have time.
Skeptics. They know the science but are bothered by the exaggerators, and they point to serious
flaws in the theory and data analysis. They get annoyed when the warmists ignore their
complaints, many of which are valid. This group includes auditors, scientists who carefully check
the analysis of others.
Deniers.They pay little attention to the details of the science. They are “unconvincibles.” They
consider the alarmists’ proposals dangerous threats to our economy, so exaggerations are both
necessary and appropriate to counter them.
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Appendix F

SCIENCE

Paris Climate Talks Avoid
Scientists’ Idea of ‘Carbon Budget’
By JUSTIN GILLIS NOV. 28, 2015

After two decades of talks that failed to slow the relentless pace of global
warming, negotiators from almost 200 countries are widely expected to sign a
deal in the next two weeks to take concrete steps to cut emissions.
The prospect of progress, any progress, has elicited cheers in many quarters. The pledges
that have already been announced “represent a clear and determined down payment on a
new era of climate ambition from the global community of nations,” said Christiana
Figueres, executive secretary of the United Nations Framework Convention on Climate
Change, in a statement a month ago. Yet the negotiators gathering in Paris will not be
discussing any plan that comes close to meeting their own stated goal of limiting the
increase of global temperatures to a reasonably safe level.
They have pointedly declined to take up a recommendation from scientists, made several
years ago, that they set a cap on total greenhouse gases as a way to achieve that goal, and
then figure out how to allocate the emissions fairly. The pledges countries are making are
voluntary, and were established in most nations as a compromise between the desire to
be ambitious and the perceived cost and political difficulty of emissions cutbacks.

In effect, the countries are vowing to make changes that collectively still fall far
short of the necessary goal, much like a patient who, upon hearing from his
doctor that he must lose 50 pounds to avoid life-threatening health risks, takes
pride in cutting out fries but not cake and ice cream.
The scientists argue that there is only so much carbon — in the form of exhaust
from coal-burning power plants, automobile tailpipes, forest fires and the like —
that the atmosphere can absorb before the planet suffers profound damage, with
swaths of it potentially becoming uninhabitable.
After years of studying the issue, the experts recommended to climate diplomats
in 2013 that they consider the concept of a “carbon budget” to help frame the
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talks. Yet the idea was quickly dismissed as politically impractical, and more
recent pleas from countries like Bolivia to consider it have been ignored. If any
serious push had been made ahead of Paris to divvy up the emissions budget, the
negotiators “would have all run screaming from the room,” said Michael A. Levi,
an energy expert at the Council on Foreign Relations, in New York. “So that’s not
a real alternative.” The carbon budget will probably not get much attention in
Paris for simple reasons.
Wrestling with a budget would, for instance, throw into stark relief the global
inequities at the heart of the climate crisis. And it would underscore just how big
the problem really is, how costly the delay in tackling it has been and how
inadequate the plans being discussed in Paris are for limiting the risks.
Consider, for example, that Europe, the United States and China have offered
emissions-reduction pledges that are their most ambitious ever. And yet, if their
plans are carried out, a recent analysis suggests those regions will use up most of
the remaining room for emissions in the atmosphere, leaving relatively little for
the other five billion people on the planet or their descendants.
To change that equation, the biggest polluters would have to commit to cutting
their emissions at rates that would be difficult to achieve, potentially disruptive to
their economies and politically unrealistic.
Moreover, any serious discussion of the carbon budget would amplify a point of
serious contention, known as “climate injustice,” in the talks. It refers to the idea
that poor countries bear little past responsibility forclimate change but are first in
line to suffer its consequences, without much capacity to protect themselves.
Many of those same countries want to develop their economies by burning some
fossil fuels, but because decades of high emissions by richer countries have
created such profound risks, they are under pressure to adopt costlier green
energy instead.
The idea of a carbon budget is based on a goal that the nations of the world set for
themselves. In hopes of heading off the worst effects of climate change, they
agreed in Cancún in 2010 to try to keep the warming of the planet to no more
than 3.6 degrees Fahrenheit, or 2 degrees Celsius, above the level that prevailed
before the Industrial Revolution.
Many scientists do not believe that such a limit would be particularly safe — it
may still cause the sea to rise 20 feet or more, for instance, over a long period —
but they agree that going beyond it would certainly be disastrous, precipitating an
even larger rise of the sea, catastrophic heat waves, difficulty producing enough
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food and many other problems. A series of scientific papers in 2009
demonstrated that limiting the temperature increase to 3.6 degrees Fahrenheit
could be achieved by calculating the total amount of carbon dioxide and other
greenhouse gases that could be emitted into the atmosphere before emissions
needed to stop. The United Nations committee that periodically reviews climate
science, the Intergovernmental Panel on Climate Change, highlighted the idea in
a report it issued in Stockholm in 2013.
The group calculated a budget that can be thought of as something like — to use
another food metaphor — a carbon pie, with the central question being: How can
it be carved up fairly?
The problem is that about two-thirds of the pie has already been eaten by a
handful of rich countries, plus China. At current rates, the remainder of it will be
gone in 30 years or less. Many poor countries are crowding around the table,
pleading for a sliver, but the big emitting countries insist on laying claim to most
of the rest of the pie.
It is already clear, based on analyses published recently by several groups, that
the pledges to cut emissions will come nowhere close to meeting the carbon
budget. Many negotiators are pushing for a mechanism in which countries would
gradually ratchet up their commitments to cutting greenhouse gases over time.
But that would entail more delays, and it is not certain the carbon limit can be
met that way.
Given the political realities, some of the scientists involved in devising the budget
have resigned themselves to seeing it ignored in this round of negotiations, with
the hope that countries will accelerate their efforts in coming years.
Myles R. Allen, a climate scientist at Oxford University and a leading proponent
of the budget idea, said it was better for countries to keep negotiating than not.
“It was probably the right call to brush it under the carpet for now,” he said.
Though it will be ignored in Paris, the idea of a carbon budget is gaining currency
in the broader world of climate-change politics. For instance, the notion is at the
heart of the student-led movement urging college endowment funds and other
investors to shed their holdings in fossil-fuel companies. The students’ argument
is not just that the companies are blocking needed change, but that they
represent risky investments, given that much of the fossil fuels they hold as
reserves cannot be burned if the world intends to stay within the carbon budget.
The same idea was at the heart of a speech recently by Mark Carney, the head of
the Bank of England, who cited the potential economic risks of “unburnable
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carbon,” as it has become known. It is even an element of a recently
disclosed investigation by the New York attorney general, who is studying
whether Exxon Mobil and other companies have properly disclosed to investors
the possibility that they may not be able to burn all their reserves.
Yet, within a month of the adoption of the carbon budget, as part of the
Stockholm report two years ago, the idea of using it in the global negotiations had
been dismissed out of hand. “I don’t think it’s possible,” Ms. Figueres, of the
Framework Convention on Climate Change, told The Guardian newspaper that
fall. “Politically it would be very difficult.”
Some country or group of countries may well try to inject the carbon budget into
the Paris talks. But most delegates are so unenthusiastic about the concept that it
is likely to be quickly dismissed. Dr. Levi, of the Council on Foreign Relations, is
among the realists about what can be achieved in the negotiations.
“The only way you can assess foreign policy is by asking, is what we’re getting
better than something else?” Dr. Levi said in an interview. “I don’t see a better
deal out there.”

U.S. and China Reach Climate Accord
After Months of Talks
BEIJING — China and the United States made common cause on Wednesday against the
threat of climate change, staking out an ambitious joint plan to curb carbon emissions as a
way to spur nations around the world to make their own cuts in greenhouse gases.
The landmark agreement, jointly announced here by President Obama and President Xi
Jinping, includes new targets for carbon emissions reductions by the United States and a
first-ever commitment by China to stop its emissions from growing by 2030.
Administration officials said the agreement, which was worked out quietly between the
United States and China over nine months and included a letter from Mr. Obama to Mr.
Xi proposing a joint approach, could galvanize efforts to negotiate a new global climate
agreement by 2015.
It was the signature achievement of an unexpectedly productive two days of meetings
between the leaders. Mr. Obama and Mr. Xi also agreed to a military accord designed to
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avert clashes between Chinese and American planes and warships in the tense waters off
the Chinese coast, as well as an understanding to cut tariffs for technology products.
A climate deal between China and the United States, the world’s No. 1 and No. 2 carbon
polluters, is viewed as essential to concluding a new global accord. Unless Beijing and
Washington can resolve their differences, climate experts say, few other countries will
agree to mandatory cuts in emissions, and any meaningful worldwide pact will be likely
to founder.
“The United States and China have often been seen as antagonists,” said a senior official,
speaking in advance of Mr. Obama’s remarks. “We hope that this announcement can
usher in a new day in which China and the U.S. can act much more as partners.”
As part of the agreement, Mr. Obama announced that the United States would emit 26
percent to 28 percent less carbon in 2025 than it did in 2005. That is double the pace of
reduction it targeted for the period from 2005 to 2020.
China’s pledge to reach peak carbon emissions by 2030, if not sooner, is even more
remarkable. To reach that goal, Mr. Xi pledged that so-called clean energy sources, like
solar power and windmills, would account for 20 percent of China’s total energy
production by 2030.
Administration officials acknowledged that Mr. Obama could face opposition to his plans
from a Republican-controlled Congress. While the agreement with China needs no
congressional ratification, lawmakers could try to roll back Mr. Obama’s initiatives,
undermining the United States’ ability to meet the new reduction targets.

Still, Mr. Obama’s visit, which came days after a setback in the midterm elections,
allowed him to reclaim some of the momentum he lost at home. As the campaign was
turning against the Democrats last month, Mr. Obama quietly dispatched John Podesta, a
senior adviser who oversees climate policy, to Beijing to try to finalize a deal.
For all the talk of collaboration, the United States and China also displayed why they are
still fierce rivals for global economic primacy, promoting competing free-trade blocs for
the Asian region even as they reached climate and security deals.
The maneuvering came during a conference of Pacific Rim economies held in Beijing
that has showcased China’s growing dominance in Asia, but also the determination of the
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United States, riding a resurgent economy, to reclaim its historical role as a Pacific
power.
Adding to the historic nature of the visit, Mr. Obama and Mr. Xi were scheduled to give a
joint news conference on Wednesday that will include questions from reporters — a rare
concession by the Chinese leader to a visiting American president.
On Tuesday evening, Mr. Xi invited Mr. Obama to dinner at his official residence, telling
his guest he hoped they had laid the foundation for a collaborative relationship — or, as
he more metaphorically put it, “A pool begins with many drops of water.”
Greeting Mr. Obama at the gate of the walled leadership compound next to the Forbidden
City, Mr. Xi squired him across a brightly lighted stone bridge and into the residence. Mr.
Obama told the Chinese president that he wanted to take the relationship “to a new level.”
“When the U.S. and China are able to work together effectively,” he added, “the whole
world benefits.”
But as the world witnessed this week, it is more complicated than that. Mr. Xi won
approval Tuesday from the 21 countries of the Asia-Pacific Economic Cooperation forum
to study the creation of a China-led free-trade zone that would be an alternative to Mr.
Obama’s Trans-Pacific Partnership, a 12-nation trading bloc that excludes China.
On Monday, Mr. Obama met with members of that group here and claimed progress in
negotiating the partnership, a centerpiece of his strategic shift to Asia.
Negotiations for the Trans-Pacific Partnership are much further along than those for the
nascent Chinese plan, known as the Free Trade Area of Asia Pacific, and some analysts
said the approval by the Pacific Rim nations of a two-year study was mainly a gesture to
the Chinese hosts to give them something to announce at the meeting.
For all the jockeying, the biggest trade headline was a breakthrough in negotiations with
China to eliminate tariffs on information technology products, from video-game consoles
and computer software to medical equipment and semiconductors.
The understanding, American officials said, opens the door to expanding a World Trade
Organization agreement on these products, assuming other countries can be persuaded to
accept the same terms. With China on board, officials predicted a broader deal would be
reached swiftly.
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“We’re going to take what’s been achieved here in Beijing back to Geneva to work with
our W.T.O. partners,” said Michael B. Froman, the United States trade representative.
“While we don’t take anything for granted, we’re hopeful that we’ll be able to work
quickly” to conclude an expansion of the agreement, known as the Information
Technology Agreement.
On Wednesday morning, Mr. Xi formally welcomed Mr. Obama at a ceremony in the
Great Hall of the People; they later toasted each other at a state banquet.
Administration officials said Mr. Obama had pressed Mr. Xi to resume a United StatesChina working group on cybersecurity issues, which abruptly stopped its discussions
after the United States charged several Chinese military officers with hacking.
“We did see a chill in the cyber dialogue,” said Benjamin J. Rhodes, the deputy national
security adviser. “We do believe it’s better if there’s a mechanism for dialogue.”
On Tuesday, Mr. Obama credited APEC with originating the work on reducing tariffs,
saying, “The United States and China have reached an understanding that we hope will
contribute to a rapid conclusion of the broader negotiations in Geneva.”
Talks with China over expanding the 1997 accord on information technology broke down
last year over the scope of the products covered by the agreement. But after intensive
negotiations leading up to Mr. Obama’s visit, Mr. Froman said, the Americans and the
Chinese agreed Monday evening to eliminate more than 200 categories of tariffs.
While the United States still exports many high-technology goods, China is the world’s
dominant exporter of electronics and has much to gain from an elimination of tariffs.
Taiwan, South Korea and Japan increasingly find themselves supplying China’s huge
electronics industry, deepening their dependence on decisions made in Beijing.
The administration estimated that expanding the Information Technology Agreement
would create up to 60,000 jobs in the United States by eliminating tariffs on goods that
generate $1 trillion in sales a year. About $100 billion of those products are Americanmade. The administration faces a longer path on the Trans-Pacific Partnership, including
whether Mr. Obama will obtain fast-track trade authority from Congress. That could
make it easier for the United States to extract concessions from other countries, since
they would have more confidence that the treaty would be ratified by Congress.
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Appendix G
_____________________

Slide 1

PSTL 1163: Physics by
Inquiry
Environmental connections
Unit 2 : What Does it Mean to Conserve?
Day 1: Mass Conservation from a Physics Perspective

______________
_____________________
______________
________________

_____________________

Slide 2

______________
• 1.What does conservation mean in Physics, what does it mean in
most media?
• 2. What are differences and similarities between the idea of
conservation in physics and popular media.

_____________________
______________
_______________
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_____________________

Slide 3
Conservation according to dictionary.com
• noun 1. the act of conserving; prevention of injury, decay, waste, or
loss; preservation: conservation of wildlife; conservation of human
rights.
• 2. official supervision of rivers, forests, and other natural resources in
order to preserve and protect them through prudent management.
• 3. a district, river, forest, etc., under such supervision.
• 4. the careful utilization of a natural resource in order to prevent
depletion.
• 5. the restoration and preservation of works of art.

______________
_____________________
______________
__________________

_____________________

Slide 4
Conservation: a science perspective
• Antoine Lavoisier’s 1789 discovery - the
total amount of mass in any system stay
the same after a reaction has occurred
• Conservation of Mass is a chemistry
fundamental.
• Most atoms are not converted to others.
• Atoms formed from fusion reactions in
earlier stars.
• Atoms cycle: some atoms exist buried as
coal for 65 million years

______________
_____________________
______________
___________________
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_____________________

Slide 5

______________
• Considering the near infinite amounts of
reactions happened in the ecosystem.
• Does the input always = the output

_____________________

• Ecosystems are not closed systems so
the answers may vary depending on the
carbon inputs and outputs

______________
______

_____________________

Slide 6

______________
_____________________
Mass balance - relative amount of carbon dioxide in environment
1. Steady, when input = output
2. Increase if input > output
3. Decrease if input < output

______________
__________________
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_____________________

Slide 7

______________
• Chemistry/biology review
• Photosynthesis and respiration

_____________________

• How many carbon, oxygen, and hydrogen atoms are in
the reactant side? How many are in the product side?

______________

• How does this show conservation of matter?
• How are these equations balanced?

___________________

_____________________

Slide 8

______________
• Think about a forest burning and latter regenerating –
• How does burning something show conservation of mass?
• Compare the amount at atoms before burned to after?

_____________________
______________
_______________
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_____________________

Slide 9

______________
• Is mass really conserved?
• Energy can be converted to mass. E=MC2

_____________________

• Energy and mass con be considered the same thing, this physical
quantity is conserved.

______________
_______________

_____________________

Slide 10
Conservation of momentum
• P = mv

______________

MV + MV = MV + MV

• Billiards example – if you hit a cue ball it has
kinetic energy which is transferred to the eightball
during the collision. The cue ball loses energy and
the eight ball gains energy. Energy is not created
or destroyed.

_____________________
______________

• Think of 3 examples of energy transfer and
conservation in everyday life

__________________

http://3.bp.blogspot.com/_cZJ6Ry60TGA/TL0lmDkD0hI/AAAAA
AAAAFY/e0qUKdG_Fno/s1600/Conservation+of+Momentum.p
ng.jpg
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_____________________

Slide 11
Conservation of Energy
• Conservation laws and thermodynamics –
• Energy cannot be created or destroyed so why do things slow
down and appear to lose energy?
• Friction! – energy is transferred to objects via heat.

______________
_____________________
______________

• Average kinetic energy is conserved because particles speed up
See applet http://phet.colorado.edu/sims/friction/friction_en.html

__________________

_____________________

Slide 12
Laws of thermodynamics

______________

• 1st law – energy can not be created or destroyed
• 2nd law – entropy of any system not in thermal equilibrium always
increases
• Question : How does a cue ball hitting a 8 ball show entropy?

_____________________
______________

• Is a perpetual motion machine possible?

________________
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_____________________

Slide 13
• What are differences and similarities in the idea of conservation from a
physics perspective and an environmental perspective?
• Similarities both involve a system of input and output

______________
_____________________
______________
_____________________

_____________________

Slide 14

______________
_____________________
______________
________________
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_____________________

Slide 15
Sources
• http://www.nature.com/scitable/knowledge/library/the-conservation-ofmass-17395478 from the dept of Ecology, Evolution and Behavior
• Next readings
• http://www.nytimes.com/2011/07/11/opinion/11Prager.html
• Uranium to Electricity: The Chemistry of the Nuclear Fuel Cycle
Frank A. Settle
Department of Chemistry, Washington and Lee University, Lexington, VA
24450;

______________
_____________________
______________
_________________

_____________________

Slide 16
Homework

______________

• Prove you read it
• Effp pages 179-198

_____________________

• http://www.nytimes.com/2011/07/11/opinion/11Prager.html - how
can sea power the world

______________
_____________________
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Appendix H

http://appvoices.org/2013/10/08/court-to-epa-get-moving-oncoal-ash/

www.nesec.org-Power lines impact visual landscape and require modifications to the
environment
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Appendix I

Physics by Inquiry environmental Integration survey

Please complete the survey. In order to help guide my planning for next year and
provide feedback to the University in terms of environmental intergration.
Rank the following questions
1 (strongly disagree) 2 (disagree) 3 (mutual) 4 (Agree) 5 (strongly agree)

1. Having the environmental integration was useful. ________
2. I recommend using parts of the environment for next year’s class _______
I enjoyed
3.
4.
5.
6.

Energy Summit ____________
Energy for future presidents discussions and reading ___________________
Lifestyle Project ________________
Nuclear debates ___________

Please provide additional comments and suggestions on the environmental
integration piece
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Appendix J
Physics by Inquiry environmental Integration survey
Please complete the survey. In order to help guide my planning for next year and
provide feedback to the University in terms of environmental intergration.
Rank the following questions
1 (strongly disagree) 2 (disagree) 3 (mutual) 4 (Agree) 5 (strongly agree)

1.

Having the environmental integration was useful. ________

2. I recommend using parts of the environment for next year’s class _______
I enjoyed
3. Energy Summit ____________
4. Energy for future presidents discussions and reading ___________________
5. Lifestyle Project ________________
6. Nuclear debates ___________

Please provide additional comments and suggestions on the environmental integration
piece
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Appendix K
PHYSICS BY INQUIRY (4 credits)
(meets CLE Physical Science w/Lab Core and Environment Theme requirements)

Schedule and Location:
MW 2:30 – 4:25 p.m. Burton 227

Tests:
Quizzes: Sept 17, Oct 1, Oct 22, Nov 5, Nov 24
Final Exam:

TBA

Staff:
Instructor:
contact)

Leon Hsu

(preferred method of

250B Burton Hall
TAs:
bakke365@umn.edu

phone: 625-3472

Claire Bakke
Davram Micheau

miche190@umn.edu
Haley Nelson
nels8057@umn.edu
John Piekarski
piek0030@umn.edu
Alexa Swan
swanx113@umn.edu
Office Hours:

T 11-12 and W 1-2 in 250B Burton and by appointment

Required materials:
1. Text: Course packet for PSTL 1163. Available at the Coffman Union bookstore.
2. Notebook: A notebook in which to record lab observations is required.
3. Calculator: A simple calculator (graphing and scientific functions are not
needed) will help with many of the labs and tests. Cell phones may not be used.

Course website and general information:
The Moodle course website can be accessed by logging in at moodle.umn.edu.
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Pre-requisites:
There are no pre-requisites for this course.

COURSE DESCRIPTION
Course goals and format
The goals of PSTL 1163 are to help students (1) create their own understanding of some
fundamental concepts in physics by working in a way similar to scientists, (2) use those
physics concepts to understand environmental issues and develop solutions to
environmental problems, and (3) develop skills for scientific argumentation, i.e.,
justifying a claim with evidence. Students will learn science through working in small
groups to perform experiments, creating and refining explanatory models for how things
work, and discussing their results with peers to develop consensus models. This process
of making observations of experiments, developing models, and discussing the results
with peers is the essence of what scientists do. Interwoven with the lab experience will be
mini-lectures and other in-class activities in which students will see how the physics they
are learning can be applied to understanding and solving problems related to
environmental issues.
Emphasis is placed on students knowing the evidence justifying their science knowledge,
being able to apply that knowledge to novel situations, particularly those involving the
natural environment, and being able to explain their reasoning.
CLE core: Physical Science with Lab
PSTL 1163 imparts an understanding of physical phenomena by analyzing and describing
the nature, constitution, and properties of non-living matter and energy. There are three
broad topics:
* Electric circuits: in which students develop a current model of electricity by building
and testing circuits composed of batteries, light bulbs and switches, and analyze
electric circuits
* Light and color: in which students perform experiments using different types of bulbs
and masks to develop a model for the propagation of light and to learn about the
physics of color perception and interactions between colored light and pigment.
* Astronomy by Sight: in which students use observational evidence to develop and test
a model of how the Earth, Moon, and Sun interact to create the seasons and the
changing appearance (phases) of the moon), in addition to measuring the size of the
Earth, understanding how the calendar was developed, etc.
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PSTL 1163 provides students with practice in the scientific method, collecting and
analyzing data from observations of the natural world, then using that data to formulate
models of physical phenomena, then testing and refining those models empirically using
experiment or further observation. These are the activities of professional scientists.
Occasionally, students will design their own experiments to test their theories or
manipulate data sets to answer a question. This laboratory component lasts, on average, 3
to 3.5 hours per week.
Students will perform mathematical analyses in the description and elucidation of natural
phenomena by calculating quantities such as the sizes of images and shadows formed by
light, the current through the elements of an electric circuit, or the date and time a
photograph was taken based on shadows in the picture.
Finally, students will learn the goals of the field of physics and how physics fits in with
other disciplines. Students will also learn about aspects of physics that will be applicable
to their future studies, their careers (regardless of what it is), and being engaged citizens,
such as using evidence to justify a claim.
CLE theme: Environment
Environmental issues are no longer only the purview of professional scientists and policy
makers. To be a constructive and involved citizen, it is imperative to understand, at least
at a basic level, the issues and science behind environmental problems. In this course, the
learning of physics concepts is motivated by environmental issues and problems and
students will demonstrate an understanding of the relationship between the sustainability
of solutions to environmental problems and the ethics and values of society through
studying the policies and politics around the issues. There are four broad topics, each
associated with a physics unit:
• Energy generation: How is electricity generated? In what way do these processes
affect the environment? How can these impacts be minimized? What are the policies
surrounding the production and distribution of energy? (Electric circuits)
• Light pollution: What is light pollution and how does it impact the environment?
What are the effects of light pollution on individual animals and on ecosystems?
What are emerging technological solutions?
• Solar energy: How do we get usable energy from the sun? What are the practical and
technological limits of solar energy? What are the advantages and disadvantages of
solar energy compared to other energy sources? How does policy support the
adoption or non-adoption of solar energy? (Light and Color)
• Climate change and scientific proof: What constitutes scientific proof? What are the
indicators and evidence behind claims of global climate change? How are standards
of scientific proof applied in investigations of incidents of harmful pollution? In what
ways is public policy around climate change and pollution consistent or not consistent
with standards of scientific proof? (Astronomy by Sight)
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Each unit begins with an overview of the issues and some of its related problems.
Students then learn some relevant physics, while making connections between the
physics and the problems and proposed solutions relevant to the environmental issue.
Liberal education
The Merriam-Webster online dictionary (www.m-w.com) defines “liberal education” as
“college or university studies (as language, philosophy, literature, abstract science)
intended to provide chiefly general knowledge and to develop general intellectual
capacities (as reason and judgment) as opposed to professional or vocational skills.” This
is one of the crucial differences between education at a university and education at a
vocational training school. In today’s increasingly interconnected world, many of the
most important advances are made by combining knowledge from two or more fields or
by applying knowledge and techniques from one field to another. Problem-solving, in
which a worker is expected to be able to deal successfully with non-routine situations,
along with the ability to work productively with diverse colleagues, are now highly
valued skills. A knowledge of the ways in which scientific knowledge is created,
developed, and tested is a crucial part of a liberal education, in addition to being a
necessary ingredient of an informed and educated citizen capable of making good
decisions.

Student learning outcomes
Of the seven student learning outcomes specified by the University of Minnesota, PSTL
1163 will help students to advance their competency in the following four:
• Can identify, define, and solve problems (by studying environmental issues and
applying the physics principles learned to propose and evaluate solutions to
environmental problems)
• Have mastered a body of knowledge and a mode of inquiry (by learning fundamental
physics principles through guided experimentation and practicing the development
and refinement of explanatory theories)
• Can communicate effectively (by discussing physics and environmental problems
with lab partners in formal lab groups and course staff and through writing
assignments involving making scientific arguments)
• Understand the role of creativity, innovation, discovery, and expression across
disciplines (by using their imagination to create models and develop theories for how
things work based on observational evidence, as well as by envisioning solutions to
environmental problems)
Who should or should NOT take this course?
This course is designed for students who (1) want a more “hands-on” science course, (2)
are not necessarily confident in their ability to do science, and/or (3) are or are thinking
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of becoming elementary education majors. Students who (1) have commitments that
would cause them to miss or be late for class, (2) want to learn a lot of information about
a lot of different topics in science, and/or (3) are not willing to work intensively with a
group every day in class or to write a lot, should probably choose to take a different
science course.

GRADING
Question of the Day
Pre/post-assessments
Journal entries
Peer Evaluations
3 Mini-papers

5%
15%
10%
5%
20%

100% – 85%

A/A– (S)

84.9% – 70%

B+/B/B– (S)

69.9% – 55%

C+/C/C– (S)

5 Quizzes
Final Exam
––––––––––––––––––––––––––––––––––––––
Total Possible

30%
15%

54.9% – 45%

D+/D (N)

44.9% or less

F (N)

100%

Attendance
To encourage cooperation, grades
Students are expected to be in class and working for the full time.
Attendance
will besomeone
are not
curved. Helping
taken five minutes after the start of class and five minutes before
of class.
a hurt a
elsethe
to end
do better
will If
never
student is absent at either time, it will be counted as one-half ofstudent’s
an absence.
All
absences
own grade.
except for those due to university sponsored events are counted the same way. This
includes absences due to illness, to attend funerals, etc.
•
The first 2 absences do not incur any direct penalty.
•
A third absence results in a 7.5% deduction to a student’s overall average.
•
A fourth absence results in a second 7.5% deduction to a student’s overall
average.
•
Five or more absences will result in an “F” for the course.
Because this class is centered on group discussions, students play an important role in the
learning of their lab partners, in addition to their own. Therefore, attendance is essential
and thus the rather strict attendance policy. Cell phones should be shut off and put away
during class. Each time any of the course staff see a student using a cell phone during
class, that student will be charged half an absence.
Question of the Day:
At the beginning of every class, a Question of the Day (QoD) will be posed. This is a
short written question based on previous class work and its purpose is as a quick review
and warm-up at the beginning of each class. Students are encouraged to discuss their
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answers with their lab partners or other students. For example, students might be asked to
estimate the reduction in CO2 production over one year as a result of replacing a 100W
incandescent light bulb with an equivalent compact fluorescent bulb that uses 23W and
the implications this has for the environment.
Pre/post-assessments:
The purposes of the pre- and post-assessments are to focus your attention on upcoming
topics, to enhance your learning by letting you compare your ideas about a concept
before and after instruction (research shows that this aids in learning), and to help you tie
the physics concepts in class to environmental contexts. Before beginning a new section,
each student completes a pre-assessment individually, which is graded only on
completeness and the quality of the explanations, not their correctness. The student then
works through the experiments in the section with his or her group. Each student then
completes the post-assessment, which consists of the pre-assessment questions plus a few
new ones. Peer collaboration is encouraged during the post-test although a student’s
answers must be his or her own, and students may also get help from the TAs. Post-tests
questions are graded both on correctness and completeness, including students’ ability to
cite evidence supporting their answers and describe the reasoning connecting the
evidence to the answer. For example, a question on the post-test question might ask
students to evaluate the practicality of using solar power to run a car suitable for
everyday use based on the amount of power an engine in a solar powered car might be
able to provide.
Journals:
The journals are designed to help students to reflect on how they learn (research shows
that this process, called meta-cognition, enhances learning), to think about how they
might apply that information to their other classes, to engage in some minor outside
research related to the course, and to give Leon feedback about the course. Journal entries
are due Friday at midnight and must be submitted through the course Moodle site. They
are graded on completeness and thoughtfulness. Because journal questions are always
available for one full week, no late journals will be accepted for any reason. An example
of a journal entry might be to respond to a YouTube video on cognitive science principles
behind effective learning, to rate the various learning activities in the course according to
their effectiveness for you, or to compare and contrast the evidence offered by two
websites making divergent claims about climate change.
Peer evaluations:
Throughout the course, students will have a chance to give their lab partners feedback
and to evaluate both the performance of their lab group and their lab partners
individually. Evaluations are kept confidential. Students will work with a different group
for each of the three units to give them a chance to work with more people.
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Mini-papers:
This assignment gives students a chance to apply the physics and scientific reasoning
skills they’ve learned to a topic of personal interest that is relevant to the environmental
issues discussed in class. The mini-paper format will allow for more in-depth application
and problem solving than is possible in the homework, in-class assignments, or quizzes.
Possible paper topics include evaluating the economics of solar panels for a home in
Minnesota based on values found on the web regarding average insolation in
Minneapolis, the cost of installing solar panels on a house, and other such data;
evaluating a set of evidence related to the claim about the harmful effects of a polluting
chemical (such as the TCE that was found Fall 2013 in homes in the Como
neighborhood), or to find and evaluate the original source of a particular set of data
supporting a given interpretation of global climate change. These 2-3 page papers will be
graded on students’ ability to use evidence to support their argument and ability to
evaluate the quality of the evidence based on criteria discussed in class.
Quizzes and final exam:
Every two or three weeks, there will be a short quiz in class. All quizzes and the final
exam are open-book and open-notes. There are no quiz make-ups. The score of a
missed quiz will be replaced by a student’s final exam score. To encourage students to
help their lab partners, if a group’s average score on the individual part of a quiz is
greater than 80%, a bonus of 5% will be added to the grade of everyone in the group.
Part of each quiz will be taken as a group. However, if you miss more than 2 classes
during the lead up to a quiz, you are not eligible to participate in the group section and
you will lose those points automatically. Also, if you are more than 10 minutes late for
the group part of the quiz, then you will not receive any credit for the group questions.
The quizzes and final exam will assess your ability to apply your knowledge about
physics and the environment to situations you have not yet encountered in class, similar
to the questions on the pre/post-assessments and the questions of the day. For example,
students might be asked to identify some of the assumptions in a given line of reasoning
about the toxicity of a particular chemical. The questions on the quiz will often require
you to justify your answers with evidence and to connect the evidence to your answers
using scientific reasoning. Even if your answer to a problem is correct, you will receive
full credit for the answer only if the reasoning and evidence justifying your answer are
correct.
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Schedule (approximate)
Unit 1 Electric Circuits / Energy Generation and its Environmental Impact
Week 1 (Sept 3)
Mini-lecture (ML): Motivating question: How is energy generated and what is the
impact on the environment? How can these impacts be minimized?
Lab: Electric Circuits (EC) 1
Due 9/5: Journal #1
Week 2 (Sept 8, 10)
ML 1: Basics: What is electricity? What are the physics concepts of current? voltage?
power? energy?
ML 2: Electricity generation: What are the different methods by which electricity is
generated?
Lab: EC 1 and 2
Due 9/12: Journal #2
Week 3 (Sept 15, 17)
ML 1: America’s energy profile: How much electricity is generated by each of the
different methods? How is the electricity used?
Lab: EC 3
Due 9/19: Journal #3
Quiz 1 on 9/17
Week 4 (Sept 22, 24)
ML 1: Environmental impact: What are the environmental impacts of energy generation?
How much and what types of pollution result from the generation of electricity?
ML 2: Energy efficiency: What are the largest sources of energy use? How can energy
use be reduced most efficiently?
Lab: EC 4
Due 9/21: Journal #4
Week 5 (Sept 29, Oct 1)
ML 1: Policy: What does America’s energy policy look like? How is it used to
encourage/discourage different methods of energy production or conservation? How
has it impacted the environment?
Lab: EC 4
Due 10/3: Journal #5
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Quiz 2 on 10/1
Unit 2 Light and Color / Light Pollution and Solar energy
Week 6 (Oct 6, 8)
ML 1: Motivating question: What is light pollution and why should we care?
ML 2: Health effects: What effects does light pollution have on individual animals and
humans?
Lab: Light and Color (LC) 1 and 2
Due 10/10: Journal #6, Mini-paper 1
Week 7 (Oct 13, 15)
ML 1: Ecosystems: What effects does light pollution have on ecosystems?
ML 2: Future prospects: What are the prospects for technological solutions to light
pollution? What are the policies surrounding light pollution?
Lab: LC 2 and 3
Due 10/17: Journal #7
Week 8 (Oct 20, 22)
ML 1: Motivating question: How does solar energy work and what are its prospects for
becoming a significant source of energy? How do we get electricity from thermal
solar energy?
Lab: LC 4 and 5
Quiz 3 on 10/22
Due 10/24: Journal #8
Week 9 (Oct 27, 29)
ML 1: Photovoltaics: How do we get electricity from photovoltaic solar cells? What are
the environmental impacts of solar energy?
ML 2: Public policy: What are the policies relevant to solar energy? How have they
evolved and spurred development in solar technology?
Lab: LC 6
Due 10/31: Journal #9
Week 10 (Nov 3, 5)
ML1: Solar cell technology: How has the technology for generating electricity from solar
cells advanced? What are the prospects for the future?
Lab: LC 7
Due 11/7: Journal #10
Quiz 4 on 11/5
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Unit 3: Astronomy by Sight / Evidence in global climate change and pollution studies
Week 11 (Nov 10, 12)
ML 1: Motivating question: How is evidence used in investigations related to the
environment, in particular in determinations of global warming/climate change and
toxicity of pollutants?
ML 2: Scientific “proof”: What does it mean to “prove” something in science?
Lab: Astronomy by Sight (AbS) 1
Due 11/14: Journal #11, Mini-paper 2

Week 12 (Nov 17, 19)
ML 1: Earth’s history: How is evidence used to determine environmental conditions in
Earth’s distant past?
ML 2: Climate change: On what evidence do scientists rely when studying global climate
change?
Lab: AbS 2 and 3
Due 11/21: Journal #12
Week 13 (Nov 24, 26) Thanksgiving
ML1: Risk assessment: How is evidence used to determine whether a substance has an
adverse affect on the environment?
Lab: AbS 4 and 5
Quiz 5 on 11/24
Week 14 (Dec 1, 3)
ML 1: Shifting paradigms: How has the development of environmental science affected
the paradigms under which science is performed?
ML 2: Standards of proof: How has the development of environmental science affected
scientific standards of “proof” and environmental policy?
Lab: AbS 5 and 6
Due 12/5: Journal #13
Week 15 (Dec 8, 10)
AbS 7 and 8
ML 1: Future of environmentalism: How has the public perception of environmentalism
evolved and what are its prospects in the future?
Due 12/14: Journal #14, Mini paper 3
FINAL EXAM TBA
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List of Readings for PSTL 1163
Readings not easily accessible on the web will be included in the course packet. The
reading list will also be updated periodically to be responsive to new information.
Unit 1: Electric Circuits/Energy Generation and its Environmental Impact
The energy landscape
Richard A. Muller, Energy for Future Presidents, Norton:New York, 2012, pp. 77-138.
United States Energy Consumption
http://www.eia.gov/energyexplained/index.cfm?page=about_home
Environmental impacts of some energy sources
http://www.eia.gov/energyexplained/index.cfm?page=environment_home
http://www.eia.gov/energyexplained/index.cfm?page=oil_environment
http://www.eia.gov/energyexplained/index.cfm?page=coal_environment
http://www.eia.gov/energyexplained/index.cfm?page=natural_gas_environment
http://www.eia.gov/energyexplained/index.cfm?page=nuclear_environment
Two perspectives on fossil fuels
The Clean Air Task Force, a non-profit public health and environment advocacy group
http://www.catf.us/fossil/problems/
Explore the following website for a perspective from the coal industry
http://americaspower.org
Carbon Capture and Sequestration
http://www.catf.us/resources/publications/files/Coal_Without_Carbon.pdf
Policies on nuclear energy
http://www.world-nuclear.org/info/Country-Profiles/Countries-T-Z/USA--NuclearPower-Policy/
United States Energy Policy
http://en.wikipedia.org/wiki/List_of_United_States_Energy_Acts
Introduction to the Smart Grid
http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/DOE_SG_Book_Single_P
ages(1).pdf
Economics of energy generation
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For reference only:
Levelized Cost and Levelized Avoided Cost of New Generation Resources in the
Annual Energy Outlook 2014
http://www.eia.gov/forecasts/aeo/pdf/electricity_generation.pdf
Electric circuits (for in-class labs)
Lillian C. McDermott and the University of Washington PEG, Physics by Inquiry, vol. 2,
Wiley:New York, 1996, pp. 383-417 and 494-502.
Unit 2: Light and Color/Light Pollution and Solar energy
Health effects of light pollution
Ron Chepesiuk, “Missing the Dark: Health Effects of Light Pollution,” Environ Health
Perspect. Jan 2009; 117(1): A20–A27.
Available at: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2627884/
Effects of light pollution on ecosystems
Travis Longcore and Catherine Rich, “Ecological light pollution,” Front Ecol Environ
2004; 2(4): 191–198.
Available at: http://www.esajournals.org/doi/pdf/10.1890/15409295%282004%29002%5B0191%3AELP%5D2.0.CO%3B2
Solar energy: Overview
Richard A. Muller, Energy for Future Presidents, Norton:New York, 2012, pp. 139-158
Electricity generation from solar energy
http://www.ucsusa.org/clean_energy/our-energy-choices/renewable-energy/how-solarenergy-works.html
Solar cell efficiency chart
http://www.nrel.gov/ncpv/images/efficiency_chart.jpg
Energy wars
Scientific American: The Clean Energy Wars: Fight over Rooftop Solar Forecasts a
Bright Future for Cleaner Energy
Available at: http://www.scientificamerican.com/article/fight-over-rooftop-solarforecasts-a-bright-future-for-cleaner-energy/
Environmental impact of solar energy
http://www.eia.gov/energyexplained/index.cfm?page=solar_environment
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Light and Color (for in-class labs)
Lillian C. McDermott and the University of Washington PEG, Physics by Inquiry, vol. 1,
Wiley:New York, 1996, pp. 225-276.
Unit 3: Astronomy by Sight/ Evidence in global climate change and pollution studies
Global warming and climate change
Richard A. Muller, Energy for Future Presidents, Norton:New York, 2012, pp. 38-76.
IPCC Fourth Assessment Report: Climate Change 2007
Historical Overview of Climate Change Science, pp. 95-121
Available at: http://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch1.html
IPCC Fifth Assessment Report: Climate Change 2013 – The Physical Science Basis
Technical summary, pp. 36-52
Available at:
http://www.climatechange2013.org/images/report/WG1AR5_TS_FINAL.pdf
Scientific proof in public health and pollution studies
Sylvia N. Tesh, Uncertain Hazards: Environmental activists and scientific proof, Cornell
University Press:Ithaca, 2000, pp. 24-39 (Environmental Health Research) and pp. 62-80
(Environmentalist Science)
Astronomy by Sight (for in-class labs)
Lillian C. McDermott and the University of Washington PEG, Physics by Inquiry, vol. 1,
Wiley:New York, 1996, pp. 325-378.
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