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The purpose of this missive is to detail the construction and teaching thereof of an 
introductory course in the environmental sciences. Details are provided regarding the 
structuring of the course, objectives and requirements as well as common difficulties 
encountered during teaching of said course. 
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EGEE101: Energy and the Environment is a course that meets for 1 hour 15 
minutes twice per week that addresses a broad range of topics dealing with 
energy and climate change. The course is listed as a hybrid course, so in 
addition to in-person lecture and discussion, there is a significant amount of 
coursework through our learning management system, Canvas.  The course is 
listed as a science course for non-science majors, and is open to any level of 
student. For students looking to fulfill a science requirement in a social 
sciences or humanities majors, it is a popular option, due to the interests in the 
topics (students are curious about weather events, climate change, electric 
vehicles and the like).  For students who are not in STEM disciplines, it is a 
unique opportunity to increase their science literacy and engagement with 
science and data.  The course is taught once a year and typically fills with the 
maximum of 30 students.  

 

Students who enter this course come from a variety of backgrounds and majors, 
as well as a variety of college standing. Some students are first semester 
freshmen, while others are seniors completing their final course requirements. 
This course gives students a basic understanding of energy and energy usage as 
well as engaging with current questions about climate, weather and climate 
change. As students come from a variety of backgrounds, both in college 
coursework/preparation and in science literacy, it is a challenge to engage the 
entire class in discussion and data dissection at a sufficiently challenging yet 
not unreachable level.  In order to meet this challenge, I approach the course 
from the perspective of scientific inquiry. By initially introducing the class to 
the scientific inquiry process, I provide students a framework with which to fit 
existing knowledge and to place new knowledge. The central graphic for the 
course is the wheel of scientific inquiry, shown in Figure 1.  

Abstract 
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Figure 1: Activity model for scientific inquiry (Constructed by author) 

Similarly, the coursework is structured such that it follows the wheel of 
scientific inquiry through the progression of course topics. The course begins 
by exploring the observations we have made with respect to weather and 
climate, for example, by asking students to research an extreme weather event 
and present their findings in the form of a discussion post or course 
presentation.  Through this lens, students are invited to consider the 
relationship between these events and changing climate. Once they begin to see 
the linkages between current events and the larger picture of climate change, 
they are asked to think about what we know and what might be responsible for 
this, leading to the second focus of the course on energy. Students then 
“investigate the known” by learning about energy and energy usage from a 
global perspective, then narrowing to the national picture, then narrowing 
further to the local energy portfolio. By starting students with the global 
perspective, it helps them to place their learning in context.  This part of the 
course also engages with data analysis, by exploring the decadal energy 
portfolio across the globe. Students also analyze data that describes the rise of 
the shale gas industry in Pennsylvania by creating graphs that show the 
changing energy portfolio. A challenge with this class is that some students 
have varied experience in data analysis, though most understand the 
importance of data in a changing industry. While many have fundamentals of 
data analysis, not all share these experiences. To overcome this challenge, I 
provide students with in-class exercises, resources and data sets that we work 
with collectively early in the semester (e.g., via informationisbeautiful.net and 
Kaggle), and practice handling data sets and with Excel. It should be noted that 
the advantages to working with repository services like Information is 
Beautiful and Kaggle is that they are readily accessible and offer accessible 
public data sets, with some data sets already arranged in easily-digested format 
(e.g. Information is beautiful). These resources are among the largest online 
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data repositories for data science, with both sites being well-received by 
students. I have found that information begins to have meaning for students 
when they can engage with it themselves (for example, graphing the 
atmospheric carbon dioxide data from Mauna Loa Observatory which is 
available on Kaggle) rather than merely looking at a graph.  Notably, while the 
use of publicly accessible data sets comes with its own challenges, students 
learn about the best practices associated with selecting appropriate data sets 
and how to discern quality resources for their use. Throughout the use of these 
exercises, and work with these data sets, examples of data analysis in science 
and the practices of data sharing are given (e.g. within journals such as Nature 
and Science).   

 

A second challenge to the course is the science literacy of students.  To connect 
principles and use data in a meaningful way, students must overcome a variety of barriers 
to learning including difficulty understanding complex Earth system phenomena, and an 
over-reliance on personal experience, and learn to make decisions based on evidence 
rather than affect and values (Grotzer and Lincoln, 2007, Weber, 2010, Kahan et al., 
2012) To help students better understand complex Earth systems, there are two texts 
required for the course; Earth: An Operator’s Manual by Richard Alley (2011) and 
Drawdown: The Most Comprehensive Plan Ever Proposed to Reverse Global Warming 
(Ed. Paul Hawking, 2017).  Students are required to read sections of the text, answer 
questions in their notebooks using OneNote as they are reading and then engage in course 
discussions about the material.  To foster effective science learning, students use the 
collaboration tab in OneNote as part of their course notes to answer questions targeted 
toward common misconceptions regarding energy and climate change. By bringing 
questions out into the open, students can learn from each other to foster evidence based 
decision making as well as minimize their reliance on personal experience when 
evaluating information.  As part of learning to base decisions on evidence, students are 
also expected to attend a session within our library that addresses how to evaluate a 
source and what scholarly artifacts are available to students. The challenge of science 
literacy is also addressed via the web component of the course. Each week, students are 
required to login to an external repository of material that covers topics such as electricity 
usage, fossil fuels, and transportation. This is a series of webpages that include videos, 
infographics and text that cover foundational knowledge that students may not have at all 
or need a refresher on prior to coming to class.  
The following syllabus has been delivered to sections of the EGEE101: Energy and 
Environment course. The goals of the course are, in brief, to help students develop 
scientific literacy with respect to the topics of energy and climate change.  Subsequently, 
students are required to read and discuss relevant texts, and develop data visualization 
skills to support understanding of complex Earth systems in the context of the course.  
Exercises, projects, and other details are outlined below. In my instruction of the course, I 
seek to foster a learning environment where students see how the scientific inquiry 
process can be applied to the understanding of the complex topics of energy and climate. 
 

In EGEE101: Energy and Environment, the course meets twice per week for 1 
hour 15 minutes. The course is capped at 30 students and is usually completely 
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filled. It meets in a standard classroom equipped with whiteboard friendly 
tables seating 4 students, a large screen and two TVs that mirror the screen. All 
students are equipped with iPads are part of the Digital Fluency initiative at 
Penn State Greater Allegheny as well as access to the learning management 
system of Canvas which is available to all students in the Penn State system.  
There are two texts required for the course. Earth: An Operators Manual by 
Richard Alley (2011), and Drawdown: The Most Comprehensive Plan Ever 
Proposed to Reverse Global Warming (Ed. Paul Hawking, 2017). Both are 
available to students through the campus bookstore and retail for less than $20 
for each copy, making each very affordable. The two texts are discussed in 
tandem; Earth: An Operators Manual reviews the usage of energy over the 
course of human history in the context of global climate change, and 
Drawdown offers a range of solutions proposed by scientists to reverse global 
climate change. Both texts are read and discussed in class to support student 
inquiry and engagement with the topics of energy and climate change. In order 
to assess student learning, student participate in a pre and post assessment that 
measures their climate change knowledge and perceptions (Walker and 
McNeal, 2013). 
The class is structured to follow the scientific inquiry process through the 
course of the semester. Students begin by examining current weather events, 
begin to tie those events to climate change and energy usage and culminates in 
a course presentation that showcases their understanding of an energy or 
climate related topics. This course presentation requires the student to utilize 
the scientific inquiry process to illustrate the relationship between energy usage 
and climate changes and challenges 

Upon completion of the course, the student will: 
1. Understand the theories and concepts of the scientific inquiry process as applied in the 
context of energy and climate change. 
2. Utilize dimensional analysis, modelling, and critical reading to better understand the 
relationships between energy usage and climate change. 
3. Develop skills in working others as a team to understand the resources, constraints, and 
population factors that contribute to climate change.  
4. Apply this content in practice by engaging with an energy topic and designing a 
solution to address a climate change challenge.  
evaluation framework, methodology, and corresponding instrumentation. 
5. Analyze available data sets using appropriate methods to establish quantitative and 
qualitative relationships between energy usage and climate. . 
6. Improve skills in working in small teams, interprofessional communication and written 
and oral 
communication. 
 
Students will be evaluated using a variety of tools, including peer to peer feedback, 
individual marking on notes through OneNote, and traditional quizzes and examinations. 
The final project will require them to fully demonstrate the inquiry process by 
researching a topic about energy as a team (such as natural gas consumption in 
Pennsylvania and its effect on warming climate) and designing a renewable energy 
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solution to mitigate the effects of that energy source. Students will test their hypothetical 
solutions by calculating the effective carbon dioxide reduction from their renewable 
energy source and then evaluate and present their results. By allowing students to choose 
their own energy topics and design solutions, they will have an opportunity to feed their 
curiosity about a course topic in depth as well as to show mastery of the inquiry cycle as 
a whole.  
This course was developed as a response to increased interested in inquiry and research 
by students at Penn State Greater Allegheny, particularly non-science majors. These 
students are infrequently exposed to the research process, or find it intimidating in a 
standard science context. By choosing to guide them through the inquiry process in the 
context of climate change, which has economic, societal and science aspects, we reduce 
the barrier to entry to those students that are intimidated by a traditional science course 
by fostering learning through critical reading and data analysis rather than laboratory. 
Additionally, there are many opportunities for students to engage in inquiry based 
learning by incorporating open access data sets, design challenges and discussion 
questions that allow for dynamic coursework regardless of the major of the student.  
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