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ABSTRACT 

 

Wilson, Patrick. Chemistry Instructors’ Perspectives on Incorporating Climate Change 

Instruction in Undergraduate Chemistry Courses. Published Doctor of Philosophy 

dissertation, University of Northern Colorado, 2023. 

 

 

Education plays an important role in preparing current and future generations for the 

challenges ahead caused by climate change. The purpose of this dissertation was to examine the 

educational influence textbooks and undergraduate instructors have on their students. Three 

studies were carried out to explore these influences on climate change instruction. The first study 

looked at the extent, type, and location of climate change topics across 24 undergraduate general 

chemistry textbooks. Gas chemistry concepts were the most prevalent topic connected to climate 

change. However, the distribution of climate change related material varied considerably across 

books. The majority of climate change content was within peripheral regions of the textbook and 

not in the main text.  

The second study was comprised of a series of 16 interviews of post-secondary chemistry 

instructors evaluating their perspectives on climate change content in their teaching. Most of the 

interview participants discussed the importance of climate change to them personally, but the 

extent of including climate change topics in their teaching varied. Climate change concepts were 

best connected in their instruction by using real-world examples. Instructors who taught the same 

course frequently, had the ability to make changes to the material, and had some previous 

knowledge about the science of climate change, and spoke about being successful in including 

climate change topics in their courses. Some of the restrictions instructors faced to adding 
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climate change into their courses included inadequate time to make changes, a desire to avoid 

any political implications, not enough knowledge about the science of climate change, a lack of 

educational materials (such as textbooks, workbooks, and other activities), and limitations to 

course design. The use of an incremental approach to adding climate change topics was 

discussed as a pragmatic approach for improving teaching climate change in their courses. An 

interdisciplinary strategy was also highly encouraged to institute effective change schoolwide.  

The third study built upon the results of the interview study to develop a national survey 

to examine the perspectives of chemistry instructors nationwide. Chemistry instructors at 259 

postsecondary institutions were contacted resulting in a total response rate of 417 participants. 

Like the interview study, the majority of instructors rated climate change as a highly valued 

topic; however, the majority of respondents either taught climate change peripherally or not at 

all. They also mentioned time constraints as the largest reasons for their courses lacking climate 

change inclusion. Instructors who taught climate change in multiple ways cited agency over their 

course content and interest from their students as important influences over their decision-

making. Gas chemistry, as reflected in the textbook study, was the most common topic area for 

inclusion. Tenure status, teaching experience, academic roles, and year of first appointment were 

not influences on the level of climate change inclusion. The development of accessible and 

integrable materials is needed to bridge the divide between time-constrained instructors and their 

ability to incorporate climate change materials into their undergraduate chemistry courses. 
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CHAPTER I 

INTRODUCTION 

Chemistry plays an important role in the development of many sectors of the modern 

world ranging from agriculture, energy, and industrialization. The progress made throughout the 

end of the 19th century from the Industrial Revolution lays the foundation of consequences for 

the environment. It was during this time that Svante Arrhenius first identified the connection 

between carbon dioxide (CO2) generated from coal burning powerplants as a greenhouse gas and 

that it is responsible for atmospheric warming (Arrhenius, 1897). Throughout the coming century 

more evidence continued to accumulate and implicated greenhouse gases as a source of a 

pending ecological disaster (Doherty et al., 2009). Over the course of these years a multitude of 

scientists, international organizations, and average citizens have sought action to address the 

growing negative effects of climate change. However, these actions have moved slowly or have 

stalled entirely (Shi et al., 2015). 

 Well-meaning, designed, and organized chemistry instruction can operate as a reasonable 

route to a better-informed student who may contribute more meaningfully to society (Gulacar et 

al., 2018). Positioned at the center of this reform is the role that the instructor plays in fostering 

this learning and development. Most current undergraduate chemistry instruction follows the 

structure established in Johnstone’s (1993) triangle, which denotes the instruction of chemical 

content under three fundamental levels: 1) The macroscopic level, the descriptive/observation 

level which encompasses concepts such as color changes, precipitation reactions, mixtures, and 

even explosions; 2) the sub-microscopic level that examines atoms and molecules which includes 
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principles such as structure and geometry; and 3) the symbolic level, which is comprised from 

the previous two levels and interprets those phenomena through mathematics and chemical 

formulas. However, work from Peter Mahaffy (2006), proposed an addendum to Johnstone’s 

triangle through the addition of another point containing the “human element”. Without the 

inclusion of this “human element,” chemical education instruction retains a reputation of 

teaching concepts that are ethereal and disconnected from real-world implications. 

 The selection of educational materials, such as textbooks, can influence the structure and 

delivery of course content (Grossman & Thompson, 2008). The organization and sequence of 

content in a course is often related to the topics found in the course’s textbook (Schmidt et al., 

2002). However, a recent study examining the content of climate change in select undergraduate 

chemistry, biology, and physics textbooks revealed less than 4% of the pages discussed climate 

change (Yoho & Rittmann, 2018). 

 Several other studies have also presented the inclusion and implementation of more 

socially conscious instruction, such as socio-scientific issues (SSI) (Ariza et al., 2021; M. 

Chowdhury et al., 2021; Flener-Lovitt, 2014; T. Sadler, 2011; Wang et al., 2018). These topics 

encompass economic, ecologic, cultural, societal, and politically minded sustainability issues 

(Nuangchalerm, 2010). Student experiences with socio-scientific topics have reported a greater 

understanding of the science underlying the topic and are also motivated in these areas because 

of these knowledge gains (Flener-Lovitt, 2014; Rahayu, 2021; Stolz et al., 2013). However, 

despite the evidence presented by these and other similar studies displaying positive gains in 

student conceptions of content knowledge and motivation in science, the implementation of 

socio-scientific based instruction continues to be low (Nida et al., 2020). Instructors also view 
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the importance of socio-scientific topics though also recognize a gap in incorporating these 

topics within their own instructional course design (Eilks et al., 2018). 

Purpose of the Study 

 The purpose of this dissertation was to examine the educational influence textbooks and 

undergraduate instructors have on their students. This dissertation study examined the gap in 

undergraduate chemistry instructor attitudes toward climate change with their practice of socio-

scientifically minded instruction. Instructors were interviewed and surveyed to gauge their 

perspectives on the importance of climate change in chemistry and understand their thoughts 

regarding the inclusion or incorporation of climate change topics in their instruction. 

Furthermore, strategies for connecting climate change topics were addressed as a means of 

informing on future curricular adaptations. 

 Previous work conducted by Feierabend et al. (2011) examined secondary teacher 

perspectives on climate change over a decade ago in Germany. Our work focused directly on 

undergraduate chemistry professors in the United States to clarify and expand upon the positions 

previously demonstrated from the work of Feierabend. The perspective of these undergraduate 

chemistry instructors was explored according to the following research questions. 

Research Questions 

Q4.1 To what extent are climate change and chemistry concepts connected in general 

chemistry textbooks? 

 

Q4.2 Where is climate change connected to chemistry topics in general chemistry 

textbooks? 

 

Q5.1 How do instructors make decisions about how to include or not include climate 

change in their instruction? 

 

Q5.2 What are instructors’ perspectives on strategies for including climate change and 

other related subtopics in their instruction?  
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Q5.3 In what ways do post-secondary chemistry instructors incorporate climate change 

in their instruction?  

 

Q6.1 At the national level, in what ways do undergraduate chemistry instructors 

incorporate climate change into their courses?  

 

Q6.2 How do post-secondary instructors make decisions about including climate 

change in their instruction? 

 

Q6.3 How are these decisions influenced by teacher thinking, personal and contextual 

factors? 

 

Summary 

The first study looked at general chemistry textbooks because general chemistry is a key 

entry point for many STEM students. General chemistry courses are commonly the only 

chemistry classes some undergraduate students will take. Thus, there is a need to better 

understand the extent that climate change content is included in general chemistry textbooks. In 

this study, the current most popular general chemistry textbooks were examined for their climate 

change content to discover the extent of climate change content presented. 

Next, the second study looked at the role the instructor plays in the delivery of course 

content specific to climate change in chemistry. The decision-making process, along with their 

reasoning for whether to include or not include climate change in their instruction provides 

further understanding for the instructors’ teaching practice. 

The third study took the foundational information gathered from the second study to 

apply the teacher thinking, personal and contextual factors into a nationwide perspective. The 

development and deployment of a national survey was used to capture a broad range of teaching 

perspectives on climate change in chemistry education. 

 These three studies examined the educational influence textbooks and undergraduate 

instructors have on their students.  
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CHAPTER II 

REVIEW OF LITERATURE 

Current Perspectives on Climate 

Change Instruction 

 

 Chemistry has played a central role throughout industrialization. Chemistry education 

shares a responsibility for the development of the modern world and is thus linked with 

providing a more sustainable future. The United Nations adopted the 2030 Agenda in September 

of 2015 as a measure for supporting sustainable development and connecting those implications 

with education (Rosa, 2017). A goal of the 2030 Agenda follows four areas. First, content for 

learning should include important topics, e.g., climate change. Next, learning environments and 

pedagogical designs should place a focus upon exploratory, action-oriented content to create the 

space to allow for transformative learning. Third, focused learning outcomes should examine not 

only current, but future, potential impacts on later generations. Lastly, we should empower 

students in transforming their societies into a greener, more sustainable future. 

 Throughout the last few decades, undergraduate and graduate students have increasingly 

expressed their concerns over the growing implications of climate change. Undergraduate 

students have unanimously identified climate change as a serious threat that is induced by 

humans (Aksit et al., 2018; Corner et al., 2012; A. N. Versprille & Towns, 2015; Wachholz et 

al., 2014). Implementation of climate science topics across undergraduate curriculums have been 

slow to adapt and are reflected in the gap between the topics most concerning to students within 

their collegiate education (Molthan-Hill et al., 2022). 
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 Traditionally chemistry education is approached through the examination of topics 

through the lens of matter. These concept items were later organized into the representation of a 

triangle by Alex Johnstone (1993), to whom the model is aptly named as Johnstone’s triangle. 

Each corner of the triangle represents a core tenant of chemistry education. The macroscopic 

level includes descriptions of chemical changes that the observer can see, such as color changes, 

the formation of precipitates, or even explosions. Next, the sub-microscopic level views the 

molecular interpretations of how these systems operate through concept items such as molecular 

structures, geometries, and mechanisms. Lastly, the symbolic level is left to take the previous 

representations and place them in the context of formulas and mathematics that can adequately 

model and describe each of the previous scientific phenomena.  

One item considered missing from Johnstone’s original model is a fourth category, 

described by Mahaffy (2006) as the “Human Element”, acts to shift the perspective of abstractive 

concepts with a more personal connection to the students and become more integrated with their 

daily lives. These contextual improvements seek an emphasis on topics that reflect the nature of 

science and include social, cultural, and humanistic aspects. Thus, the alteration of Johnstone’s 

triangle emerges more as a tetrahedron which integrates the students as a direct connection with 

the chemistry topics that are covered in their courses. Sadler describes the objectives of a 

responsible scientific curriculum:  

These new goals require deep epistemological conceptual shifts so teachers can transform 

their pedagogical orientation from being purveyors of scientific knowledge to moderators 

and mediators of a classroom culture that mirror society in which students are challenged 

to make informed scientific decisions and exercise moral reasoning (Sadler, 2011, p. 

293).  
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As challenges arise for the current and future generations, education at large should strive 

to align students with the tools to face and overcome these obstacles. For chemistry education, 

the traditional practice of how education is approached cannot continue as business as usual. 

Real-World Connections in Education With 

Socio-Scientific Based Instruction 

Socio-scientific teaching is designed to address the disconnect between real-world topics 

and current curricular course designs (Ariza et al., 2021). Instruction under these paradigms 

focuses on ecological, economic, societal, cultural, and political sustainability. The teaching of 

science topics in coordination with society is not an overtly new perspective. John Dewey (1995) 

drew this connection by suggesting that science taught in school should also incorporate moral 

dimensions. Dewey takes this further by adding that metacognition is essential to the process of 

science and that scientific education is insufficient if the focus remains on ready-made material. 

Socio-scientific issues continue to evolve and provide more areas linking a social connection of 

science with the students to better foster a more globally conscious citizenry. 

Specifically in chemistry education, socio-scientific teaching has been adapted across 

differing areas of the chemistry curricular. For example, topics such as environmental 

sustainability and phosphate mining have been explored to connect students with a reflective 

look on real-life examples of chemistry in action and the implications those processes have on 

sustainability (Zowada et al., 2019). Multilevel assessment structures have been enacted to 

demonstrate the gains that can be obtained through the development of a course that is designed 

around socio-scientific issues (Klosterman & Sadler, 2010). There are also examples of 

laboratories including socio-scientific issues through an argument-based inquiry instruction to 

better develop student understandings of sustainability (Grooms et al., 2014). Each of these 

previous curricular interventions carries a key limitation across their implementation. The active 
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participation of instructors tends to be either limited or low which signifies a general lack of 

expansion of socio-scientific styles of instruction amongst various faculty (Rahayu, 2021). 

The majority of current education research examining the connection of instructors’ 

views on teaching socio-scientific topics issues (such as climate change) was conducted in 

Germany and Indonesia or focused on the secondary education level. One such survey conducted 

in Indonesia by Nida et al. (2020) sought to understand secondary science teachers’ perceptions 

and experience with socio-scientific based education. Though the inclusion of socio-scientific 

based practices varied among the respondents, nearly all viewed such topics as a valuable 

pedagogical vehicle for their instruction. However, the implementation of socio-scientific based 

practices in their classrooms was not carried out very often. The trend of instructors’ holding the 

view of socio-scientific topics as important while also experiencing a gap in their own 

instructional course design is a trend that is repeated in Germany with a similar study design 

(Eilks et al., 2018). 

A case study from Feierabend et al. (2011) focused more specifically upon chemistry 

instructor’s views on climate change and how their views relate to these instructors’ teaching. 

The sampled instructors were chemistry teachers in Germany in grammar and comprehensive 

schools. The majority of those teachers voiced the importance of climate change as an issue, but 

provided a disconnect where climate change would be incorporated into their subjects or broadly 

within the chemistry curriculum itself (Feierabend et al., 2011). Despite presenting such a divide 

between instructor views and practice in their classrooms, no such study exists examining 

instructors at the post-secondary level. This acts as the foundational root where the research 

questions for this study were generated. One of the perspectives of this study was to understand 
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whether the trends observed in other countries were also presented consistently in the 

undergraduate institutions in the United States. 

Theoretical Framework 

The basis and framework for this study was developed through two sources: the Teacher 

Centered Systemic Reform Model (TCSR) created by Gess-Newsome et al. (2003) and 

Visualizing the Chemistry of Climate Change (VC3) created by P. Mahaffy et al. (2017). 

Instructor Centric Model for Conceptual Change 

Educators play a central role in shaping the understanding of their students while also 

influencing change. One of the first exploratory elements of instituting the idea of conceptual 

change was developed through Thomas Kuhn’s The Structure of Scientific Revolutions, which 

situates the course of how scientific concepts develop and therefore influence change (Kuhn, 

2021). These changes do arise and are often correlated with the views of the instructors that are 

engaging with the teaching and learning process (Duit et al., 2008). Previous work from Duit et 

al. (2008) has demonstrated a limiting capacity of instructor views on the teaching and learning 

process that further includes sections of the nature of science along with scientific processes. The 

development of an instructor’s conceptions can be viewed as a major obstacle in improving their 

instructional practice (Anderson & Helms, 2001). Some of these barriers have previously been 

described as technical, political, or cultural (Johnson, 2006); others have put forward a growing 

lack of interaction between instructor collaboration combined with the restrictive decision-

making structures of the traditional pedagogical methods (Davis, 2003). Through evaluating the 

approach of instructors’ conceptions, the ability to provide inroads for change can become better 

realized and further translated into transformative action. 
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 Reform efforts in education have a history of challenges in implementation and lacking 

sustainability. Woodbury and Gess-Newsome (2002) describe this phenomenon as the paradox 

of “change without difference”. They describe teacher thinking as a key pillar of reform efforts 

that seldom change how instructors attempt to implement changes. This led them to develop the 

Teacher-Centered Systemic Reform Model (TCSR). The model follows in the footsteps of 

previously designed conceptual change theories by recognizing the central role that instructor 

characteristics, such as the context of their thinking and course interactions as influential factors 

in the mechanisms of educational reform (Gess-Newsome et al., 2003). Thus, the instructor 

becomes important in shifting the paradigm of educational reform due to their distinct interaction 

with their students and the sphere of influence that is maintained over their course. 

How an instructor conducts the instruction of their courses is a representation of the 

teacher’s pedagogical content knowledge and reflection of curricular design. Students’ gains in 

knowledge and understanding can be examined through the lens of Constructivist theory (Fosnot, 

2013). Within the theory of constructivism is the Teacher-Centered Reform model (TCSR) that 

was developed in part by Gess-Newsome et al. (2003) which highlights the relevant thinking, 

interactions, and influence as it relates to the instructor’s role as a main factor in the direction of 

reform. The means by which reform is achieved through this model is through the inclusion or 

incorporation of one (or more) of the following items: contextual factors, personal factors, and 

instructor thinking. Contextual factors include cultural, school-wide, and course factors. Next, 

this framework considers the instructor’s personal factors such as their individual demographics 

and previous teaching experience. Last, this framework considers the instructor’s thinking, which 

involves their own knowledge and beliefs centered around their teaching that also includes the 

students and the course content. A connection between the instructor and all three domain areas 
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provides the links between the belief around teaching along with any inclinations to making 

changes in their teaching practice (Popova et al., 2020). It takes only a small group of instructors 

to enhance and develop reform efforts which have the capabilities of transformative change both 

within the course as well as the institution at large (Cohen, 2002). Improvements in learner-

centered reforms are limited by the influence of the teacher (Serin, 2018).  

Visualizing the Chemistry of Climate Change 

Teacher thinking can be further explored through the conceptualization of climate change 

as applied to principles in chemistry. Visualizing the Chemistry of Climate Change (VC3) was 

created through the collaboration of experts in the fields of climate science, chemistry, and 

education and was developed under the Climate Literacy framework developed by the U.S. 

Climate Change Science Program (Mahaffy et al., 2017). The program compiled federal research 

related to climate change and lays the foundation for what would define an individual who is 

competent on the scientific understanding of climate change (Wuebbles et al., 2017). Mahaffy et 

al. (2017) then generated a concept map which correlated the core general chemistry concepts 

with climate literary principles. They identified student conceptions of climate change and 

adapted these conceptions into the learning objectives for the framework. 

In this map, climate principles describe the conditions for how the climate operates and 

the impacts that nature and humanity have on driving climate change (Mahaffy et al., 2017). The 

connection to chemistry was established through topics that create a bridge between climate 

principles and core chemistry topics. The bridging topics described aspects of climate change 

more specifically from the context of the climate change principles. Core chemistry topics 

emphasized the most important subcategories related to chemistry and included such topics as 

equilibrium, kinetics, and gases. Together, these categories drew direct connections between 
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chemistry and climate change. For example, one climate change principle describes the 

regulation of climate through complex interactions in Earth’s system. The connection with 

chemistry was made through describing how the relationship between CO2 and other greenhouse 

gases is related to chemical bonding. It is from this framework’s perspective that the research 

was carried out. 
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CHAPTER III 

METHODOLOGY 

 The purpose of this dissertation was to examine the educational influence textbooks and 

undergraduate instructors have on their students. The methods described here encompass the 

three studies carried out for this dissertation. The selection process and data analysis techniques 

to elucidate climate change content within general chemistry textbooks along with instructor 

perspectives, attitudes, and potential inclusion of climate change and related climate topics in 

their educational practice. All the study protocols involving human subjects for educational 

research were approved by Institutional Review Board (IRB) of the University of Northern 

Colorado (see Appendix A for interview IRB approval letter and Appendix E for survey IRB 

approval letter). 

Textbook Selection 

Undergraduate general chemistry textbooks were selected based upon commonality of 

use. To achieve this, online book retailers (AbeBooks, Amazon, Barnes & Noble, and 

CampusBooks.com) were queried and the most popular textbooks were selected based upon each 

website’s bestselling ranking. Twenty-four textbooks were selected. In order to not promote or 

dissuade the use of any of these books, the specific books are not identified. 

Development of Textbook Coding  

and Analysis Strategy 

The concept map developed by Mahaffy et al. (2017) was used as the main coding 

strategy for the general chemistry textbooks. Both main and sub codes were derived from the 
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VC3 interactive map. Areas considered core chemistry concepts served as the main codes, where 

the connecting ideas between chemistry and climate change served as the basis for the subcodes 

within each of the core chemistry concepts. For example, the chemical bonding main code 

corresponded with the VC3 subcode of global warming potential. Further additions to the 

codebook were made to provide context as to where the instances of climate change content were 

found in the book. These areas were subdivided by main body text, margins (which include 

subparagraphs or details not delegated to the main text), figures, and assessment questions 

(which were either example or end-of-chapter questions). The complete codebook consisted of 

18 main codes and 153 related subcodes in total.  

Textbooks were coded according to the number of instances that either explicitly 

discussed or referenced climate change. Counts were made by how frequently they appeared at 

the paragraph level (meaning how many times climate change was mentioned per paragraph).  

A key word search was employed to identify the areas in the text which provided direct 

mentioning of climate change topics. The key words used in this study were “climate change,” 

“global,” “warming,” and “greenhouse.” These words were identified through the corresponding 

book’s table of contents, index, or an electronic word search. Once we identified the key terms in 

the text, we evaluated the surrounding paragraphs to determine if they fit within the context of 

climate change topics. The analysis was iterated for each of the four key words for each 

subsequent paragraph until the relation of the content to climate change was absent. Codes were 

assigned to the codebook based upon their context as they relate to the VC3 framework and 

recorded in a spreadsheet for each code and subcode. For example, book chapters related to 

chemical bonding would serve as the main code and the subcodes were selected based upon their 

context to chemical bonding. The number of codes gathered were based upon the number of 
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occurrences in the text at the paragraph level. Additionally, as codes were recorded into the VC3 

portion of the codebook, locations of codable instances were also recorded as belonging to the 

main body of the text, textbox or reference in the margins, figures/data/tables, or example and/or 

end of chapter problems. Areas of content that did not specifically relate to climate change were 

not included under the codable instances of this coding strategy (e.g., discussion of chemical 

bonding that was not connected to a climate concept). 

Textbook Study Validity and Reliability 

Content validity was established through the alignment textbook topics with the core 

chemistry concepts provided by VC3. The intercoder agreement was achieved through frequent 

meetings among the researchers to establish agreement across four of the researchers’ 

codebooks. Upon discussion the group gathered codes into a master codebook. Once a consistent 

commonality of coding was accomplished, researchers were left to complete the remaining ten 

on their own. Of the ten textbooks left to be examined, the intercoder agreement was calculated 

between these books to find an overall percentage of agreement to be 97%. 

Sampling of Interview and 

Survey Participants 

Stratified sampling methods were used to identify undergraduate chemistry instructors 

from across the United States for online interview recruitment. Selection was organized based on 

regional areas of the United States (such as West, Midwest, Northeast, and South). Recruitment 

(Appendix B) for this study was carried out through email communications from email addresses 

gathered from their corresponding department websites. Consent was obtained electronically 

from all participants (see Appendix C). Each of the participants was labelled with a number to 

ensure confidentiality. In total, 16 individuals participated in this research hosting a diverse 

background in chemistry experience and areas of expertise (Table 3.1). 
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Table 3.1 

Interview Participant Demographics 

Participant Course Position at university Age range Gender Race 

1 Allied Health Lecturer 35-44 Male White 

2 Analytical Professor 55-64 Male White 

3 Biochemistry Senior lecturer 45-54 Female White 

4 Analytical Professor 45-54 Female White 

5 Biochemistry Professor 35-44 Male White 

6 General Assistant professor 35-44 Female White 

7 
Chem for non-

majors 
Professor 55-64 Male White 

8 Inorganic Assistant professor 35-44 Female Black 

9 Physical Assistant professor 35-44 Male White 

10 Physical Adjunct professor 45-54 Male White 

11 General Career instructor 35-44 Female Asian 

12 Biochemistry Professor 55-64 Female White 

13 Biochemistry Professor 35-44 Male White 

14 General Teaching professor 55-64 Female White 

15 Environmental Professor 45-54 Female White 

16 General 

Vice provost, 

distinguished 

professor 

55-64 Female White 

 

The survey study also targeted undergraduate chemistry instructors. Individuals who 

participated in the interview study were excluded for recruitment in the survey study. Survey 

participants were sampled from departments organized according to the listing provided by The 

U.S. News & World Report 2023 ranking of chemistry departments (The Best Chemistry 

Programs in America, Ranked, 2023). Contact email information for survey participants was 

gathered from these departmental websites. Data collection ceased after 259 schools were 

sampled resulting in 6459 undergraduate chemistry professors contacted. Both state and private 

schools were selected ranging from R1 to non-research institutions. A total of 417 participants 

fully completed the survey. 

Recruitment for the survey study was carried out via email communications as identified 

according to their prospective departmental websites (Appendix F). Electronic consent forms 
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were collected from all participants prior to involvement with the survey (Appendix G). We did 

not save identifiable information outside of the participant's basic demographics. Neither the 

interview nor survey studies provided compensation for participation. 

Interview Data Collection 

 Participant data was collected through a semi-structured interview protocol (Appendix D) 

that took approximately 30 to 60 minutes. The interviews were conducted over Zoom from fall 

2021 through summer 2022. After the interview, AI-created Zoom transcripts were checked for 

accuracy. Repeated words and stammers (for example “um” and “ah”) were removed. Any 

identifying information mentioned by the participants was de-identified and aliases were 

provided. For example, the name of a school was replaced with “[school name].” The interview 

protocol was designed to determine how instructors viewed climate change in relationship to 

their instructional practice. Once the participant’s view of climate change as an educator was 

established, the interview sought to connect the decision-making processes for how climate 

change was or was not included in their teaching. Participant’s teaching philosophy was also 

discussed to establish teacher’s values on teaching with their instructional practice. At the end of 

the interview, instructors were asked about their thoughts on improving how climate change was 

taught in chemistry. This question also served as a point of reflection for the instructor’s own 

teaching on the subject. Instructors considered their approaches to include climate change in their 

teaching and also gave their perspectives on how the topic could be addressed in other areas of 

chemistry or other courses. 

Interview Analysis 

 Open coding was applied to the interview transcripts using reflexive coding analysis 

(Braun & Clarke, 2019) in NVivo 12 to identify themes related to climate change and/or other 
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related subtopics as they were included (or not) within their course(s). Coding was carried out 

following Braun and Clarke’s (2019) process of data familiarization, generation of codes, 

constructing, reviewing, and defining themes. Codes identified from the transcript were 

comprised of short annotations relating to climate change in their teaching. From the codes 

produced, the series of codes were compared and grouped according to their conceptual 

relationship to one another, then were further grouped into larger themes. These themes were 

further organized according to the research questions.  

Interview Study Validity and Reliability 

Once the codebook had been developed by the first author, three coders independently 

coded a random sample of 25% of the total interviews collected. Several weekly meetings were 

held to review and begin establishing the intercoder agreement for each of the codes from the 

independent researchers’ codebooks. There was initially an intercoder agreement of 92.4%. 

Following discussions on the disagreements, the researchers came to agree on all codable items. 

The remaining interviews were coded independently by two researchers. Further meetings were 

held to answer any related coding questions. 

Survey Design and Development 

The survey design and questions were developed through responses to the previous 

interview study (Wilson, Sayers, et al., 2023) and a small pilot program. The pilot program 

sampled 35 undergraduate chemistry instructors from the state of Colorado and participants did 

not overlap with the final study. Changes made to the survey following completion of the pilot 

study were in forced answer questions and not in content related areas. This prevented key 

questions from being skipped by participants, such as their level of climate change inclusion in 

their teaching, ranked choice options for their decision making, and factors that influence their 
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inclusion of climate topics. Qualtrics software was used in the survey design and delivery 

system. Electronic consent was acquired before access was given to the survey questions; a copy 

of the consent form can be found in Appendix G. To minimize potential participants from self-

selecting out of the study, the language of the recruitment email focuses on teaching topics rather 

than explicitly about climate change.  

After consent was received, the participants were first asked to select from a list of 

chemistry classes that they teach. Next, they selected a focus course which was applied to the 

remainder of the survey. The structure of the survey then focused on the level of inclusion, 

attitudes, and influences to how climate change was (or was not) included in their instruction. 

For example, the level of climate change inclusion was split into three options: “multiple ways,” 

“in passing,” or “not included.” Instructors were shown a list of connected chemistry topics with 

climate change adapted from Mahaffy’s Visualizing the Chemistry of Climate Change (VC3) 

(Mahaffy et al., 2017). For example, chemical reactions were a common topic connected with 

climate change through the stoichiometry of combustion reactions as related to the greenhouse 

effect. The question of selecting the level of climate change inclusion was then reintroduced after 

the VC3 framework in case a participant was not previously aware of connections that they may 

be making with climate change topics. Free response areas were opened following these items to 

allow participants the option to provide additional context. Reasons for whether climate change 

was taught or not were gathered using ranked choice design. The top rank indicated the highest 

reason for their decision to include (or not include) climate change in their teaching. For 

example, participants who taught climate change tangentially received ranked choice options for 

both reasons why and why not, whereas those who indicated that they did not include that topic 

only receive the ranked choice options for why not. Likert scale items were presented to assess 
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participants’ levels of influence as to how influential (or not) climate change was with their 

instruction. A value of 5 indicates an item that was not very influential for the participant to 

include climate change in their teaching and a value of 1 was very influential for the inclusion of 

climate change, and a 3 was a neutral position as being neither influential nor not influential for 

climate change inclusion. The last sections of the survey evaluated common personal factors 

related to the participants. Examples of some of these items included age, tenure status, and 

gender. 

Survey Data Analysis 

Statistical analysis and data plots were carried out using R 4.3.1 (Team, 2021). Violin 

plots were created using the tidyverse R package (Wickham et al., 2019) from the ggplot2 

geom_violin() function. Crosstab and stacked bar charts were converted based on the percentage 

of response for each of the corresponding categories and generated using Microsoft Excel.  

Survey Study Validity and Reliability 

 The survey design and question content were first reviewed by a climate scientist and 

education expert to establish content validity. Next, a pilot study was also employed prior to the 

main survey to optimize the formatting of the survey and establish face validity. Following a six-

week pilot collection period, the only changes made to the format of the survey were the addition 

of force checks for certain question and correcting the flow of the questions examining 

instructor’s level of climate change content (directly, indirectly, or not at all) so that their ranked 

choice options matched the level of climate change inclusion. Concurrent validity was 

established by comparing the study’s results to previous work (Feierabend et al., 2011). Method 

triangulation further established validity by combining the analysis of the interview study and 

compared those results from the survey study.   
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Abstract 

 Climate change has the potential to push humans across the limits at which we can exist. 

Chemistry is essential in understanding the complexities of climate change, as many of the 

processes involve chemical relationships. Education can provide knowledge that contributes to 

students’ and future researchers’ ideas of climate change. Textbooks are an influential tool in the 

development of course curricula and support instructors’ decision making which can impact 

student understanding. This study examined the extent, type, and location of climate change 

content present in 24 undergraduate general chemistry textbooks (for STEM majors and non-

majors). Visualizing the Chemistry of Climate Change (VC3) served as the theoretical 

framework and basis for the codebook. Textbook items were considered codable instances if they 

were linked back to the core chemistry concepts outlined by VC3. Of the core chemistry 

concepts reviewed, gases were the most prevalent topic connected to climate change. Topics 

regarding organic chemistry and equilibrium concepts were among the least frequent codable 

instances. The distribution of climate change content was also uneven among the sampled 

textbooks. Only 3 textbooks contained more than 100 codable instances and 3 other books did 

not contain any climate change material. Most instances connecting climate change to chemistry 

appeared in peripheral regions of the books and not in the main text. Without available materials 

to connect core chemistry concepts with real-world issues, like climate change, instructors 

become burdened with developing their own content. Supplemental materials, such as VC3, can 

provide a bridge to climate change content deficits, but there is a need for textbook materials to 

be more effective in presenting the chemistry of climate change. 
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Introduction 

Climate change is a vital and pressing issue. The Planetary Boundaries concept defines 

environmental conditions, such as ocean acidification and changes in biosphere integrity, for 

which humanity can safely operate (Rockström et al., 2009). Climate change has the potential to 

push humans across the limits at which we can exist (Lade et al., 2020). At this point, humanity 

has already crossed six of the nine planetary boundaries (Richardson et al., 2023). A majority of 

United States citizens are aware of climate change and motivated to mitigate future impacts 

(Sparkman et al., 2022). Education on climate change can help foster a generation of intelligent, 

skilled, and well-equipped individuals with the knowledge to act on these future challenges.  

Chemistry is essential in understanding the complexities of climate change, as many of 

the processes involve chemical relationships (Ravishankara et al., 2015). Climate change 

education is an important tool in generating an informed society that prepares communities to 

face climate challenges (Molthan-Hill et al., 2022).Few resources exist that incorporate 

chemistry and climate change (Mahaffy et al., 2017) as well as materials that aid in the inclusion 

of systems thinking in chemical education (Aubrecht, 2018; York & Orgill, 2020). Instructors 

who do enact systems thinking in their teaching practice are limited in their implementation due 

to lacking explicit scaffolding to connect more complex topics, such as the human factor in 

chemical processes (Szozda et al., 2023). Educational materials, like textbooks, can play an 

integral role in the manner and style of how chemistry topics are addressed in a course. 

The presentation of material in the course is often reflective of the sequence and topics 

found in the course’s corresponding textbook (Schmidt et al., 2002). Moreover, curricular 

materials can substantially shape teachers’ ideas on how to teach their content (Grossman & 

Thompson, 2008). Textbooks influence how instructors teach and what is learned by the students 
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(Matić & Gracin, 2016; Miguel, 2015; Valverde et al., 2002; You et al., 2019). Textbooks are 

one major type of curricular material, acting as an intermediary between the instructor and the 

content (Valverde et al., 2002), while also having a direct impact on student success (van den 

Ham & Heinze, 2018). They allow students to work through material at their own pace and 

promote self-regulated low to mid order learning, such as remembering, understanding, applying, 

and analyzing. However, they are generally considered ill-designed to advance higher order 

learning (Lau et al., 2018).  

Due to the importance of climate change, the role of chemistry in climate change, and the 

influence of textbooks on content taught, it is important to understand the extent to which 

chemistry textbooks make these connections. Currently, the presence of climate change topics in 

science textbooks (encompassing undergraduate level biology, chemistry, and physics) averages 

less than 4% of pages (Yoho & Rittmann, 2018). General chemistry is a key entry point for 

STEM students in undergraduate education, and a starting point to explore how climate change is 

connected to chemical principles in textbooks. General chemistry courses are commonly the only 

chemistry classes some undergraduate students will take. Thus, there is a need to better 

understand the extent that climate change content is included in general chemistry textbooks. In 

this study, the current most popular general chemistry textbooks were examined for their climate 

change content to discover the extent of climate change content presented.  

Research Questions 

Q4.1 To what extent are climate change and chemistry concepts connected in general 

chemistry textbooks? 

 
Q4.2 Where is climate change connected to chemistry topics in general chemistry 

textbooks? 
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Theoretical Framework 

Visualizing the Chemistry of Climate Change (VC3) (Mahaffy et al., 2017) framed our 

study. The VC3 was created through the collaboration of experts in the fields of climate science, 

chemistry, and education and was developed under the Climate Literacy framework developed 

by the U.S. Climate Change Science Program. The program compiled federal research related to 

climate change and lays the foundation for what would define an individual who is competent on 

the scientific understanding of climate change (Wuebbles et al., 2017). Mahaffy et al. (2017) 

then generated a concept map which correlated the core general chemistry concepts with the 

CCSP’s literary principles. They identified student conceptions of climate change and adapted 

these conceptions into the learning objectives for the framework. 

In this map, climate principles describe the conditions for how the climate is regulated 

and the impacts that nature and humanity have on driving climate change (Mahaffy et al., 2017). 

The connection to chemistry was established through topics that create a bridge between climate 

principles and core chemistry topics. The bridging topics described aspects of climate change 

more specifically from the context of the climate change principles. Core chemistry topics 

emphasized the most important subcategories related to chemistry and included such topics as 

equilibrium, kinetics, and gases. Together, these categories drew direct connections between 

chemistry and climate change. For example, one climate change principle describes the 

regulation of climate through complex interactions in Earth’s system. The connection with 

chemistry can be made through describing how the relationship between CO2 and other 

greenhouse gases is related to chemical bonding. It is from this framework’s perspective that the 

research was carried out. 
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The layout of chemistry concepts in VC3 is a scaffold for characterizing how chemistry textbook 

content is connected to climate change. This study seeks to use the framework provided by 

Mahaffy et al. (2017) to analyze the extent of climate change topic inclusion in undergraduate 

general chemistry textbooks. 

Methods 

Textbook Selection 

Undergraduate general chemistry textbooks were selected based upon commonality of 

use. To achieve this, online book retailers (Abe Books, Amazon, Barnes & Noble, and 

CampusBooks.com) were queried and the most popular textbooks were selected based upon each 

website’s bestselling ranking. Twenty-four textbooks were selected. In order to not promote or 

dissuade the use of any of these books, the specific books are not identified. 

Development of Codebook and Coding Strategy 

The concept map developed by P. Mahaffy et al. (2017) was used as the main coding 

strategy for the general chemistry textbooks. Both main and sub codes were derived from the 

VC3 interactive map. Areas considered core chemistry concepts served as the main codes, where 

the connecting ideas between chemistry and climate change served as the basis for the subcodes 

within each of the core chemistry concepts. For example, the chemical bonding main code 

corresponded with the VC3 subcode of global warming potential. Further additions to the 

codebook were made to provide context as to where the instances of climate change content were 

found in the book. These areas were subdivided by main body text, margins (which include 

subparagraphs or details not delegated to the main text), figures, and assessment questions 

(which were either example or end-of-chapter questions). The complete codebook consisted of 

18 main codes and 153 related subcodes in total.  
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Textbooks were coded according to the number of instances that either explicitly 

discussed or referenced climate change. Counts were made by how frequently they appeared at 

the paragraph level (meaning how many times climate change was mentioned per paragraph).  

A key word search was employed to identify the areas in the text which provided direct 

mentioning of climate change topics. The key words used in this study were “climate change,” 

“global,” “warming,” and “greenhouse.” Once we identified the key terms in the text, we 

evaluated surrounding paragraphs to determine if they fit within the context of climate change 

topics. The analysis was iterated for each of the four key words for each subsequent paragraph 

until the relation of the content to climate change was absent. Codes were assigned to the 

codebook based upon their context as they relate to the VC3 framework and recorded in a 

spreadsheet for each code and subcode. For example, book chapters related to chemical bonding 

would serve as the main code and the subcodes were selected based upon their context to 

chemical bonding. The number of codes gathered were based upon the number of occurrences in 

the text at the paragraph level. Additionally, as codes were recorded into the VC3 portion of the 

codebook, locations of codable instances were also recorded as belonging to the main body of 

the text, textbox or reference in the margins, figures/data/tables, or example and/or end of 

chapter problems. Areas of content that did not specifically relate to climate change were not 

included under the codable instances of this coding strategy (e.g., discussion of chemical 

bonding that was not connected to a climate concept). 

Validity and Reliability 

The intercoder agreement was achieved through frequent meetings among the 

researchers. Content validity was established through the alignment textbook topics with the core 

chemistry concepts provided by VC3. For the first set of fourteen textbooks, group meetings 
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were held to establish agreement across four of the researchers’ codebooks. Upon discussion the 

group gathered codes into a master codebook. Once a consistent commonality of coding was 

accomplished, researchers were left to complete the remaining ten on their own. Of the ten 

textbooks left to be examined, the intercoder agreement was calculated between these books to 

find an overall percentage of agreement to be 97%. 

Results and Discussion 

The Chemistry of Climate Change Coding 

Though some degree of variability appeared across all of the sampled textbooks, the most 

common code was gases (Figure 4.1). Textbooks that made any connection between chemistry 

and climate change overwhelmingly did so through the lens of gas topics. Outside of the gases 

main code, other prominent codes were matter and measurement, chemical bonding, and atoms, 

ions, and molecules. 
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Figure 4.1 

Distribution of Main Codes of Core Chemistry Topics Connected to Climate Change Across All 

Surveyed Textbooks

 

Within the main codes for gases, the most frequent subcodes were CO2 and other 

greenhouse gases (Table 4.1). However, global warming potential subcode occurred half as 

often. This suggested that even though textbooks spoke of climate change through greenhouse 

gases, the connection to these gases’ warming potential was not as frequently made explicit. 

Subcodes involving either fossil fuels, or combustion was another high counted area. These 

appeared in textbooks as examples of real-world implications of combustion reactions. They also 

tied into the role that humanity has played in the extraction and burning of these fuels. Subcode 

areas that had little-to-no content in the selected textbooks were kinetic-molecular theory and the 

role of pheromones in insect communication. The main codes kinetics and organic chemistry 

(which also contained subcodes for both kinetic molecular theory and the role of pheromones, 

respectively) had no codable instances. Kinetic molecular theory was discussed in these 
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textbooks but was not related to climate change and thus was not counted. The role of 

pheromones in insect communication was likely too specific for the surveyed general chemistry 

textbooks and did not appear at all. 

Table 4.1 

Breakdown of Subcodes for Gases 

Gas Subcodes 
Number of Codable 

Instances 

CO2 and other greenhouse gases 300 

Global warming potential & "super-greenhouse gases" 178 

Combustion of fossil fuels & production of atmospheric gases 83 

Chemistry of human activity 67 

Absorption of energy by molecules in different spectral regions 51 

Fossil fuels 44 

Chemistry in the natural environment 35 

Importance of chemistry in contributing solutions to global challenges 24 

Carbon capture & storage 24 

Nature of models and modeling 17 

Mechanisms for & difference between stratospheric ozone depletion & 

tropospheric warming by greenhouse gases 
13 

Complexity of natural systems & contributions from chemistry 7 

Stoichiometry 5 

Chemistry & human health 2 

Roles of pheromones in insect communication 0 

Kinetic-molecular theory 0 

 

 The second most coded main code was Matter and Measurement. Sub-coded areas 

looked at the ways models were used in the characterization of climate change. The models and 

modeling subcode had the majority of instances within the section (Table 4.2). Books that 

included these codes often described climate change through examples such as atmospheric 
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models or CO2 concentration in ice cores. The separation and analysis of seawater was the only 

subcode among this category that did not contain any codable instances. If books were not 

relating climate change models to the productions, activity, and characterization of greenhouse 

gases, then it was also unlikely that any of these more peripheral subcodes would have been 

emphasized. 

Table 4.2  

Subcode Instances for Matter and Measurements 

Matter and measurements 
Number of codable 

instances 

Models and modeling 48 

Nature of models and modeling 23 

Nature of science and uncertainty 11 

Data collection, analysis, interpretation 6 

Measurements 5 

Hypothesis testing 4 

Complexity of natural systems and contributions from chemistry 3 

Importance of chemistry in contributing solutions to global challenges 2 

Separation and analysis in characterizing seawater, detection of trace 

substances 
0 

 

The chemical bonding main code mirrored the coding distribution of gases. CO2 and 

other greenhouse gases were the subcode with the largest portion of codes, but global warming 

potential was present less often (Table 4.3). When relating climate change to chemical bonding it 

often occurred in the context of bonds absorbing energy. However, like gases, many books did 

not fully distinguish this relationship with a molecule’s potential to warm the atmosphere. 
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Table 4.3 

Chemical Bonding Subcodes Across All Surveyed Textbooks 

Chemical bonding subcodes 
Number of codable 

instances 

CO2 and other greenhouse gases 27 

Absorption of energy by molecules in different spectral regions 22 

Global warming potential and "super-greenhouse gases" 15 

Nature of models and modeling 6 

Combustion reactions 3 

Photosynthesis 3 

Fossil fuels 3 

Chemistry of the natural environment 3 

Nature of light and electromagnetic spectra 2 

Chemistry of human activity 1 

Speciation of carbon, nitrogen, oxygen, and phosphorous 1 

 

The atoms, ions, and molecules code had the greatest number of codable instances in 

reference to measuring isotope data (Table 4.4). The data was most often represented in the 

analysis of ice cores as a means of describing and comparing the atmospheric composition 

between pre-industrial and current contexts. Additionally, these examples were expanded into 

climate models and used to clarify the inherent uncertainty in the scientific modeling of nature. 

Furthermore, examples were drawn from the comparison of the pre and postindustrial 

atmospheric compositions to link the changes with human activity. 
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Table 4.4  

Breakdown of Atoms, Ions, and Molecules Subcodes Across 24 Surveyed Textbooks 

Atoms, ions & molecules subcodes 
Number of codable 

instances 

Isotope ratios to obtain temperature proxy data 26 

Nature of science & uncertainty 15 

Speciation of carbon, nitrogen, oxygen & phosphorous 12 

Nature of isotopes 8 

Data collection, analysis, interpretation 6 

Models & modeling 5 

Measurements 1 

 

Infrequent Climate Change Topics in Textbooks 

 General chemistry spans a wide range of concepts, and several core chemistry concepts 

had very few connections to climate change. Equilibrium was the lowest main code with only 

five instances. For instance, examples involving carbonic acid formation from dissolved carbon 

dioxide in the water were described in terms of acid/base concepts rather than explicitly about 

equilibrium.  

The second lowest coded category across the sampled textbooks were sections involving 

organic chemistry (seven instances). The division of subcodes had several single incident codes, 

which were more often common topics found in other book sections. These included examples 

such as fossil fuels, combustion reactions, and chemistry of the natural environment. Since 

organic chemistry is a topic typically left to its own named course, it was of no surprise to find 

the code making such a limited appearance. The main code of atomic and electronic structure 

(12 instances) was relatively infrequent. This was because the subcode of this main concept, for 

example the absorption of energy by molecules in different spectral regions, was also shared 
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with and more commonly associated with chemical bonding. However, both main codes had the 

absorption subcode as the greatest number of codable instances (7 for atomic and electronic 

structure). The two subcodes for models and modeling, along with the nature of models and 

modeling had no codable instances presented. 

Characterization of Total Codable Instances  

Across Textbooks 

 

The amount climate change content coded within each of the sampled textbooks varied 

considerably. Out of the 24 books studied, six contained more than 100 codable instances. One 

book had the highest total of 833 codes and was also a textbook written for non-STEM majors. 

The next top coded books for STEM majors contained 254 and 250 codes. Only five textbooks 

had over 50 codable instances per book, leaving the remaining 13 books with less than 50 

instances. Of those remaining 13 books, four textbooks had less than 10 instances and two books 

had no mention of climate change at all. Books that contained higher amounts of codable 

instances addressed climate change in multiple ways, such as linking chemical bonding 

properties to the greenhouse effect covered in a thermochemistry chapter. Low coded books 

(those under 50 instances) had limited references to climate change in their main text and instead 

used the margins and end-of-chapter questions to fill in some of those details.  

Climate Change Topic Locations in Textbooks 

According to these books, 38% of the climate change instances occurred in the main text. 

The majority of instances occurred outside the main text in assessment items (28%), in the 

margin spaces outside the main text which also includes extraneous essays (22%), and figures 

(12%). Much of the assessment content presented examples through end-of-chapter questions to 

expand on related content not directly discussed in the main text. The typical format for many of 

these end-of-chapter questions among the surveyed books appeared as short-form vignettes, or 
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anecdotes used to expand or relate the chapter’s content to an example involving climate change. 

Despite using the end-of-chapter question sections to promote examples of climate change 

concepts, the design of these questions tended to be more algorithmic or contrived where the 

context is not needed to explore the problem. Only one of the sampled textbooks (book #8) relied 

on assessment questions alone to introduce climate change concepts in their text (Figure 4.2). In 

this figure, a single paragraph was only coded once (even if there were multiple different types 

of codes within the paragraph). If climate change was mentioned in a textbook, then the book 

typically contained elements of all four subcategories, which suggest multiple ways of making 

connections to climate change issues.  

Figure 4.2  

Distribution of Climate Change Content per Textbook 

 

Next Steps and Limitations 

The focus of this study was on the ways in which climate change topics were covered in 

undergraduate general chemistry textbooks. One key element this study did not address was how 

instructors incorporated textbook content in their practice. The role the instructor plays in the 

delivery of course content is essential, and the manner along with the extent of topics covered is 
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often at the instructor’s discretion. Further study is necessary to understand the role and manner 

in which instructors include, or not include climate change related topics in their instructional 

practice. 

The coding framework generated from Mahaffy’s VC3 was designed to make 

connections between climate change and chemistry. Climate change is a multidisciplinary topic 

and though chemistry can encompass a wide range of issues, one framework is not 

comprehensive. There could be elements of climate change not described through VC3 that were 

omitted from the analysis. For example, Meehan et al. (2018) examines climate change content 

inclusion from the broader perspective of undergraduate science. 

The search criteria focused on the explicit use of the terms global warming and climate 

change. There could have been certain topics or examples that were missed due to being 

presented as a more subtle connection with climate change.  

This study examined a multitude of general chemistry textbooks and there exists the 

possibility of other books discussing climate change that were not included. There are some 

universities which produce their own textbooks that may or may not contain climate change 

information. As those books require specific permissions and are not widely published, they 

were not captured by the sampling in this study. 

Conclusions and Implications 

Textbooks serve an important role as an educational tool in how courses are designed, 

structured, and implemented. The organization of textbooks plays a significant role in the 

delivery of course content to students (Matić & Gracin, 2016; Lester, 2007; Rezat et al., 2021; 

Rezat & Sträßer, 2012). Climate change topics were sporadically located throughout many of 

these undergraduate general chemistry textbooks. The coverage of climate change in textbooks 
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must be reflective of the importance of the subject material. How climate change is distributed 

within textbooks provides insight as to how instructors might include these topics in their 

teaching practice and further serves as a baseline for where climate change issues are contained 

within the text. Currently, the majority of undergraduate general chemistry textbooks leave 

climate change to be mentioned anecdotally or through disconnected examples. This leaves the 

instructor with additional duties of drawing outside resources to integrate climate change content 

into their instruction.  

An understanding of climate change is essential to enacting future actions (Oreskes, 

2004, 2018). However, with so many of these textbooks either containing few instances 

discussing climate change or leaving the topic to be mentioned in peripheral book regions, such 

as within the margins or end-of-chapter questions, contradicts the importance of climate change. 

This could be in part due to the highly politicized nature of the topic in popular discourse, 

limiting the desire for controversy to be introduced within the textbook. Most students who take 

general chemistry are not chemistry majors. For many, general chemistry is the only sequence of 

chemistry courses they take throughout the undergraduate experience. This leaves students with 

learning about climate change somewhere else, shifting the responsibility away from the 

chemistry discipline. If other introductory level STEM courses treat climate change the way it is 

treated in general chemistry textbooks (Yoho & Rittmann, 2018), then some of the public’s lack 

of climate literacy starts to become clear. Textbooks are a powerful educational tool, but like any 

device, are restrained by their applications. Without a greater integration of critically important 

scientific topics, such as climate change, into textbooks, these topics may flounder in their 

inclusion in courses. 
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Content gaps in connecting topics between climate change and chemistry could further 

implicate a lack of student understanding and contribute to misconceptions. These items 

typically involve the nature of carbon dioxide, alternative greenhouse gases outside of carbon 

dioxide, and the connection between the carbon cycle and water (Jarrett & Takacs, 2020). The 

consequence of which could lead to the occurrence of some of the more common misconceptions 

surrounding the science of climate change. Students most often lack the proper contextualization 

surrounding climate change to fully understand the topic (Shepardson et al., 2009). Previous 

work has also established that misconceptions have a tendency to persist through related concept 

instruction, but through addressing these items directly the issues may be overcome (McCuin et 

al., 2014). The manner in which climate change is presented in textbooks may relate to these 

continued misconceptions among students. 

 How climate change is included within the text provides insight on how an instructor 

may incorporate those topics into their own instruction. Perceptions of the instructors also play 

an influential role in their use of textbooks. Differences in the type of students in a course change 

how instructors represent the materials to their students (Mesa & Griffiths, 2012). Students also 

denote more motivation to use their textbooks when given direction from their instructors (Berry 

et al., 2010). From the student perspective, course assessments motivated them to use textbook 

resources (Hoeft, 2012). Importantly for textbooks that focus their climate change content on 

content in the margins, without connecting to a form of course assessment, students will likely 

not be exposed to that content. For general chemistry specifically, students rated end of chapter 

problems as the most helpful component in their textbooks, where examples of real-world 

applications and examples were the lowest (Smith & Jacobs, 2003). Many of the textbooks used 

end-of-chapter questions to contextualize their concepts with descriptions or examples of climate 
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change. However, these questions used climate change as a were focused more on answering a 

chemistry concept rather than exploring the chemistry of climate change as a topic. Questions, 

design in this way, leave students with more algorithmic and contrived answers, rather than using 

higher levels of applying critical thinking skills relating to data representation, comparing, or 

correlating data (Dávila & Talanquer, 2010). Future studies will be needed to see the connection 

between climate change content, the instructor, and the influence on student learning. 

 The inclusion of climate change content in general chemistry textbooks does not require 

entirely new forms of educational development. The use and incorporation of such supportive 

materials, such as those outlined by VC3, creates a scaffold for integrating climate change and 

chemistry (P. Mahaffy et al., 2017). One example of a key item from VC3 covers the 

composition of the atmosphere as important to many biological and chemical processes that 

make life possible on this planet. Molecules are characterized through data interpretation 

provided by techniques such as gas chromatography, infrared, and mass spectroscopy. Data-

based instruction further reinforces the contributions of humans to global carbon dioxide 

production through the analysis of Keeling Curves. These properties are related back to the 

chemistry of gases by using the ideal gas law and kinetic molecular theory of gases to describe 

how predictive models of the atmosphere are created. The greenhouse effect is discussed based 

on natural fluctuations in global temperatures and through anthropogenic sources, such as 

vehicle combustion and industrial processes. In each of these lessons, a common structural 

format orients the content in the forms of “what do we know,” “why do we care,” then ends with 

reflective “questions for thought.” With a more real-world oriented and problem-solving 

approach, other textbooks could adapt and approach these critically important topics. 
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Abstract 

Education provides an opportunity to develop solutions for climate change. The influence 

that instructors have on their students shapes their learning. This qualitative interview study 

examined undergraduate chemistry instructors’ perspectives on climate change in their teaching. 

The interviews were coded inductively using thematic analysis to identify these participants' 

views on teaching climate change topics. Many of the interview participants spoke on their view 

of the importance of climate change though the extent of inclusion of the topic in their 

instruction varied. Real-world examples were discussed as an effective means of integrating 

climate change with their chemistry instruction. Some instructors thought that climate change 

was not related to their course even if they thought the topic was highly important. Barriers some 

instructors experienced included lack of climate change knowledge, lack of textbook materials, 

the desire to avoid politics, and time and course expectations. Instructors who had more agency 

over their course had the ability to focus more on topics like climate change. Knowledge of 

climate change was also paired with their ability to use educational resources effectively in their 

instruction. An incremental approach to adding changes to teaching climate topics was offered as 

a practical solution for improving teaching climate change in their undergraduate chemistry 

course. Expansion of climate change topics into an interdisciplinary approach was also highly 

encouraged by the interview participants. 

Introduction 

Humanity has contributed to the growing global problem of climate change. The 

Intergovernmental Panel on Climate Change (IPCC) has projected serious ramifications for the 

status of the planet even if the most aggressive actions are taken (Lee et al., 2023; Ming et al., 

2021). The planetary boundaries framework outlines environmental issues which will result in 
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the greatest endangerment of humanity (Lade et al., 2020), such as biodiversity, access to natural 

resources, and biogeochemical flows (Folke et al., 2021; P. G. Mahaffy & Elgersma, 2022). Two 

prominent strategies to address climate change are mitigation and adaptation which require an 

adequately educated populace to implement (Baskaran, 2016). Education is necessary to build 

upon the societal pressures to influence meaningful change (Ledley et al., 2017). The structure 

and delivery of this content is complex due to the need for a systems perspective which 

incorporates multiple disciplines such as physics, chemistry, biology, etc. Chemistry plays an 

essential role in understanding climate science (Matlin et al., 2016).  

The United Nations, along with other governmental and professional organizations have 

provided recommendations and resources for improving the presentation of climate change 

information (Bodansky, 1993; Doherty et al., 2009; Leslie, 2016; Ming et al., 2021). Despite the 

overwhelming scientific consensus, topics surrounding climate change are particularly politically 

divisive in the United States. However, Americans often misperceive the acceptance of climate 

change and the support for climate action by more than 50% (Sparkman et al., 2022). An 

assessment of where climate change education occurs, in addition to potential barriers for 

instruction may inform on potential reform efforts (Reid, 2019). Chemistry instructors’ influence 

and perspective will be important in those reforms along with shaping students’ response to the 

impacts of climate change. 

Research into German secondary chemistry instructors’ attitudes regarding climate 

change found instructors viewed the topic to be important to teach, though the extent of 

integration of the topic into their teaching varied extensively (Feierabend et al., 2011). 

Additionally, Indonesian science instructors also expressed the importance of increasing student 

competency around understanding issues like climate change, though nearly all lacked 
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integration of such content into their instruction (Nida et al., 2020). Despite these examples, no 

such study has been conducted in the United States regarding undergraduate chemistry 

instructor’s perspectives on teaching climate change in their courses. Our study seeks to answer 

the following research questions: 

Q5.1 How do instructors make decisions about how to include or not include climate 

change in their instruction? 

 

Q5.2 What are instructors’ perspectives on strategies for including climate change and 

other related subtopics in their instruction? 

 

Q5.3 In what ways do post-secondary chemistry instructors incorporate climate change 

in their instruction? 

 

Theoretical Framework 

 Educators play a central role in influencing change within their students. Instructor’s 

views can have an impact on the teaching and learning of the nature of science and scientific 

processes (Duit et al., 2008). An instructor’s conceptions can also act as potential obstacles to 

improving their own instructional practices (R. D. Anderson & Helms, 2001). Examples of these 

barriers could be described as technical, cultural, or political (Johnson, 2006). However, the 

adoption of educational reform efforts in chemistry is limited (Lund & Stains, 2015; Raker et al., 

2021). Studying instructor’s conceptual processes provides insight into how greater change can 

be turned into further transformative action. 

 Efforts in education reform have a history of challenges with issues starting from 

implementation to sustainability of reforms. Woodbury and Gess-Newsome (2002) describe this 

phenomenon as “change without difference”. They describe teacher thinking as a key pillar in 

reform efforts that seldom change the manner instructors seek to implement changes. The 

Teacher-Centered Systemic Reform Model (TCSR) further emphasizes teacher thinking as a key 

mechanism for educational reform (Gess-Newsome et al., 2003). The instructor is an important 
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figure in the shifting paradigm of educational reform based on their interaction with students 

along with the sphere of influence that is maintained within the classroom. 

 The instructor’s conduct in their course represents the teacher’s pedagogical content 

knowledge as well as their curricular design (Gess-Newsome et al., 2003). The TCSR highlights 

relevant thinking, interaction, and influence as it relates to the instructor’s role as the primary 

vehicle for course reform. Contextual factors, personal factors, and instructor thinking influence 

reform through this model. Contextual factors involve areas of cultural, school-wide and course 

areas. Personal factors describe information regarding the instructor’s educational background, 

teaching experience, age, and ethnicity. Instructor thinking comprises course planning, 

experiential expectations, which also includes the knowledge and beliefs around teaching. 

Instructor thinking, including their knowledge and belief around teaching, also extends to the 

types of students taught and the course content. Each domain factor (teacher thinking, 

conceptual, personal) connects with a willingness to make meaningful changes in their teaching 

practice (Popova et al., 2020). Only a small number of instructors are needed to promote reform 

efforts which have the capability of transformative change not only within their courses but can 

extend outward to the institution at large (Cohen, 2002). It is through the perspective of this 

framework that the following research was conducted. 

Methods 

 This qualitative study investigated instructor perspectives about including climate change 

in their educational practices in college chemistry courses. All the protocols used in this study 

were approved by the Institutional Review Board (IRB) of the University of Northern Colorado 

(see Appendix A for IRB approval letter). 
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Participants 

 Stratified sampling methods were used to gather undergraduate chemistry instructors 

from across the United States for online interviews. Selection was organized based on regional 

areas of the United States (such as West, Midwest, Northeast, and South). Recruitment for this 

study was carried out through email communications from email addresses gathered from their 

corresponding department websites. Consent was obtained electronically from all participants 

(see Appendix CB. Each of the participants was labelled with a number to ensure confidentiality. 

In total, 16 individuals participated in this research hosting a diverse background in chemistry 

experience and areas of expertise (Table 5.1). No compensation was provided for participation in 

this research study. 

Table 5.1  

Participant Demographics 

Participant Course Position at university Age range Gender Race 

1 Allied Health Lecturer 35-44 Male White 

2 Analytical Professor 55-64 Male White 

3 Biochemistry Senior lecturer 45-54 Female White 

4 Analytical Professor 45-54 Female White 

5 Biochemistry Professor 35-44 Male White 

6 General Assistant professor 35-44 Female White 

7 
Chem for non-

majors 
Professor 55-64 Male White 

8 Inorganic Assistant professor 35-44 Female Black 

9 Physical Assistant professor 35-44 Male White 

10 Physical Adjunct professor 45-54 Male White 

11 General Career instructor 35-44 Female Asian 

12 Biochemistry Professor 55-64 Female White 

13 Biochemistry Professor 35-44 Male White 

14 General Teaching professor 55-64 Female White 

15 Environmental Professor 45-54 Female White 

16 General 

Vice provost, 

distinguished 

professor 

55-64 Female White 
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Data Collection 

 Participant data was collected through a semi-structured interview protocol (Appendix D) 

that took approximately 30 to 60 minutes. The interviews were conducted over Zoom during fall 

of 2021 through summer 2022. After the interview, AI-created Zoom transcripts were checked 

for accuracy. Repeated words and stammers (for example “um” and “ah”) were removed. Any 

identifying information mentioned by the participants was de-identified and aliases were 

provided. For example, the name of a school was replaced with “[school name].” The interview 

protocol was designed to determine how instructors viewed climate change in relationship to 

their instructional practice. Once the participant’s view of climate change as an educator was 

established, the interview sought to connect the decision-making processes for how climate 

change was or was not included in their teaching. Participant’s teaching philosophy was also 

discussed to establish teacher’s values on teaching with their instructional practice. At the end of 

the interview, instructors were asked about their thoughts on improving how climate change was 

taught in chemistry. This question also served as a point of reflection for the instructor’s own 

teaching on the subject. Instructors considered their approaches to include climate change in their 

teaching and also gave their perspectives on how the topic could be addressed in other areas of 

chemistry or other courses. 

Data Analysis 

 Open coding was applied to the transcripts using reflexive coding analysis (Braun & 

Clarke, 2019) in NVivo 12 to identify themes related to climate change and/or other related 

subtopics as they were included (or not) within instructors’ course(s). Coding was carried out 

following Braun and Clarke’s (2019) process of data familiarization, generation of codes, 

constructing, reviewing, and defining themes. Codes identified from the transcript were 
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comprised of short annotations relating to climate change in their teaching. From the codes 

produced, the series of codes were compared and grouped according to their conceptual 

relationship to one another, then were further grouped into larger themes. These themes were 

further organized according to the research questions.  

Validity and Reliability 

Once the codebook had been developed, three coders independently coded 25% of a 

random sample of the total interviews collected. Several weekly meetings were held to review 

and begin establishing the intercoder agreement for each of the codes from the independent 

researchers’ codebooks. There was initially an intercoder agreement of 92.4%. Following 

discussions on the disagreements, the researchers came to agree on all codable items. The 

remaining interviews were coded independently by two researchers. Further meetings were held 

to answer any related coding questions. 

Results and Discussion 

Instructor Decision-Making About  

Climate Change Inclusion 

 

 Instructors’ decision-making about climate change instruction was guided through 

multiple factors (Table 5.2). The perspective that climate change is an important topic for their 

students to understand motivated the inclusion of the topic in their teaching. Student interest in 

climate change also served as a source of encouragement for instructors to include the topic in 

their courses. The ability for the instructors to incorporate climate change topics in their teaching 

was guided by their previous knowledge of climate change, their agency or ability to exert 

changes in their teaching, and the awareness and utilization of educational resources. 
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Table 5.2  

Areas That Guided Instructor Decision-Making 

Code Definition Example 

View of the importance of 

climate change 

Instructors view climate 

change as an important and 

essential topic for students to 

understand 

I think, to me, it’s important 

as an educator (to come back 

to your question) to have 

students understand what’s 

going on, and how it’s going 

to negatively impact future 

generations (P11) 

Students’ interest in climate 

change 

Students’ interest in climate 

topics influences instruction 

for including climate change 

topics in their classes 

That’s one of our most 

popular classes, we don’t 

offer a lot of electives, but 

that one is constantly full, 

because I think students are 

interested (P13) 

Instructor incorporation of 

climate change from previous 

knowledge, agency, and use 

of educational resources 

The instruction has a clear 

understanding of climate 

science and the ability to use 

related sources in class 

I did a post-doc actually in 

[location], on atmospheric 

chemistry. […] climate 

change is the topic of about 

seven weeks of class (P15) 

 

Instructors’ Views of Importance of Climate Change 

Guides Decision-Making.  

 

Instructors that expressed climate change as an important issue also communicated the 

necessity of having students be knowledgeable about future climate related challenges (Table 

5.2). For example, a participant said: 

Participant #11 (General): I teach chemistry, we do come across situations where I'm 

using some examples in my own classroom to talk about how certain reactions or certain 

processes impact the climate, right. But I think, to me, it's important as an educator to 

come back to your question, right to have students understand what's going on, and how 

it's going to negatively impact future generations. 
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Perspectives on the importance of climate change have grown throughout the United 

States (Marlon et al., 2022). However, though instructors may view climate change as an 

important issue, many instructors do not incorporate climate change in their instructions (M. 

Chowdhury et al., 2021; Dawson, 2012). 

Students’ Interest in Climate Change.  

How students engage with climate change material influenced instructors to either 

include or not include climate change. Participant #7, an instructor who taught chemistry for 

non-majors at a rural institution described the students’ interest in climate change as a driver for 

their inclusion of the topic in their course Current generations of students broadly show interest 

in learning about climate change (Nadeem, 2021). Reflective of Participant #7’s experience, 

undergraduate students in particular desire to learning more about mitigation efforts (Jordan et 

al., 2023; Tolppanen et al., 2022). 

 Another instructor, who also thought climate change was important, considered the 

student population of their course, pre-health majors. The goals of those students were focused 

on their health-related career goals. This instructor’s viewpoint was that any content not related 

to those goals would not hold the students’ interests. 

Participant #1 (Allied Health): It's less related to medicine... They are all incredibly 

motivated students, but they just want an A in the class like they have, they don't have 

any interest in the material whatsoever. That just enough interest to get an A in the class. 

  This instructor’s decision making was guided by the idea that any content that could be 

perceived as outside of achieving career goals would be met by a lack of interest from students. 

However, pre-health education has also indicated the need to address complications of climate 
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change on healthcare patients (Morin et al., 2022). There is potential to connect climate change 

with a pre-health course that aligns with the future demands of those professions. 

Instructor Knowledge, Agency and Resources  

Available Guide Decision Making  

 

Several characteristics were presented among the interview participants that contributed 

to their reasoning for connecting climate change and chemistry in their teaching. Instructors who 

had previous knowledge about climate change could draw on their experience when teaching 

their subjects. However, they also had to have agency in their courses to make changes as well as 

have access to resources to facilitate those changes to their courses. The participants that did not 

incorporate climate change in their teaching were often hindered by one, or more of those 

reasons. 

Use of Resources Guiding Decision-Making 

The use of educational sources can act as a tool for incorporation based upon the 

presence and extent of climate topics (Table 5.3). 
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Table 5.3 

Instructor Use of Resources 

Code Definition Example 

Guided by textbooks Material contained within 

textbooks influence the 

structure and content of 

climate change details in 

courses 

I did have to write it up in 

our electronic textbook, 

including figures, homework 

problems, you name it, all 

sorts of stuff. Because you 

can imagine that in general, 

this is like, if I asked you to 

teach Gen Chem, you’re not 

going to go writing your 

own textbook (P14) 

Institutional influence The university sponsors or 

encourages activities that 

promote the inclusion of 

climate change in course 

content 

I took part in a weeklong 

intensive teaching workshop 

here; and that really helped 

me focus more on alignment 

of the class (P15) 

Guided by assessment Structure of assessment 

highlight the importance to 

include a topic within 

instruction 

I know that I can’t really get 

students to engage if it’s not 

something I can test them 

on, it’s got to be really, like 

tightly link to what we’re 

already expect them to know 

(P14) 

Not enough climate change 

resources 

A lack of teaching resources 

and support prevent 

inclusion of climate change 

in courses 

And our textbook also it 

doesn’t really, if I were to 

quickly look it up, it doesn’t 

really talk specifically 

anything about climate 

change (P11) 

 

Guided by Textbooks 

Educational resources like textbooks can aid in the structure and design of the course 

(Schmidt et al., 2002; Valverde et al., 2002). For Participant #11, another general chemistry 

instructor, the textbook acted as a hinderance. They said, “our textbook also it doesn’t really, if I 

were to quickly look it up, it doesn’t really talk specifically about anything about climate 
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change.” In this example, the lack of climate change content was left up to the instructor to fill in 

the gap with other resources. 

This is contrasted to Participant #14, a general chemistry professor, who was the author 

of their program’s general chemistry textbook. The inclusion of climate change topics in their 

book was scaffolded in such a way that the content appeared in multiple places throughout the 

book, like figures, homework problems in addition to the main text. 

Institutional Influence 

The institutions of some of the interview participants sponsored teaching workshops and 

seminars to aid in aligning course objectives and with their teaching. Participant #15, an 

environmental chemistry instructor, described how they used the workshop as an opportunity to 

improve their course alignment.  

Participant #15 (Environmental): I took part in a weeklong intensive teaching workshop 

here. And that really helped me focus more on alignment of the class. And so that made 

me think critically about what do I want students to get out of each topics that I cover 

[…] I added carbon capture. 

Other instructors took mandates from their institutions around themes such as ethics in 

science to choose to incorporate climate change within that framework.  

Participant #14 (General): Our whole university wants us to incorporate ethics into the 

curriculum. And as part of that, they have faculty do weeklong trainings in ethics, and as 

part of that training, you're expected to put together an assignment for your class. And I 

had begun to develop a ethics activity around climate science before I participated in the 

actual workshop. So, I was starting to kind of get the feel, but then I did the workshop, 
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refined it more. And basically, then over the last, again, three or four years now been sort 

of slowly working on an ethics activity. 

 Support for professional development has an established practice in improving 

educational reforms (Little, 1993; Rhoton & Bowers, 2001). Professional development that 

incorporates climate change not only improves students understanding of the topic (Drewes et 

al., 2018), but improves teacher and student self-efficacy (Li et al., 2021; Shea et al., 2016). 

Faculty will also need continued support to effectively teach climate change topics (Kirk et al., 

2014). 

Guided by Assessment 

An uncommon theme among faculty was the perspective of the importance of a class 

topic being reflected on an assessment. To ensure that this level of significance is not lost upon 

the students, one participant also incorporated elements of climate change in classroom 

assessments. 

Participant #14 (General): Because just telling them stuff or trying to throw a topic in 

there, if it doesn't connect back to what I'm going to be putting on a test and what to 

expect, it's a waste of time [...] So I had to make sure that it connected up with what we 

were doing. 

 Many students triage their study time to focus upon the topics that are most expected to 

appear in their assessments. When this instructor decided to introduce topics or give related 

examples, they ensured those concepts were linked back to an assessment. 
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Not Enough Climate Change Resources 

Several of the interview participants expressed a lack of teaching resources as a barrier to 

their ability to integrate climate change into their course materials. Textbooks were a common 

area where these topics were viewed as being insufficient or absent altogether.  

Participant #13 (Biochemistry): I think that biochemistry one does, again, in that realm of 

photosynthesis in terms of carbon fixation. It might be just like a little sidebar… so it 

might be a quarter of a page, and that's it. So, it's not something that really comes up 

frequently. And if I do want to bring it up, it's usually me bringing it up. 

 Other instructors echo the sentiment of the lack of climate change inclusion in textbooks 

and a need to make more explicit the chemistry of climate change. 

Participant #7 (Chemistry for Non-Majors): Over the years, the atmospheric chemistry is 

squished […] And because I feel that the climate change was so important, I wanted to 

make sure they understood all the different parts and the textbook treats it all somewhat 

lightly, that they make it sound serious, but they don't give them enough details to 

understand the connection. So, the vibrational modes of CO2 or water. They don't explain 

that. And so how can you understand how the sunlight is getting its energy trapped in the 

atmosphere if you don't explain that. 

 Textbook issues came up among five of the participants. Either the instructors had to 

bring in outside materials to include climate topics or in the case of participant #14, develop their 

own textbook all together. These decisions aligned with the instructor’s self-reported importance 

of climate change demonstrating their motivation to select topics that are valued by them. 

 

 



55 

 

 

 

Instructor Has Knowledge About Climate Change and  

Access to Resources 

 

The expertise of many of the interview participants varied across each of the major 

subdisciplines of chemistry (Table 5.4).  

Table 5.4  

Previous Knowledge of Climate Change Guided In-Class Inclusion 

 Code Definition Example 

Reason to include Instructor has 

knowledge about 

climate change and 

access to resources 

The instruction has a 

clear understanding of 

climate science and the 

ability to use related 

sources in class 

I took a class in 

atmospheric chemistry 

that had a climate 

change unit (P4) 

Reason to not include Lack of climate 

change knowledge 

Instructor does not 

have enough 

knowledge or 

experience with 

climate change 

I’m afraid I’m not 

really very familiar 

with these that are 

specific to climate 

change (P10) 

 

For example: 

Participant #4 (Analytical): I took a class in atmospheric chemistry that had a climate 

change unit. I'm, trying to, you know, a lot of the classes or some of my environmental 

classes were talking about just, you know, the global carbon cycle and stuff like that. So 

of course, it was part of those discussions. 

 During this instructor’s undergraduate training, they took a course specifically in 

atmospheric chemistry which developed their scientific understanding of climate change. 

Participant #15 took part in a postdoc which informed their background in climate science. They 

said, “I did a postdoc […] on atmospheric chemistry. And so, I sat in on my postdoc advisor's 

course on atmospheric chemistry.” Many of the participants who explicitly included climate 
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change in their course materials were able to do so because of their previous experience in the 

field (4 participants). 

Lack of Climate Change Knowledge. 

Other instructors, while still viewing the topic as important to them as educators, often 

did not feel confident in the material to effectively incorporate it into their courses. For example, 

Participant #8 said “I think just my assumption is they will take an environmental chemistry, 

they don't need me, because I honestly...I feel like, I'm not as confident in all the data.” 

Instructors like Participant #8 were aware of their limitations on climate change content 

knowledge, which influenced them to not teach about climate change. Previous research 

reinforces the sentiment of Participant #8; not having enough previous knowledge of climate 

change leads to instructors being less likely to teach it themselves (M. Chowdhury et al., 2021; 

Seroussi et al., 2019). To bridge the gap between knowledge and comfort in teaching climate 

change, additional support is needed either through the institution, workshops, (Carson & 

Dawson, 2020), or other professional development opportunities (A. Anderson, 2012; Carson & 

Dawson, 2020; Kirk et al., 2014). 

Instructor Autonomy and Agency to Enact Changes  

In Their Courses 

 

The ability of the interview participants to make changes in their courses presented as 

reasons towards including climate change as well as reasons against including climate change in 

their instruction (Table 5.5). 
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Table 5.5  

Instructor Autonomy and Agency to Enact Changes in Their Courses 

 Code Definition Example 

Reason to include   

 

Instructor has 

agency over course 

content 

Agency over course details is 

managed by the instructor as 

well as any decisions related 

to course structure and 

content 

Over the years, the atmospheric 

chemistry is squished, the earth 

chemistry to be very small. And 

because I feel that the climate 

change was so important, I wanted 

to make sure they understood all the 

different parts (P7) 

Depth over breadth Content details of climate 

change are more important 

than a multitude of concepts 

Because I care about depth rather 

than breadth (P15) 

Guided by 

emotional toll of 

climate change 

The emotional impact over 

the implications of climate 

change guide instructors to 

cover climate topics in their 

courses 

I was like. Well, it’s super 

depressing when we end the climate 

change unit. What can I do about 

that? And so last year, I added, all 

sort of the mitigation strategies 

(P15) 

Reason to not include 

 

Class structure 

guided by someone 

else (coordinator, 

predecessor, 

previous notes, etc.) 

Instructor does not manage 

details or direction around 

course content, limiting their 

choice flexibility. 

I can’t make changes to the topics 

that are covered (P6) 

 

Content restrictions 

due to time or 

course expectations 

Objectives of the course 

restrict the addition or 

inclusion of climate change 

I think there’s too much content in 

Gen Chem, if you think, particularly 

over the whole year, but each 

semester, the way it’s traditionally 

laid out, there’s too much content 

(P16) 

Instructor avoids 

politics 

Due to the political 

polarization of climate 

change, instructors choose to 

stay away from these topics 

Unfortunately, climate change is a 

politicized issue. I want to be able 

to, I don’t know, I want to be careful 

about how I approach climate 

science (P6) 
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Instructor Has Agency Over Course Content 

Where some courses are restricted by the content expectations required of the course, 

other participants have more direct agency over the structure and delivery of their content. In one 

such case, Participant #14, found that the structure and manner of topic scaffolding allowed for 

easier by-in from other faculty members involved in teaching the same course. The organization 

of the material was what made the adoption and integration of topics to be the most successful 

within a teaching group. 

Participant #14 (General): I'm so familiar with the content of this class, because I've 

taught it so many times that it wasn't hard for me to go, oh, we could just put this and I 

mean, in a way, I put it in piecemeal into my lectures. But in order to get other people to 

do it, I did have to eventually integrate it with what we were doing throughout the course. 

And I did have to write it up in our electronic textbook, including, figures, homework 

problems, you name it, all sorts of stuff. Because as you can imagine that the general, this 

is like, if I asked you to teach gen chem, you're not going to go writing your own 

textbook, you're going to start with textbooks, figures, things, lecture notes from 

somebody else, everything. And that's the same here. 

 Disciplines, such as mathematics, have described the relationship of textbooks as a 

vehicle for educational reform (Gracin & Matić, 2021; Skinner & Howes, 2013). Chemistry 

instructors have a tendency to stick with traditional representations of chemical concepts in their 

textbooks (Vojír & Rusek, 2021). The use of an incremental approach has shown beneficial 

outcomes in STEM education (He, 2021) and could be used to address broader reform strategies 

at the institutional level (Dedeurwaerdere, 2013). However, the incremental approach at the 

instructor level may work best for instructors who teach the same class for multiple years. 
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 Instructor agency increases their cognitive presence in the learning environment but also 

has impacts over how learners interact with their course content (Costley, 2016). Control over 

course content can extend to other instructors in the same teaching group, which can further 

benefit the organization and delivery of the course curriculum (Wild et al., 2018). 

Depth Over Breadth.  

Where the amount of content to deliver among some of the participants was viewed as a 

limiting factor to their inclusion of climate change material, other participants structured their 

courses with a more detailed focus in mind. Participant #15 converted their course to cover less 

material and focus on climate change. They described their reasoning, saying: 

Participant #15 (Environmental): I had the person who taught the class before me, so I 

had what he did. But again, it wasn't enough depth for me, it was more breadth. But at 

least I had that baseline. And then it's just been an evolution over time of both the 

material but also how do I want to engage with students and what I want students to 

know. 

Though the consequence of this style of teaching reduced the overall number of topics 

covered in the class, the trade-off might leave the students with a better understanding of the 

material in an area that will have the greatest implications for their future. A focus on more in-

depth topics in high school science courses has been shown to correlate with greater success for 

those students in college (Schwartz et al., 2009). At the college level, Participant #15’s 

perspective is shared with other chemistry professors who view the depth of a topic as essential 

for developing conceptual understanding (Holme et al., 2015). Tension still persists when 

chemistry instructors are asked about their views on depth versus breadth which were influenced 

by their personal and contextual factors (Kraft et al., 2023). 
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Additionally, Participant #15 outlined the order of the course content so that the most 

important topics in the course, climate change, were addressed first before students became 

fatigued towards the end of the term. 

Participant #15 (Environmental): What I want them to get out of the class is really about 

climate change, because it's the main thing that's going to affect their future. So now, I go 

through the textbook backwards during the semester. And that way, I get the students 

learning about climate change when they're going to be the most engaged in the class 

because it's earliest in the semester. 

 Backwards design involves first focusing on the learning outcomes when designing a 

course (Wiggins & McTighe, 2005). Backwards designed courses generally outperform more 

traditional course delivery structures (Kelting-Gibson, 2005; Martin et al., 2019). Particularly in 

undergraduate STEM courses, backwards course design has benefited both teachers and students 

in the course (Daugherty, 2006; Hills et al., 2020; Mertz & Neiles, 2020; Villalta-Cerdas & 

Yildiz, 2022) and in the lab (Neiles & Arnett, 2021). 

Guided by the Emotional Toll of Climate Change 

 When teaching climate change, the future effect on the planet carries a negative 

emotional connotation. Emotions also served as a motivating influence over instructor’s choices 

as to why and/or how they include climate change in their instruction. For these instructors, the 

realities of climate change do not uplift a lot of positivity in their instruction. However, in order 

to combat the potential issues of apathy over the repercussions of climate change, some 

instructors sought to use hopeful messaging to extend their instruction to foster student 

engagement. For example, Participant #3 said, “I also have moved to a place where I'm trying to 

integrate something hopeful… guiding them to resources that might spark a little bit of hope.” 
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This instructor spoke of their decision to add hopeful components to their lessons to temper the 

depressive effects of teaching climate change. Additionally, by including more hopeful content, 

students will see helpful opportunities outside of the course.  

Class Structure Guided by Someone Else 

Two of the participants discussed how they inherited or were influenced by the previous 

instructor of their course or by another faculty member within their department. The use of the 

instructor’s own undergraduate notes acted as the foundation of their teaching. 

Participant #9 (Physical chemistry): So practically speaking, the answer is I just went 

through my (undergraduate) notes, which are pretty nice. I took really good quality notes 

in that course, I never had the idea that I might teach it one day. But I was lucky that 

when I went when I arrived here, I mean, I had to teach a week after I got here. So, I was 

like, wow, so I just opened up my notes and started lecturing out of them… I figured out 

the timing a little bit and tried to just follow in his footsteps. 

The influence of other instructors lays the foundation for how the subjects course content 

continue to be taught to future generations. 

Content Restrictions Due to Time or Course Expectations 

Many chemistry courses have specific content areas that need to be fulfilled while also 

facing the constraints of the time available to cover topics. This type of limitation was most often 

expressed by general chemistry instructors (3 total). For Participant #6, a general chemistry 

instructor, the amount of content they thought was expected to be covered placed restrictions on 

the agency they had for the topics they covered. They said, “I can’t make changes to the topics 

that are covered… so the one thing that we can't change is that all these topics must be covered.” 

  Course content restrictions have been one area targeted for curricular reform in chemical 
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education (Cooper, 2010; Lloyd & Spencer, 1994; Petsko, 2004). Efforts in chemistry education 

reform through institutional support both from within the department and the college showed that 

changes can be successful (Cooper & Klymkowsky, 2013; Talanquer & Pollard, 2017). As a 

newer faculty member, Participant #6 may not be in a place to solicit the extensive support 

needed to enact any curricular reforms at this time. 

Instructor Avoids Politics 

The nature of climate change discussions in public discourse involves the intersection of 

many different ideological perspectives and viewpoints spanning not just the scientific but also 

political and economic implications. For example, Participant #15 used newspaper articles to 

bring in current events into their course but was careful in their selection of the materials to 

avoid inviting political connections. They said: 

Participant #15 (Environmental): we cover newspaper articles, students are up to date on 

current events, and this changed every year, of course…, I wasn't trying to include 

politics in the class. But it was inevitable because of the types of articles that I was 

bringing into the class. Right, because of what was going on in the world at that time. So 

now, I'm super careful about the newspaper articles that I bring in. 

Instructors often avoid potentially controversial topics from either a lack of confidence or 

knowledge in the subject area along with concerns of reactions from students, parents, and other 

community members (Cassar et al., 2023; Garrett & Alvey, 2021). Participant #15 fits into what 

has been previously established of environmental instructors addressing the scientific areas of 

climate change while avoiding political connection to the topic (Bhattacharya et al., 2021; Kranz 

et al., 2022). Several chemists in their field have written calls to action to combat the 
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politicization of science. However, as long as the scientific and political climates remain highly 

polarized then instructors will continue to seek to avoid inflaming the conflict.  

Instructor Perspectives on Improving Climate  

Change Education 

 

 When instructors were asked about their thoughts on improving how climate change is 

taught in chemistry, they suggested expanding instruction, ways they could teach, and that small 

incremental changes can be productive (Table 5.6). 

Table 5.6  

Instructors’ Suggestions on Improving Climate Change Education 

Code  

Definition 

 Example 

Climate change coverage in 

chemistry and 

interdisciplinary courses. 

Which courses are the best 

fit for climate change 

topics should be 

addressed. 

 In my opinion, it should be addressed immediately, in 

every gateway course. It should be foundational to the 

first-year seminar, it should be foundational to gen bio, to 

gen chem…not only should we have first year seminars 

built around, but it should be in every frontline, every 

first-year course. (P3) 

Small incremental approaches 

to changes are worthwhile. 

Introducing small 

curricular reforms over 

time will have meaningful 

change. 

 

 I took the incremental approach to look for the openings. 

There are obvious, take those little steps. I think almost 

anyone can do that. And that's not a bad way to go[...]my 

advice definitely is incremental, come up with a single 

thing, one lecture or even half a lecture, but, a learning 

objective, it should be linked to what you're expecting 

already, like suddenly saying, well, we never even go into 

anything[…]We did a little bit here, a little bit there. And 

all sudden you start putting us together about that I got a 

lot. (P14) 

Make explicit connections to 

climate change. 

Overt connections are the 

optimal way to instruct 

students about climate 

change. 

 

 I think, directly with just focusing on chemistry for 

climate change would be good […] I as an instructor can 

understand what's the big picture here, where's the 

connection here? But the students cannot see these 

different parts of the puzzle that they really fit in together, 

that the idea of energy crisis is really fitting together to 

what we are dealing with. (P11) 
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Climate Change Coverage in Chemistry and  

Interdisciplinary Courses 

 

Instructors who were not currently teaching climate change, viewed other courses to be a 

better fit for the content. 

Participant #1 (Allied Health): I think the best place for it is [...] analytical, because it's really 

about the detection of those things, which is more analytical type stuff. 

Since the classes that participant #1 taught were specifically designed for pre-health 

majors, their perspective on teaching remained focused on content that aligns with health-related 

objectives. Their view remained consistent with climate change being an important topic that is 

better related to more explicit examples. For instructors already teaching climate change content, 

their viewpoint was from the perspective of where the largest group of students would be 

exposed to the topics. 

Participant #13 (Biochemistry): There's a lot of places where I think it's relevant. I think 

we have a large number of people taking first and second semester Gen Chem and a 

much smaller number of people taking analytical, physical, BioChem in the department. 

And so, I think from a point of view of getting students exposed to it, I think it makes 

sense to put in those big classes. 

This instructor highlighted the importance of getting students exposed to the content early 

since most of the student’s taking chemistry tend to do so just in general chemistry. Many of the 

students who take chemistry courses tend to not be chemistry majors themselves, which has the 

consequence of locking them out of connections that might not be made until later classes. For 

this instructor it was important to structure earlier chemistry courses around making these 

meaningful connections so that the widest body of students will encounter it. Furthermore, 
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among those currently teaching climate change, they also expressed suggestions for expanding 

climate content further outside of chemistry. 

Participant #3 (Biochemistry): in my opinion, it should be addressed immediately, in 

every gateway course. It should be foundational to the first-year seminar, it should be 

foundational to gen bio, to gen chem... Not only should we have first year seminars built 

around it, but it should be built in every frontline, every first-year course. 

Similar to the views discussed by participant #13, participant #3 considered an 

interdisciplinary approach to be essential for students to receive exposure to climate change 

material. Previous research has shown benefits of interdisciplinary instruction for supporting 

students in learning about climate change (Davison et al., 2014; Pharo et al., 2012; Todd & 

O’Brien, 2016). By integrating climate change content across courses, students can experience a 

more rounded perspective and develop a deeper understanding of multiple aspects related to 

climate change. 

Small Incremental Approaches to Changes  

Are Worthwhile 

 

Some of the participants reflected on their method of including climate change in their 

courses. For several, taking small steps over a longer period was an effective strategy to develop 

climate change content in their chemistry instruction. 

Participant #14 (General): I took the incremental approach to look for the openings. 

There are obvious, take those little steps. I think almost anyone can do that. And that's not 

a bad way to go...my advice definitely is incremental, come up with a single thing, one 

lecture or even half a lecture, but, a learning objective, it should be linked to what you're 

expecting already, like suddenly saying, well, we never even go into anything…We did a 
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little bit here, a little bit there. And all sudden you start putting us together about that I 

got a lot. 

Participant #14 incrementally changed their course over many years. This was facilitated 

by the instructor’s consistent course assignment. An incremental approach to learning has also 

been developed in other fields, such as agriculture, to aid in adaptation measures to address the 

impacts of climate change (Winarto & Stigter, 2016). 

Make Explicit Connections to Climate Change  

For the importance of climate change to be effectively communicated to their students, 

many of the participants mentioned the need to be direct about content associations to climate 

change. 

Participant #11 (General): I think, directly with just focusing on chemistry for climate 

change would be good […] I as an instructor can understand what's the big picture here, 

where's the connection here? But the students cannot see these different parts of the 

puzzle that they really fit in together, that the idea of energy crisis is really fitting 

together to what we are dealing with. 

The connection of climate change to chemistry required these items to be pointed out to 

students. Gaps can form in student understanding if the instructor does not take the appropriate 

steps to lay out the information effectively. For Participant #11, the energy crisis was an area 

where students struggle seeing the greater perspective and how it relates to climate change. The 

instructor conveyed the idea that only through deliberate teaching would these barriers be 

adequately lowered. One instructor underlined the issue between qualities of the instructor and 

the materials available to them. 
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Participant #7 (Non-Majors): You definitely need to be an instructor who seeks out 

information. […] I will also say that in general chemistry, you're not going to get 

somebody who's going to introduce a lot of climate change unless it's in the textbook, 

because you know, they have to march through a particular collection of material that is 

nationwide, recognized as being the curriculum, and they don't want to deviate. 

Reform efforts in chemistry often conflict with the traditional design of how the content 

is historically laid out (Cooper & Klymkowsky, 2013; Vojír & Rusek, 2021). For this instructor 

textbooks have a degree of responsibility for providing instructors with examples to teach the 

chemistry of climate change.  

Ways of Incorporating Climate Change Into 

Chemistry Instruction 

 

The extent of climate change instruction varied throughout all interviews. These 

instructors either did not teach about climate change, taught about it tangentially, or taught about 

climate change in multiple ways. Three of the 16 participants did not teach about climate change. 

For example, Participant 8 said, “honestly, we don't really discuss climate change.” In the quote, 

“we” referred to the course. The “taught multiple ways” subcategory was found to be broad, 

including ten out of the sixteen participants. Additionally, this category spanned everywhere 

from two example problems of climate change to an entire unit dedicated to climate change. For 

example, Participant 15 explained, “climate change is the topic of about seven weeks of class of 

the environmental chemistry, it's the first seven weeks.” The final subcategory of extent pertains 

to the three interviewees that did not teach climate change directly but discussed it in passing.  

Participant #16 created a literature reading assignment where students could opt to review 

an article about climate change. For example, this participant responded with the following after 

being asked if they teach about climate change in their course,  
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Participant #16 (General): Very peripherally […] I did introduce some opportunities for 

students to connect to climate change kinds of things […,] one of a number of things they 

[the students] could latch on to in the journal […] probably a third of them had some sort 

of research agenda that was connected to climate. 

Since the students had the option to do the assignment without using an article related to 

climate change and the instructor described their climate change teaching as peripheral, we 

characterized this instructor as tangentially teaching about climate change.  

For instructors who discussed climate change they did so in lectures, literature readings, 

assignments or exams, discussions, media, and textbooks. A highly coded location of climate 

change was lectures, (eight of the participants). To be coded under lectures, the participant 

needed to state a climate change topic that was explored in the course throughout the class but 

not as a part of a class discussion. Participant 14 said “I was covering [climate change] in lecture 

without the textbook backup for 10 years now.” Five out of 16 participants used literature- 

research papers, articles, etc.- in their courses to teach climate change. Participant 3 said, “with 

the climate change course, the way we structure around that action learning is that we start with 

literature that kind of intertwines." This subcategory closely ties to media, which was 

distinguished as outside sources such as podcasts, videos, pictures, etc., to enhance learning. 

Media did not include research articles. Participant 7 explained their use of media as “using 

movie clips to teach chemistry, but also documentaries that you can use in your classroom […] 

So my students were very interested in the impacts of climate change.” Six out of 16 participants 

used assignments for climate change content. For this section, any graded content was included, 

such as a worksheet, homework assignment, or exam. The most popular outlet for climate 

change topics was in class discussions (with nine out 16 participants) describing the use of in-
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class discussions. Participant 3 stated, “I am very overt about discussing [climate change] … 

looking at it as the center of the discussion.” The final outlet for climate change instruction was 

through the textbook. Only four out of sixteen participants claimed to discuss climate change 

through this outlet, and Participant 14 explained, “we've got [climate change] content written 

into our textbook, probably for at least three years now, maybe more." The outlet used to teach 

climate change might impact how much climate change is discussed and therefore, how much 

students could take away from that discussion. 

The final subcategory of the first research question examined what type of climate 

change content was being taught (Figure 5.1). The types of climate change topics that these 

instructors discussed were similar to the organization outlined in the Visualizing the Chemistry 

of Climate Change (VC3) by Mahaffy et al. (2017). VC3 organizes key chemistry concepts, such 

as gas chemistry or chemical bonding, and relates it to climate change through connecting topics, 

like global warming potential and molecular energy absorption at different spectral regions. 

Carbon dioxide was the most coded type of climate change content (10 out of the 16 

participants). An example of a code was when Participant 2 said, “we do talk about […] in the 

sense that carbon dioxide released carbon dioxide is the primary driver for climate change” 

Carbon dioxide was quickly followed by greenhouse gases (8 out of 16 participants). This made 

sense as CO2 is an example of a greenhouse gas. However, greenhouse gases were a broader 

climate change topic. For example, Participant 4 stated, “I include the basic science of 

greenhouse gases." Alternatives and solutions were also highly coded (7 out of 16 participants). 

This topic included any current strategies to prevent or mitigate climate change which was 

evident when Participant 15 expressed, “last year, I added, all sort of the mitigation strategies. 

So, I had already had fossil fuels and renewable energy in the class.” Reactions and amounts 
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were another example of content with many codes (6 out of 16 participants). Participant 11 

stated, "I'm using some examples in my own classroom to talk about how certain reactions or 

certain processes impact the climate." An example of a topic with few codes is acidification, 

which was only coded in two interviews. Participant 2 explained their use of acidification in their 

course when they said, “we do talk about ocean acidification, which is related to climate 

change."  It is important to note that there was a wide span of content being taught between the 

participants. 

Figure 5.1 

Heat Map of Participant’s Frequency of Climate Change Content Present in Their Interview 

 

Limitations 

 The voluntary nature of the participants limited the scope of this study. The recruitment 

materials mentioned climate change. Thus, participants may have self-selected based on interest 

in the research topic which could narrow the perspectives provided in this study. A participant 
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initially thought they should not participate because they did not connect climate change to 

chemistry in their courses. However, they did decide to participate in the study. The number of 

potential participants that self-selected out of the study cannot be fully known. Despite this issue, 

the data collected in this study demonstrated a variety of views that address the research 

questions and yield meaningful insight into the instruction of climate change by this set of 

instructors. 

Conclusions and Future Directions 

Though these undergraduate chemistry instructors viewed the topic of climate change as 

vitally important for their students, the extent of coverage of the topic often varied. This study 

examined how these instructors decided to include or exclude climate change and what they 

thought might be done to improve climate change content in chemistry in the future, and the 

topics they found important for teaching climate change. 

These instructors either did not teach about climate change, taught about it tangentially, 

or taught about climate change in multiple ways. For instructors who discussed climate change 

they did so in lectures, literature readings, assignments or exams, discussions, media, and 

textbooks. The most frequent climate change content discussed by instructors was carbon 

dioxide, greenhouse gases, and alternatives and solutions, whereas topics like kinetics and 

isotopes were discussed less often. These connections between chemistry and climate change are 

reflective of the organization of the Visualizing the Chemistry of Climate change (VC3) by 

Mahaffy et al. (2017). VC3 organizes key chemistry concepts, such as gas chemistry or chemical 

bonding, and relates it to climate change through connecting topics, like global warming 

potential and molecular energy absorption at different spectral regions. Instructors’ decision-

making about climate change instruction included reasons why they did or did not make 
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connections and limitations they experienced. The perspective that climate change is important 

and an essential topic that students need to understand was expressed by most of the participants. 

These instructors also indicated the interest that students had in climate change as a motivating 

influence to include climate change in their instruction. The participants who had previous 

knowledge about climate change along with the ability to make changes to their course and have 

access to resources allowed them to make connections with climate change. Real-world 

examples were the most common framing device used by instructors to relate their course topics 

to climate change. By using more socially relevant scientific topics, such as climate change, 

students are more likely to foster beliefs that promote scientific understanding (T. Chowdhury et 

al., 2020; Pelch & McConnell, 2017) and a present a greater compassion that motivates actions 

on those issues (Herman, 2018; Wang et al., 2018). As reflected by some of the participants, 

despite the ideological background of the students when they come to class, when presented with 

climate science issues, students often will conclude the connection between climate change and 

anthropogenic causes (Stevenson et al., 2016). 

Instructors who had agency over their course content and also had previous knowledge 

about climate science spoke the most about incorporating these topics into their teaching. 

Additionally, these perspectives came with an understanding of educational resources that were 

available to them to connect climate change with chemistry. Instructors in this situation can 

experience hope about the impact they have on students (McNeal et al., 2017) and can support 

environmental citizenship (Ariza et al., 2021). Multiple forms of course engagement was 

mentioned by these instructors, such as assignments, in-class discussions, and lectures. Effective 

outcomes in student learning are benefitted by these multi-modal approaches to teaching and 
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have shown to be effective for teaching climate change and other socio-scientific topics (Monroe 

et al., 2019; Nam & Ito, 2011). 

The perceived value and importance of students understanding climate change was a 

common reason for these instructors to include the topic. Issues related to time were the primary 

reason for climate change to be excluded from their teaching. This most often took the form of 

time needed to develop their curriculum, access of integrable educational materials, or a lack of 

knowledge underlying the science behind climate change. According to the participants, small 

incremental additions were the most effective means of improving their teaching. Other research 

suggests that focusing on the core attitudes of adopting changes, like evidence-based practices 

for example, will have a greater opportunity for reform to occur (Gibbons et al., 2018). 

Participants also echoed the need for a cross disciplinary approach to reinforcing important 

climate topics. Where the literature also reinforces the importance of the interdisciplinary 

approach as essential for understanding the position of complex problems (Eastwood et al., 

2011). An example of such changes implemented at the institutional level fostered a positive 

shift in climate change curriculum, professional development, and student-lead learning activities 

(Davison et al., 2014). Administrative support would also be critical for sustainable reforms 

across disciplines at their home institution. A multipronged approach is necessary to facilitate the 

possibility of long-term transformative reforms. Institution specific conditions could be a barrier 

to implementing broader systemic reforms and would need to be addressed according to the 

needs of each individual institution. 
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Abstract 

 Education about the chemistry of climate change will play an important role in combating 

the consequences of fossil fuels and aid in mitigation strategies. Chemistry instructors guide 

course content and will be essential in equipping students with the knowledge and skills to tackle 

the challenges of climate change. This study used a national survey in the United States 

examining the perspectives of undergraduate chemistry professors on how they include climate 

change topics in their teaching. Over 6400 instructors were contacted at 259 institutions across 

the United States resulting in a total response of 417 participants. Despite being a highly valued 

topic among survey participants, the majority of respondents taught climate change tangentially 

or not at all. Time constraints and standardization of their courses were communicated as the top 

reasons for this lack of inclusion. For instructors who did incorporate climate topics in multiple 

ways, they expressed more agency over their course content and interest from their students as 

key influences. The most common key chemistry topics that were connected to climate change 

were gases, solutions, and reaction chemistry. Examples of these topics include the 

characterization of greenhouse gases, equilibrium reactions of ocean acidification, and the 

stoichiometry of combustion reactions. The personal factors collected were not a discriminating 

factor in climate change inclusion. Development of accessible and integrable materials will be 

needed to bridge the gap between issues of time constraints and incorporation of climate change 

educational materials in undergraduate chemistry courses. 

Introduction 

Recent United Nations Climate Change Conference (COP26) meetings have stressed the 

importance of taking aggressive decarbonization efforts to avert a 1.5℃ increase in the global 

temperature (Ming et al., 2021). Currently, the global efforts to combat these changes have fallen 

short of the IPCC’s recommended guidelines (Lade et al., 2020; Pörtner et al., 2022). Aggressive 
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decarbonization strategies will be needed to mitigate further environmental harm. To better meet 

the challenges of climate change, a multipronged approach will be necessary for humanity to 

plan and be prepared.  

The consensus of the scientific community overwhelming states that the Earth’s climate 

is being impacted by human activity (Oreskes, 2018). However, a majority of adults 

underestimate the perceived support for climate mitigation and concern among their peers 

(Sparkman et al., 2022). Education is one such area that will aid in informing and empowering 

current and future generations to prepare for the climate challenges ahead. A well-educated 

populace will play a pivotal role throughout every sector of our society to combat the effects of 

climate change. 

Students overwhelmingly desire action on climate change (Ferragamo et al., 2020; Oliver 

& Adkins, 2020). Students who are educated about climate change make more informed 

decisions (Amanchukwu et al., 2015; Cordero et al., 2020; Obayelu et al., 2014). Instructors 

make decisions about the subject taught to their students and operate as facilitators of their 

learning journey. For students to be better equipped to engage with the impacts of climate 

change, instructors must provide them with the tools to succeed. A previous survey conducted by 

Vaille Dawson (2012) examining science teachers’ perspectives on climate change, found that 

though the topic was important to them, it was often absent from their teaching. 

 A strong foundational understanding of chemistry principles is essential to developing 

clear representations of climate change’s impacts in the world. There has been previous research 

focusing on misconceptions of climate change between students and teachers (Arslan et al., 

2012; McCaffrey & Buhr, 2008; McCuin et al., 2014; A. N. Versprille & Towns, 2015). 

However, the extent to which climate change is being incorporated into courses has not been 
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well characterized. This study sought to establish a baseline for how climate change content is 

being covered in undergraduate chemistry courses and provide insight into the decision-making 

process of these instructors. 

Research Questions 

Q6.1 In what ways do undergraduate chemistry instructors incorporate climate change 

into their courses? 

  

Q6.2 How do post-secondary instructors make decisions about including climate 

change in their instruction? 

 

Q6.3 How are these decisions influenced by teacher thinking, personal and contextual 

factors? 

 

Theoretical Framework 

 The framework used in this study was the combination of the Teacher Centered Systemic 

Reform (TCSR) model as presented by Woodbury and Gess-Newsome (2002) and the 

Visualizing the Chemistry of Climate Change (VC3) by Mahaffy et al. (2017). The TCSR model 

acts to describe the influential role of instructors’ courses and VC3 to establish core chemistry 

concepts connected to climate science. 

As a conceptual change model, TCSR places the role of the instructor as the center of 

influence in courses, and a primary mechanism of educational reform (Woodbury & Gess-

Newsome, 2002). Through the combination of course design and the instructor’s pedagogical 

content knowledge, the instructor becomes the central figure in educational change. The TCSR 

development from the collaborations of Gess-Newsome et al. (2003) expands upon a teacher’s 

thinking, interaction, and participation in the classroom toward educational reform. The model 

divides the influence of instructors into three categories: contextual factors, personal factors, and 

teacher thinking. Contextual factors relate to the instructor’s relations to the course and 

institutional environment. Personal factors that connect with the instructor’s previous 
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experiences which include their training and demographics. Teacher thinking represents the 

perspectives held by the instructor on pedagogy, learning, and self-efficacy. The combination of 

all three pillars in the TSCR model provides insight into the link between the instructor’s 

thinking with the ability or willingness to make changes in their own teaching. 

 VC3 examines the connection between core chemistry concepts and climate change. The 

foundations of VC3 were developed from contextual based learning from conceptual change 

frameworks, personal constructivism, and learning theories that include behaviorist and cognitive 

perspectives (Bodner, 1986; Bodner & Orgill, 2007; Parchmann et al., 2015). The structure and 

design of VC3 is based upon seven climate literacy principles from the U.S. Climate Change 

Science Program. Due to the complexity of climate science, systems approaches were needed to 

develop a robust framework (Shepardson et al., 2012). Competency in these literary principles is 

considered important for having the critical thinking skills necessary to be versed in climate 

science literacy. Examples of these principles involve: “2. Climate is regulated by complex 

interactions among components of the earth system” and “7. Climate change will have 

consequences for the earth system and human lives” (P. Mahaffy et al., 2017). From these 

principles, 17 core chemistry concepts were identified that relate to such chemistry topic 

categories as bonding, gases, and thermochemistry. Core chemistry concepts then were 

connected to ideas within climate topics. One example for the core chemistry concept of 

“Chemical Bonding” was connected to the key idea of “Absorption of energy by molecules in 

different spectral regions,” as these concepts hold particular importance for the greenhouse 

effect. Each of the key connecting ideas operates as a starting point for climate principles to be 

integrated into chemistry education. 
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We combined these two frameworks in this study to understand the role of college 

chemistry instructors’ thinking, personal, and contextual factors in influencing how they connect 

core chemistry concepts to climate change principles in their teaching practice. 

Methods 

Participants and Sampling Frame 

Survey participants were sampled from departments organized according to the listing 

provided by The U.S. News & World Report 2023 ranking of chemistry departments (The Best 

Chemistry Programs in America, Ranked, 2023). Contact email information was gathered from 

the corresponding departmental websites at the listed universities and colleges in the United 

States. Data collection ceased after 259 schools were sampled resulting in 6459 undergraduate 

chemistry professors contacted. Both state and private schools were selected ranging from R1 to 

non-research institutions. A total of 417 participants fully completed the survey. 

Recruitment for the survey study was carried out via email communications as identified 

according to their prospective departmental websites (Appendix B). Electronic consent forms 

were collected from all participants prior to involvement with the survey (Appendix G). We did 

not save identifiable information outside of the participant's basic demographics. No 

compensation was provided for participation in the survey. 

Survey Development and Analysis 

The survey design and questions were developed through responses to a previous 

interview study (Wilson, Sayers, et al., 2023) and a small pilot program. The pilot program 

sampled 35 undergraduate chemistry instructors from the state of Colorado and did not overlap 

with the final study. Changes made to the survey following completion of the pilot study were in 

forced answer questions and not in content related areas. This prevented key questions from 
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being skipped by participants, such as their level of climate change inclusion in their teaching, 

ranked choice options for their decision making, and factors that influence their inclusion of 

climate topics. Qualtrics software was used as the delivery system. Electronic consent was 

acquired before access was given to the survey questions; a copy of the consent form can be 

found in Appendix G. To minimize potential participants from self-selecting out of the study, the 

language of the recruitment email focused on teaching topics rather than explicitly about climate 

change. The survey format, questions, recruitment, and consent materials were reviewed and 

approved by the University of Northern Colorado’s Institutional Review Board (IRB).  

After consent was received, the participants were first asked to select from a list of 

chemistry classes that they teach. Next, they selected a focus course which was applied to the 

remainder of the survey. The structure of the survey then focused on the level of inclusion, 

attitudes, and influences to how climate change was (or was not) included in their instruction. 

For example, the level of climate change inclusion was split into three options: “multiple ways,” 

“in passing,” or “not included.” Instructors were shown a list of connected chemistry topics with 

climate change adapted from Mahaffy’s Visualizing the Chemistry of Climate Change (VC3) (P. 

Mahaffy et al., 2017). For example, chemical reactions were a topic connected with climate 

change through the stoichiometry of combustion reactions as related to the greenhouse effect. 

The question of selecting the level of climate change inclusion was then reintroduced after the 

VC3 framework if participant who made inclusions and was not previously aware of connections 

that they may be making with climate change topics. Free response areas were opened following 

these items to allow participants the option to provide additional context. Reasons for whether 

climate change was taught or not were gathered using ranked choice design. The top rank 

indicated the highest reason for their decision to include (or not include) climate change in their 
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teaching. Likert scale items were presented to assess participants’ level as to how influential (or 

not) climate change was with their instruction. A value of 5 indicated an item that was not very 

influential for the participant to include climate change in their teaching and a value of 1 was 

very influential for the inclusion of climate change, and a 3 was a neutral position as being 

neither influential nor not influential for climate change inclusion. The last sections of the survey 

evaluated common personal factors related to the participants. Examples of some of these items 

included age, tenure status, and gender. 

Statistical analysis and data plots were carried out using R 4.3.1(Team, 2021). Violin 

plots were created using the tidyverse R package (Wickham et al., 2019) from the ggplot2 

geom_violin() function. Crosstab and stacked bar charts were converted based on the percentage 

of response for each of the corresponding categories and generated using Microsoft’s Excel. 

Validity and Reliability 

The survey design and question content were first reviewed by a climate scientist and 

education expert to establish content validity. Next, a pilot study was also employed prior to the 

main survey being sent out to optimize the formatting of the survey and establish face validity. 

Following a six-week pilot collection period, the only changes made to the format of the survey 

were the addition of force checks for certain question and correcting the flow of the questions 

examining instructor’s level of climate change content (directly, indirectly, or not at all) so that 

their ranked choice options matched the level of climate change inclusion.  

Results and Discussion 

Most survey participants (85.2%) reported that climate change was either taught 

tangentially or not at all in their focus course (Figure 6.1).  
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Figure 6.1 

Extent of Climate Change Inclusion in Participant’s Focus Course 

 

 

Table 6.1 gives a breakdown of the key chemistry concepts selected by the survey 

participants as the types of climate change content connected to their teaching. In total, 260 

participants taught about the chemistry of climate change either tangentially or in multiple ways. 

Gases appeared as the most selected core chemistry topic taught by surveyed professors. This 

was consistent with the representation of climate change topics in undergraduate textbooks 

(Wilson, Duarte, et al., 2023). Within the key concept of gases, the way carbon dioxide and 

greenhouse gases are characterized was the most commonly occurring topic (145 counts out of 

417). Descriptions of spectral absorptions and human contributions to global warming were 

equally represented (94 counts each). Areas within Matter and Measurement was the second 

highest selected core concept, specifically where chemistry can be used for solving global 

challenges was the most selected connecting topic (116 counts). The Solutions core concept was 

also highly selected among participants (113 counts) as the connecting topic was most related to 

equilibrium concepts between carbonic acid and carbon dioxide. The only other core concept that 
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had over 100 selections was chemical reactions with the connecting concept dealing with 

stoichiometry of combustion reactions as relating to greenhouse gases or carbon cycling (100 

counts). Thermochemistry had below 100 counts but shared a similar topic relationship with the 

generation of greenhouse gases was seen with the Gases key concept (96 counts). The type of 

climate change was the lowest selected with only 58 counts for temperature rise as a type of 

climate change. 

Table 6.1 

Core Chemistry Concepts and Connecting Topics Selected by Survey Participants 

 Core Concept  Connecting Topic Count 

(out of 

417) 

Gases     

  Characterization of carbon dioxide and other greenhouse gases 145 

  Absorption of energy by molecules in different spectral regions related to global 

warming 

94 

  Human involvement in greenhouse gas production 94 

  Global warming and the greenhouse effect 87 

  Nature of light and electromagnetic spectrum as related to climate change 68 

  Temperature and pressures as they relate to climate 46 

  Kinetic molecular theory related to climate change 27 

Matter and Measurement     

  Importance of chemistry in contributing solutions to global challenges 116 

  Complexity of natural systems 75 

  Data collection, analysis, and interpretation 39 

  Nature of science and uncertainty 37 

  Nature of models and modeling 23 

  Hypothesis testing 10 

Atoms, ions, and 

molecules 

    

  Speciation of carbon, nitrogen, oxygen, and phosphorous 23 

  Isotope ratios in glacial ice cores to obtain temperature proxy data 14 

(continued) 



84 

 

 

 

Table 6.1 (continued) 

Core Chemistry Concepts and Connecting Topics Selected by Survey Participants 

 Core Concept  Connecting Topic Count 

(out of 

417) 

Thermochemistry     

  Thermodynamics of the combustion of fossil fuels and production of 

atmospheric gases 

96 

  Alternative energy possibilities related to climate change 80 

  Thermodynamics of photosynthesis related to climate change or carbon recycling 34 

Solutions Chemistry     

  Equilibrium concepts of carbonic acid and carbon dioxide 113 

  Acidification of oceans by carbon dioxide and speciation of carbon in oceans 81 

  Phase changes involving water and the role of water in modulating climate 37 

  Separation and analysis of characterizing species in seawater and detection of 

trace substances 

25 

Chemical Reactions     

  Stoichiometry of combustion reactions or photosynthesis, as related to 

greenhouse gases or carbon cycling 

100 

  Atom economy, atom efficiency, and green chemistry 77 

Kinetics     

  Kinetic processes in the atmosphere, soil, and oceans 36 

  Atmospheric lifetime of greenhouse gases 23 

Electrochemistry     

  Role of chemistry in the production of modern materials and alternative energy 

sources 

78 

  Efficiency of electrochemical reactions to generate energy 49 

 

Many of the participants’ free responses tended to further elaborate on just how their instruction 

tangentially applied to climate change. 

Participant #164: When discussing nuclear reactions and calculations related to nuclear 

reactions, I discuss the energy density of various things (batteries vs. organic fuels vs. 
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nuclear fission, etc.)  Again, it's pretty tangential, but that is another area where I sort of 

bring in the topic. 

This example, like several others presented by the survey participants, chose to look at 

climate issues through the lens of alternative energy. Other participants emphasized 

environmental topics that are not related to climate change. Participant #164 said, “I discuss 

chlorofluorocarbons and how they catalyze the destruction of ozone through a radicle 

mechanism.”  However, over half of the responses made some reference to how their focal 

course did not apply to or did not contain any climate change topics. Where several others 

happened to repeat items that were already provided in the concept inventory, such as ocean 

acidification. 

 Approximately a quarter of participants (25.7%) reported incorporating some form of 

assessment related to climate change (Figure 6.2). Homework assignments had the highest 

reported values (107) followed by tests or quizzes (101). The closeness of these two values is 

likely representative of how instructors provide homework assignments that are later reflected in 

their course’s tests or quizzes. Group and individual exercises were less common (62 and 51 

counts respectively). The “other” option were items not typically related to the lecture room, 

such as laboratory activities. 
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Figure 6.2 

Types of Assessments Used by Instructors Who Teach Climate Change in Their Courses

 

Instructors are often faced with juggling a myriad of responsibilities in their roles at their 

institutions and these influence their decision-making. Participants ranked the highest that 

climate change was not related to their subject material (Figure 6.3). Time restrictions appeared 

as the second highest rank reason. Unsurprisingly, time is a frequent reason for restrictions to 

reform regardless of the underlying objective (Al Salami et al., 2017; Bagiati & Evangelou, 

2015; Collinson & Fedoruk Cook, 2001; Dancy & Henderson, 2010; Hsu et al., 2011). Feeling 

unsure how to teach climate change was the third highest ranked reason for not teaching the 

topic. Previous research has shown a connection between instructor knowledge of climate 

change with their willingness to include the subject in their courses (Li et al., 2021; Seroussi et 

al., 2019). Course standardization was commonly ranked within participants’ top 4 choices and 

had a similar distribution to wanting to prioritize other topics. Avoiding conflict and views of the 

content as being depressing only appeared at the 3rd rank or below, indicating that this was not a 

strong reason against including climate change in their teaching. This suggests that the categories 
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most often selected for the reason climate change was not taught in their chemistry course related 

to either a structural limitation (lack of time and restrictive course design) or from their 

connection to the subject (climate change not related to their subject or the uncertainty of how to 

teach climate change).  

Figure 6.3 

Reasons Instructors Do Not Include Climate Change in Their Instruction Do Not Include It in 

Their Instruction 

 

Note. “1” means participants selected this statement as their topic reason. 

 

Instructors that reported teaching climate change tangentially provided their reason for 

and against incorporating the topic in their classes (Figure 6.4). Similar to those who did not 

include climate change in their teaching at all, the top reasons among those tangentially teaching 

climate change to not include the topic were also course standardization and lacking time to 

teach the content. Participants that taught climate change tangentially indicated their priority to 

teach other topics. They were also guided by uncertainty in how to teach climate change or 

lacking in educational resources. However, the top reason for including climate change was the 
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perspective that the topic is important. Knowledge about how to teach climate change was also 

ranked highly among the 2nd and 3rd choice categories. Ranked choices for those teaching climate 

change were distributed more broadly than those who did not. than those who did not. 

Figure 6.4 

Ranked Reasons Climate Change Is Taught Tangentially or in Passing 

 

 

Note. A) Reasons for why climate change is included. B) Reasons for why climate change is not 

included. “1” means participants selected this statement as their topic reason. 

 

Instructors who taught climate change in multiple ways also selected the importance of 

climate change as the top reason for content inclusion (Figure 6.5). Interest from their students 

was also highly ranked among the survey participants. The perceived importance of climate 

change combined with the curiosity of their students seems to be the biggest reasons for these 

instructors to include climate change topics in their teaching. 
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Figure 6.5 

Ranked Reasons Climate Change Are Included by Participants Who Taught Climate Change in 

Multiple Ways 

 

Note. “1” means participants selected this statement as their topic reason. 

 

 Some participants also provided additional context through their free response for their 

reasonings for including climate change in their teaching. One participant expanded on their 

reasons for including climate change in their course multiple ways:  

Participant #114: If I don’t teach this, many students may go through their entire college 

career and never learn the science of something that that will have much impact on their 

lives. 

 Most students don’t take chemistry beyond general chemistry and would not be exposed 

to the connections between chemistry and climate change. Environmental chemistry courses also 

are typically offered as electives, which leaves behind the bulk of chemistry students if their 

departments offer such a course at all. Some instructors commented on the structure of their 

general chemistry course to catch students on important socially relevant topics (such as climate 

change): 
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Participant#74: I typically teach Gen Chem 2, which does not include a large amount of 

climate related topics - but our Gen Chem 1 classes include a full-fledged module on 

climate change. We chose Gen Chem 1 for this as a larger number of students takes Gen 

Chem 1 compared to Gen Chem 2. 

 For instructors that provided a less direct connection of their teaching to climate change, 

their reasoning still used chemistry as a means of explaining issues in the “real world.” For 

example, one survey participant stated: 

Participant #113: The topic of climate change demonstrates the complexity of “real world 

chemistry” and chemistry solutions to problems. This issue of climate change connects 

several very important topics in chemistry. Once students have a fundamental knowledge 

of some of these topics, we can start to bring them together to provide a picture of how 

chemistry (and our actions) influence several aspects of climate. 

 The thoughts of bringing chemistry concepts into the real world showed how this 

instructor incorporated best practices into their teaching. By guiding students through the 

complex nature of chemical topics they can make deeper, more meaningful inferences about how 

humanity impacts the climate. Contrasted with participants who did not include climate change 

in their teaching at all, one participant expressed their views as teaching chemistry independent 

of the real-world context. Participant #190: “I teach my students how molecules are named, and 

how they react. I will not tell them how they must use this information, or what causes they 

should pursue relating to this information.” 

 This instructor’s perspective separates the applications that can be made with chemistry 

to focus more on fundamental topics. Also, this participant’s comment on climate change as a 
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cause, rather than a scientific phenomenon, may suggest other influences outside of scientific 

concepts that direct their teaching of chemistry. 

Influences on the Inclusions or Exclusion of Climate 

Change in Undergraduate Chemistry Courses  

 

Educational resources, such as textbooks and open educational resources along with 

research and education journals involving climate change had the largest number of participants 

selecting these items as either very or somewhat influential (Figure 6.6). The use of any 

educational resource requires an instructor who is knowledgeable enough about the availability 

of these assets and who is also capable of extracting the components that would be the best for 

their course. 

Professional organizational guidelines, professional development or conferences, and 

student feedback had the next highest distributions of participants. However, the majority of the 

sampled categories were reported has having neutral influence towards incorporating climate 

change in their teaching. Commitments related to research and service were among the least 

influential categories. Contrary to perspectives reported in the literature, the concern over the 

politicization of climate change was the most common category to be neither influential nor not 

influential in incorporating climate change (Nation & Feldman, 2022). 
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Figure 6.6 

Likert Scaled Responses on Influences to Include Climate Change 

 

Chemistry Connections Most Frequently Associated  

With Climate Change 

 

 General chemistry 1 and or 2 appeared as the most frequently selected focus course with 

organic chemistry being second and a somewhat even proportion between physical, 

biochemistry, and analytical (Figure 6.7). The distribution of courses is unremarkable due to 

general and organic chemistry being the most common courses offered among the population 

sampled. 
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Figure 6.7 

Selected Focus Course for Content Connections With Climate Change 

  

 A crosstabulation showed the extent of inclusion of climate change with the participant’s 

chosen focal course (Figure 6.8). Apart from environmental chemistry and other topics, 

approximately 50% of the remaining courses included climate change tangentially. These 

participants most often selected general chemistry as their focal course (133 participants). 

Organic chemistry, biochemistry and other topics had proportionally more participants who did 

not include climate change than other chemistry courses (43%, 52%, and 60%, respectively.)  
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Figure 6.8 

Crosstabulation of Selected Focus Course With Level of Climate Change Inclusion 

 

Importance of Climate Change 

As individuals, instructors overwhelmingly valued the importance of climate change (83% of the 

total participants). However, when asked as educators, these perspectives shifted more toward a 
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neutral position (Figure 6.9) Instructors indicated why this might be in the free response. For 

example, one instructor said, “I don’t really have the time to revise my notes to make climate 

change a major focus of my teaching, although I would love to include it.” Another instructor 

said, “It would be easier to incorporate if I had the teaching resources to use in class instead of 

having to create them myself.” These instructors’ comments related to limitations in resources 

and time to include climate change in their teaching. The high importance of climate change as 

individuals to these instructors and the difference presented as educators could be viewed more 

as a set of structural issues rather than a desire to not include it. 

Figure 6.9 

Undergraduate Chemistry Instructors Value Climate Change as Individuals and Educators. 

 

 

 

A crosstabulation showed the relationship between the level of climate change inclusion 

in the participant’s focal course with their views of climate change’s importance to them as 

educators (Figure 6.10). Instructors who connected climate change multiple ways in their course 

were almost exclusively those who also viewed the topic as either very or extremely important. 
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Those who viewed climate change either in the neutral or not important categories tended to not 

incorporate climate change in their teaching. Instructors who covered climate change 

tangentially, viewed climate change as a very important topic the highest and had a more even 

split between extremely important and the neutral position. 

Figure 6.10 

Crosstab of Importance of Climate Change as an Educator With the Level of Inclusion in 

Teaching 

 
 

The personal factors of the participants were considered for the role they could play in 

influencing the level of climate change included in their teaching. The level of climate change 

inclusion did not appear to have any meaningful patterns when compared to the participant’s first 

appointment year (Table 6.2). The tenure status of participants had a similar distribution across 

level of climate change inclusion (Table 6.3). However, there were no participants who were on 

the tenure track that also taught climate change in multiple ways. Instructors who are non-tenure 
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track tend to hold views of being excluded or have their agency constrained (Drake et al., 2019; 

Haviland et al., 2017). Tenured faculty are more likely to be involved in forwarding climate 

change related issues such as university divestment from fossil fuels (Stephens et al., 2018). The 

incorporation of more interdisciplinary collaboration in tenure and promotion guidelines could 

act as a means of improving the broader climate perspectives into university courses. 

Table 6.2 

Crosstabulation Frequency of Level of Climate Change Inclusion With First Appointment Year 

 

1970-

1975 

(%) 

1976-

1980 

(%) 

1981-

1985 

(%) 

1986-

1990 

(%) 

1991-

1995 

(%) 

1996-

2000 

(%) 

2001-

2005 

(%) 

2006-

2010 

(%) 

2011-

2015 

(%) 

2016-

2020 

(%) 

Not 

included 
1 2 1 5 11 10 10 19 20 21 

Included 

tangentially 
0 3 4 5 7 13 13 13 19 23 

Multiple 

times 
0 9 6 11 17 21 9 2 17 9 

 

Table 6.3 

Crosstabulation Frequency of Level of Climate Change Inclusion With Tenure Status 

 Tenure 

(180 

participants)  

(%) 

Tenure track 

(41 participants) 

(%) 

Non-tenure 

(67 participants) 

(%) 
Total 

Not included 61 15 24 93 

Included 

tangentially 
61 18 21 148 

Multiple times 70 0 30 47 

 

The majority of the participants had professor in their title (Table 6.4). Based on 

academic role, the distribution of participants was relatively close with one another. This 

suggests that the academic role of the participants does not have a connection to their instruction 

of climate change material. From a wider university perspective, institutions which are unclear in 
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their organization values, as related to climate change, can create attitude gaps among faculty 

and staff (Hindley, 2022). To overcome these issues, universities must be more explicit in their 

promotion of interdisciplinary approaches to research, communication among departments, and 

work towards facilitating collective actions around climate change education (Leal Filho et al., 

2018). 

Table 6.4  

Crosstabulation Frequency of Level of Climate Change Inclusion With Academic Role. 

 
Adjunct 

(1) 

(%) 

Instructor 

(7) 

(%) 

Lecturer 

(30) 

(%) 

Assistant 

Professor 

(148) 

(%) 

Associate 

Professor 

(58) 

(%) 

Professor 

(135) 

(%) 

Postdoc 

(1) 

(%) 
Total 

Not included - 2 10 34 18 35 - 119 

Included 

tangentially 
0.5 1 6 44 14 33 0.5 203 

Multiple 

times 
- 3 9 29 14 45 - 58 

 

Limitations 

 Convenience sampling was used for the collection purposes of this study and carries 

issues inherent with that form of data collection. Response rates are typically low for most 

surveys. This study concluded with a response rate of 6.2%. Self-reported areas of the survey, 

such as those involving gender and race/ethnicity, were left open for participants to respond 

freely, and many chose not to respond, lowering the overall response rate for those questions. 

Due to the reduced response for those categories, those data were excluded from the personal 

factors analysis. 

 Survey questions can be interpreted in several ways. For instance, questions involving 

what influences their decision-making on including climate change could be viewed as either 

from their professional or personal perspective depending on the participant. The format of the 



99 

 

 

 

survey sought to separate some of these influences, such as the importance of climate change as 

an educator versus an individual, but variation among the interpretation of the participants cannot 

be fully avoided. 

Conclusions and Implications 

In this national survey of undergraduate chemistry instructors in the United States we 

uncovered the ways they incorporate climate change into their courses. Additionally, this survey 

provided insight into the influences on their decision-making process and the role instructor’s 

thinking, personal and contextual factors played. 

Most of survey participants reported that climate change was either taught tangentially or 

not at all in their focus course. For instructors who connected chemistry concepts to climate 

principles, gases and matter and measurement were the most common chemistry concepts 

selected, whereas kinetics and isotopes were less common. A quarter of participants reported 

incorporating some form of assessment related to climate change. Instructors’ ranked statements 

related to their decision-making process. Time constraints, standardization and autonomy over 

their course were the top reasons for instructors to teach climate change tangentially or not at all. 

This result was consistent with other studies that have shown that instructors who value climate 

change and other socio-scientific issues also lack inclusion of such topics in their teaching 

(Dawson, 2012; Feierabend et al., 2011; Nida et al., 2020). None of the most frequently selected 

reasons had anything to do with avoiding creating conflict or that climate change itself was not 

an important topic. For instructors who did teach climate change, their decisions were guided by 

the importance of the topic and perceived student interest. These perspectives were also 

consistent with the instructors who taught climate change tangentially. Textbook and journals 

were somewhat influential for instructors incorporating climate change, whereas all other 
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contextual factors surveyed were selected as not influential for either incorporating or not 

incorporating climate change. General Chemistry was the course where climate change was more 

common, whereas in Organic Chemistry it was less common. Overall, these instructors 

overwhelmingly valued the importance of climate change as individuals, but often saw it as less 

relevant to their specific course. None of the personal factors that were able to be collected 

correlated with instructors’ level of climate change inclusion. 

To better achieve these types of topical integration, instructors will need to be better 

educated and equipped with the materials to make these incorporations easily. Several 

organizations and resources already exist whose mission is focused on providing educators with 

the tools to better incorporate socio-scientifically relevant topics in their courses (Carson & 

Dawson, 2020; Flener-Lovitt, 2014; Macalalag et al., 2020; P. Mahaffy & Elgersma, 2022; 

Zeidler & Sadler, 2023). Future work could investigate the way instructors discover and use 

educational resources related to climate change to inform on ways these methods could be 

applied to the broader chemistry teaching population.   
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CHAPTER VII 

CONCLUSIONS 

The purpose of this dissertation was to examine the educational influence textbooks and 

undergraduate instructors have on their students. 

Climate Change Content in Undergraduate 

General Chemistry Textbooks 

Textbook chapters relating to gas concepts were the overwhelming most frequent source 

of connections made between chemistry and climate change. These topics were most often 

related through the description of carbon dioxide and other greenhouse gases. Fossil fuels and 

human activity were other links that were used to describe the greenhouse effect and describe 

these concepts according to their ability to warm the planet. Other connections emphasized in 

general chemistry textbooks was also how greenhouse gases were characterized but through 

different chemical perspectives. Outside of gas chemistry, matter, and measurement along with 

chemical bonding was the next most commonly appearing chemical concepts. Matter and 

measurement content detailed models of climate change and commented on the nature of 

scientific understanding. Chemical bonding highlighted the activity of greenhouse gases with 

absorption energies in different spectral regions. 

The level of climate change content within the sampled undergraduate general chemistry 

textbooks varied extensively. The topic selection of each textbook was reflective of the 

importance of a given topic. Climate change concepts were distributed across four categories: the 

main body of text, margins (including additional essays), figures, and end-of-chapter 
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assessments. Textbooks that discussed climate change were located outside of the main body of 

text. End-of-chapter assessments would often describe small connections to climate change that 

were frequently left outside of the main body of text. Anecdotes or short vignettes were the most 

common structure in these questions but would sometimes lack context for how it related to 

chemistry or climate change. Any content gaps left open by the use of such a textbook would 

leave the instructor to make up for the deficit if they desired to explain the connections between 

climate change and chemistry. 

The presence of content gaps in the connecting topics between climate change and 

chemistry could also contribute to a lack of student understanding and further implicate 

misconceptions. Examples of these implications have been studied and most often involve the 

nature of carbon dioxide, other greenhouse gases, and the relationship between the carbon cycle 

and water (Jarrett & Takacs, 2020). Students are susceptible to these misconceptions due to not 

being given a proper context around climate change to have a comprehensive understanding of 

the topic (Shepardson et al., 2009). Though misconceptions can be hard to overcome, addressing 

these issues directly has shown progress in resolving these problems (McCuin et al., 2014). The 

presentation of climate change in textbooks could be related to how misconceptions continue to 

persist among students. 

General chemistry is often the only sequence of chemistry many students take during 

their undergraduate experience. If socio-scientific topics, such as climate change, aren’t 

presented in these entry level courses, students would be left without experiencing such content 

at all. Furthermore, due to a lack of content coordination across undergraduate STEM courses, 

non-science students may never come into contact with any form of climate change education. 
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With proper interdisciplinary coordination, students have a greater probability of developing 

clear scientific understanding of topics that are most likely to impact their lives in the future. 

Due to the influence that textbooks have on course structure and curricular design, this 

study provides insight into how climate change content may be included in general chemistry 

courses. Textbooks that have a lack of climate change context then fall on the instructor to either 

make up the difference or omit such content from their teaching. However, further study is 

necessary to fully investigate the connection between climate change resources and use by 

chemistry instructors. 

Interviews of Instructor Teaching of Climate 

Change in Undergraduate Chemistry 

 Undergraduate chemistry instructors interviewed in this study most often taught climate 

change topics in multiple ways. The degree to which climate change was taught was split 

between being explicit, tangential, or not at all in their course design. Climate change topics were 

facilitated in their courses through several levels of pedagogical choices, such lectures, in-class 

discussions, and homework (or other assessment items). Similar to the textbook analysis study, 

instructors related climate change by emphasizing carbon dioxide and greenhouse gases. 

However, these instructors focused more on human’s role in the development and responsibility 

for climate change. 

 The qualities of our sampled instructors who explicitly taught climate change had a clear 

understanding of the topic, maintained autonomy over their course, and were guided by the 

degree they valued the importance of teaching climate change to their students. Additionally, 

being able to access and use appropriate resources aided in integrating climate change concepts 

with their course design. Several interview participants expressed their desire for students to 

have a deeper understanding of socially relevant scientific topics and would structure their 
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course to so that the most important topics were covered earlier in the semester, where students 

would be less affected by the end of term fatigue. 

 The expansion of climate change coverage in chemistry classes was conveyed by a 

majority of the interviewed participants. These views often further extended into commenting on 

a more interdisciplinary approach to teaching important scientific topics, like climate change. 

Their goals would have an alignment of several classes reinforcing these relevant topics 

throughout all STEM courses. They also emphasized the importance of laying the foundational 

knowledge for students earlier so that more meaningful connections can be made when they 

participate in other courses.  

Other recommendations for including climate change in chemistry education detailed 

taking an incremental approach. Small additions of content could build upon itself over the 

course of several semesters culminating in larger change without having to resort to a new course 

design. However, this option would be limited to instructors that have the ability to teach the 

same course over several semesters and also have the autonomy to make changes to their course. 

Large universities with multiple sections of the same course, like what is often seen with general 

chemistry, could prove challenging to institute changes with this approach. The ability to reform 

greater educational structures also requires administrative support. In order for reforms to be 

long lasting and interdisciplinary, such engagement from department chairs, deans, and 

university presidents is needed to organize and facilitate these transformations. 

National Survey of Chemistry Instructor Perspectives 

on Teaching Climate Change 

Climate change was valued highly to survey respondents as individuals similarly as it 

was to the interview participants. However, survey participants’ teaching of climate change was 

not reflective of their values which was consistent with other studies evaluating the inclusion of 
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socio-scientific topics in secondary and undergraduate science teaching (Dawson, 2012; 

Feierabend et al., 2011; Nida et al., 2020). The main reasons provided for why climate change 

was not included were a lack of time and restrictions related to course standardization. Barriers 

from time restrictions are a common issue for education reforms and are not unique to chemistry. 

Some of the comments reflected in the free response sections for the participant’s reasoning 

highlighted these structural constraints while also still communicating their views of climate 

change as an important topic that they were still interested in incorporating. 

Chemistry instructors who did teach climate change multiple ways selected the interest 

from their students along with their own knowledge of the subject combined with their ability to 

make changes to their courses as the main reasons for content inclusion. Instructors who taught 

climate change tangentially also selected similar reasons for topic inclusion despite a different 

level of engagement with the material. Among the factors that could influence instructors’ 

inclusion of climate change, only educational resources such as textbooks and journal articles 

were found to be somewhat influential. Every other category, ranging from institutional levels 

(like tenure promotion and administration) and student interactions (requests, feedback, and class 

size) were not influential. 

Further studies will be needed to better assess what changes could be made to take a 

tangential teaching instructor into covering the topic in more ways. Climate change educational 

resources do exist for chemistry (such as those provided by VC3 for example) and have also 

been expanding over recent years (Belova et al., 2015; P. Mahaffy et al., 2017; Molthan-Hill et 

al., 2022; Rudd, 2021; A. Versprille et al., 2017). This study suggests that there may be a 

disconnect between instructors and their knowledge of or access to these educational resources. 

Additional research could examine this gap and provide understanding for how instructors can 
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better use alternative educational resources to enhance their teaching and provide better socio-

scientific coverage for their students. 

Conclusions and Implications 

The coverage of climate change in undergraduate general chemistry textbooks was 

similar to how instructors, from both the interviews and survey, covered the topics in their 

classes. Gas chemistry was the most common approach to connect climate change with 

chemistry. Topics ranged from describing the greenhouse effect to how molecules absorb energy 

in different spectral regions. Textbooks were also highly regarded as a strong influence on the 

ability to incorporate climate change with their teaching. Books, much like the instructors, that 

incorporated climate change in multiple ways would provide a clearer, more robust 

understanding of the topic. Instructors who were explicit in their inclusion of climate change had 

alignment of the topic through several layers in their course design. Exams, homework questions, 

and class discussions were some of the examples provided. Textbooks similarly aligned their 

climate change content through the presentation of material in the main text, figures/margins, 

and within end-of-chapter assessments. Future studies could examine how instructors choose 

their educational resources and make decisions on how these materials best serve learning. 

Climate change was valued highly for all the interview participants and for the majority 

of survey participants. The value that instructors placed on climate change was not always 

reflected in their teaching. More for the survey participants than those of the interviews, climate 

change was often covered tangentially or not at all. Competition on their time to make reforms 

was a universal limitation to pursuing and developing reforms. The desire for more easily 

accessible educational materials was expressed in both survey and interview participants. To 

bridge the gap between instructors who teach climate change tangentially or not at all, access to 
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educational resources needs to be more explicit and opportunities for professional development 

more easily available. 
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Date: 07/01/2021  

Principal Investigator: Patrick Wilson  

Committee Action: IRB EXEMPT DETERMINATION – New Protocol  

Action Date: 07/01/2021  

Protocol Number: 2106026945  

Protocol Title: Chemistry instructor's perspectives in incorporating climate change instruction in 
undergraduate chemistry courses.  

 

Expiration Date:  
 

 
 
The University of Northern Colorado Institutional Review Board has reviewed your protocol and 
determined your project to be exempt under 45 CFR 46.104(d)(702) for research involving  

Category 2 (2018): EDUCATIONAL TESTS, SURVEYS, INTERVIEWS, OR OBSERVATIONS OF 
PUBLIC BEHAVIOR. Research that only includes interactions involving educational tests (cognitive, 
diagnostic, aptitude, achievement), survey procedures, interview procedures, or observation of public 
behavior (including visual or auditory recording) if at least one of the following criteria is met: (i) The 
information obtained is recorded by the investigator in such a manner that the identity of the human 
subjects cannot readily be ascertained, directly or through identifiers linked to the subjects; (ii) Any 
disclosure of the human subjects' responses outside the research would not reasonably place the 
subjects at risk of criminal or civil liability or be damaging to the subjects' financial standing, employability, 
educational advancement, or reputation; or (iii) The information obtained is recorded by the investigator in 
such a manner that the identity of the human subjects can readily be ascertained, directly or through 
identifiers linked to the subjects, and an IRB conducts a limited IRB review to make the determination 
required by 45 CFR 46.111(a)(7).  

You may begin conducting your research as outlined in your protocol. Your study does not require further 
review from the IRB, unless changes need to be made to your approved protocol.  

As the Principal Investigator (PI), you are still responsible for contacting the UNC IRB office if and 
when:  
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Carter Hall 2008 | Campus Box 143 | Greeley, CO 80639 | Office 970-351-1910 

 

• You wish to deviate from the described protocol and would like to formally submit a modification 
request. Prior IRB approval must be obtained before any changes can be implemented (except to 
eliminate an immediate hazard to research participants).  

• You make changes to the research personnel working on this study (add or drop research staff on this 
protocol).  

• At the end of the study or before you leave The University of Northern Colorado and are no longer a 
student or employee, to request your protocol be closed. *You cannot continue to reference UNC on any 
documents (including the informed consent form) or conduct the study under the auspices of UNC if you 
are no longer a student/employee of this university.  

• You have received or have been made aware of any complaints, problems, or adverse events that are 
related or possibly related to participation in the research.  
 
If you have any questions, please contact the Research Compliance Manager, Nicole Morse, at 
970-351-1910 or via e-mail at nicole.morse@unco.edu. Additional information concerning the 
requirements for the protection of human subjects may be found at the Office of Human Research 
Protection website - http://hhs.gov/ohrp/ and https://www.unco.edu/research/research-integrity-and 
compliance/institutional-review-board/.  

Sincerely,  

Nicole Morse  
Research Compliance Manager  

University of Northern Colorado: FWA00000784  

Carter Hall 2008 | Campus Box 143 | Greeley, CO 80639 | Office 970-351-1910 
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Dear Dr. [name inserted here], 

My name is Patrick Wilson and I am a graduate student from the Chemistry and Biochemistry 

Department at the University of Northern Colorado. I am writing to invite you to participate in 

my research study about climate change instruction in your undergraduate chemistry courses. I 

would like to speak with you even if you do not discuss or teach climate change in your 

chemistry courses. I obtained your contact information from your department’s faculty page. 

  

If you decide to participate in this study, you will be interviewed over the course of 30 minutes 

to 1 hour. I would like to audio/video record the interview. The information obtained from the 

interview will be used to examine the extent of climate change related topics and their 

incorporation into undergraduate level chemistry courses. 

  

This request for an interview is completely voluntary. You can choose whether you’d like to 

participate in this study. If you would like to be involved with this study, you can schedule a time 

to do the interview here, or by phone at 970-238-0405. 

Thank you very much for your time. 

  

Sincerely, 

  

Patrick Wilson M.S. 

Pronouns: his/him/he 

Graduate Teaching Assistant  

Department of Chemistry and Biochemistry 

University of Northern Colorado 

  

https://outlook.office365.com/owa/calendar/ChemEd@uncoedu.onmicrosoft.com/bookings/
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CONSENT FORM FOR HUMAN PARTICIPANTS IN RESEARCH  

UNIVERSITY OF NORTHERN COLORADO  

  

Project Title: Chemistry instructor’s perspectives in incorporating climate change instruction in 

undergraduate chemistry courses.  

  

Researcher: Patrick Wilson  

Email: patrick.wilson@unco.edu  

  

Research Advisors: Melissa Weinrich, PhD  

phone number: (970)351-1172    email: melissa.weinrich@unco.edu   

  

The goal of this project is to understanding undergraduate chemistry instructor’s perspectives on 

incorporation and teaching of climate change related topics in their courses. As a participant in this study, 

you will be asked to be interviewed. The interview will last approximately 30 minutes to 1 hour. The 

interview will be recorded and later transcribed.   

  

Steps will be taken to provide maximal confidentiality during the data acquisition process and analysis. 

Consent forms signed will be stored separately from the data as to not provide any link between the 

participant and data collected. Each participant will be assigned an alias associated with your answers to 

interview questions and basic demographic information. Voice recordings will be stored on a password 

protected electronic device. Any future publications will include alias’s and only de-identified data.  

  

While participating in this study, there is no expectation that you will encounter a level of risk different 

from any normal typical day. Your time is extremely valuable and is expected to cover 30 minutes to 1 

hour to conduct your interview with me. There will be no other forms of compensation for this time 

beyond my gratitude.  

  

Participation is voluntary. You may decide not to participate in this study and if you begin participation 

you may still decide to stop and withdraw at any time. Your decision will be respected and will not result 

in loss of benefits to which you are otherwise entitled. Having read the above and having had an 

opportunity to ask any questions, please sign below if you would like to participate in this research. A 

copy of this form will be given to you to retain for future reference. If you have any concerns about your 

selection or treatment as a research participant, please contact Nicole Morse, IRB Administrator, Office 

of Research, Kepner Hall, University of Northern Colorado Greeley, CO 80639; 970-351-1910.  

  

  

  

__________________________                                                    ________________________________  

Participant’s Signature Date                                             Researcher’s Signature  Date   

mailto:patrick.wilson@unco
mailto:Melissa.weinrich@unco.edu
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• How important is climate change to you as an educator?  

• Briefly, what is your teaching philosophy? What courses do you teach?  

• Do you discuss climate change (including any related subtopics) in your 

chemistry courses?   

• If so how? Can you give an example? How (did) do you make 

decisions about how to include instruction about climate change in 

your course?  

   

• If not, why not? What are the reasons why you don’t discuss climate change?  

• How would you make decisions about how to include or not include 

instruction about climate change in your course?  

• If you are not incorporating climate change instruction in your chemistry 

courses, could you give an example of how you could do this? Where could 

this occur in your course?  

• Here is an example of an activity that could be used in general chemistry. The 

example examines a comparison in carbon dioxide output from the 

combustion of ethanol versus octane. Would you be interested in 

incorporating this type of activity in your chemistry courses?   

   

• What benefits do/would your students get from this activity?  

• What barriers do/would you experience in using this activity?  

   

• Have you had informal conversations with students about climate change?  

• Do you have any recollection of students asking questions in class about 

topics related to climate change?  

• In your own undergraduate education, did/how did your instructors talk about 

climate change?  

• Which courses should address climate change related topics?  

• What suggestions do you have for improving instruction about the chemistry 

of climate change in chemistry courses?  

Demographic information   

Please select your age range:  

• 18-24 25-34 35-44 45-54 55-64 65+  

• What is your gender?  

• How do you identify your ethnicity?  

• What is your highest level of education?  

• What position do you hold at your university?  
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Date: 11/11/2022  

Principal Investigator: Patrick Wilson  

Committee Action: IRB EXEMPT DETERMINATION – New Protocol Action 
Date: 11/11/2022  

Protocol Number: 2210045499  

Protocol Title: Undergraduate Chemistry Professor's Perspectives on Content Selection in Chemistry 
Courses  

 

Expiration Date:  
 

 
 
The University of Northern Colorado Institutional Review Board has reviewed your protocol and 
determined your project to be exempt under 45 CFR 46.104(d)(702) for research involving  

Category 2 (2018): EDUCATIONAL TESTS, SURVEYS, INTERVIEWS, OR OBSERVATIONS OF 
PUBLIC BEHAVIOR. Research that only includes interactions involving educational tests (cognitive, 
diagnostic, aptitude, achievement), survey procedures, interview procedures, or observation of public 
behavior (including visual or auditory recording) if at least one of the following criteria is met: (i) The 
information obtained is recorded by the investigator in such a manner that the identity of the human 
subjects cannot readily be ascertained, directly or through identifiers linked to the subjects; (ii) Any 
disclosure of the human subjects' responses outside the research would not reasonably place the 
subjects at risk of criminal or civil liability or be damaging to the subjects' financial standing, employability, 
educational advancement, or reputation; or (iii) The information obtained is recorded by the investigator in 
such a manner that the identity of the human subjects can readily be ascertained, directly or through 
identifiers linked to the subjects, and an IRB conducts a limited IRB review to make the determination 
required by 45 CFR 46.111(a)(7).  

You may begin conducting your research as outlined in your protocol. Your study does not require further 
review from the IRB, unless changes need to be made to your approved protocol.  

As the Principal Investigator (PI), you are still responsible for contacting the UNC IRB office if and 
when:  
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Carter Hall 2008 | Campus Box 143 | Greeley, CO 80639 | Office 970-351-1910 

 

• You wish to deviate from the described protocol and would like to formally submit a modification 
request. Prior IRB approval must be obtained before any changes can be implemented (except to 
eliminate an immediate hazard to research participants).  

• You make changes to the research personnel working on this study (add or drop research staff on this 
protocol).  

• At the end of the study or before you leave The University of Northern Colorado and are no longer a 
student or employee, to request your protocol be closed. *You cannot continue to reference UNC on any 
documents (including the informed consent form) or conduct the study under the auspices of UNC if you 
are no longer a student/employee of this university.  

• You have received or have been made aware of any complaints, problems, or adverse events that are 
related or possibly related to participation in the research.  
 
If you have any questions, please contact the Research Compliance Manager, Nicole Morse, at 
970-351-1910 or via e-mail at nicole.morse@unco.edu. Additional information concerning the 
requirements for the protection of human subjects may be found at the Office of Human Research 
Protection website - http://hhs.gov/ohrp/ and https://www.unco.edu/research/research-integrity-and 
compliance/institutional-review-board/.  

Sincerely,  

Nicole Morse  
Research Compliance Manager  

University of Northern Colorado: FWA00000784  

Carter Hall 2008 | Campus Box 143 | Greeley, CO 80639 | Office 970-351-1910 
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Dear Chemistry Professor, 

 

My name is Patrick Wilson and I am a graduate student from the Chemistry and Biochemistry 

Department at the University of Northern Colorado. I am writing to invite you to participate in 

my research study about how content is selected regarding the instruction in your undergraduate 

chemistry courses. I obtained your contact information from your department's faculty page. 

  

If you decide to participate in this study, you will be taking a survey that is projected to take 

between 10 and 20 minutes. The information gathered from this survey seeks to provide insight 

as to the selection of topics in your undergraduate chemistry course(s). 

  

This request for this survey is completely voluntary. You can choose whether you'd like to 

participate in this study. If you would like to be involved with this study, please click the 

following link below: 

  

Follow this link to the Survey:  

${l://SurveyLink?d=Take the Survey} 

Or copy and paste the URL below into your internet browser: 

${l://SurveyURL} 

Follow the link to opt out of future emails: 

${l://OptOutLink?d=Click here to unsubscribe} 

  

Thank you very much for your time. 

  

Sincerely, 

  

Patrick Wilson M.S. 

Pronouns: his/him/he 

Doctoral Candidate 

Department of Chemistry and Biochemistry 

University of Northern Colorado 
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This research project seeks to describe the extent to which climate change topics are included in 

undergraduate chemistry instruction. We also hope to understand the contextual, personal, and 

decision-making processes in your instructional practices. As a participant in this study, you will 

be asked to take a brief survey. The survey is expected to take between 10 to 20 minutes. This 

data collection and analysis process will be anonymous. No personal identifiable information 

will be collected outside of demographic details. All data will be stored on a password protected 

electronic device.  

 

If you have any questions about this research project, please contact Patrick Wilson at 

patrick.wilson@unco.edu. If you have any concerns about your selection or treatment as a 

research participant, please contact Nicole Morse, IRB Administrator, Office of Research, 

Kepner Hall, University of Northern Colorado Greeley, CO 80638; 970-351-1910. 

 

Thank you for agreeing to participate in our research. Before you begin, please note that the data 

you provide may be collected and used by Qualtrics as per its privacy agreement. Additionally, 

this research is for residents of the United States over the age of 18; if you are not a resident of 

the United States and/or under the age of 18, please do not complete this survey. 

 

Qualtrics has specific privacy policies of their own. You should be aware that these web services 

may be able to link your responses to your ID in ways that are not bound by this consent form 

and the data confidentiality procedures used in this study. If you have concerns, you should 

consult these services directly. 

 

Participation is voluntary. While participating in this survey, there is no expectation that you will 

encounter any level of risk different from any normal typical day. Your time is extremely 

valuable, and the survey is expected to take 10 to 20 minutes to complete. There will be no other 

form of compensation for participation outside of my gratitude. Having read the above, please 

indicate your acceptance to participate in this research below: 

Yes: continues survey 

No: ends survey 

[Contextual Factors]  

Which undergraduate chemistry courses have you taught or currently teach? Please select all of 

the following that apply:   

o Introductory Chemistry  

o General, Organic, and Biochemistry (GOB)   

o General Chemistry 1 and/or 2   

o Organic Chemistry 1 and/or 2, or 1-semester survey   

o Analytical and/or Instrumental Chemistry  

o Physical Chemistry 1 and/or 2, or 1-semester survey   

o Biochemistry Chemistry 1 and/or 2, or 1-semester survey   

o Inorganic Chemistry 1 and/or 2, or 1-semester survey   

o Environmental Chemistry  

o Other topics (e.g. materials, polymers, advanced synthesis, etc.)    

 

Please select one course to focus on in this survey. Which course will you focus on for this 

survey?   
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1. Introductory   

1. GOB   

2. General 1 and/or 2   

3. Organic 1 and/or 2, or 1-semester survey   

4. Analytical and or Instrumental   

5. Physical 1 and/or 2, or 1-semester survey   

1. Biochemistry 1 and/or 2, or 1-semester survey   

2. Inorganic 1 and/or 2, or 1-semester survey   

3. Environmental   

4. Other topics (e.g. materials, polymers, advanced synthesis, etc.)    

What textbook (title, author, and edition) is used in this course? 

_______________________________   

  

[Teacher Thinking]   

Rate the importance of the following statements:   

Climate change is important to me as an educator   

• Extremely Important   

• Very important   

• Neither important no unimportant   

• Not very important   

• Not at all important   

Climate change is important to me as an individual   

• Extremely Important   

• Very important   

• Neither important nor unimportant   

• Not very important   

• Not at all important   

  

o Instructor Decisions about Climate Change   

Indicate which of the following topics are covered in your focus course, as they relate to climate 

change:   

  

o Gases  

o Characterization of carbon dioxide and other greenhouse gases   

o Temperature and pressure as they relate to climate     

o Kinetic molecular theory related to climate change    

o Nature of light and electromagnetic spectrum, as related to climate 

change   

o Absorption of energy by molecules in different spectral regions related to 

global warming   

o Global warming and the greenhouse effect    

o Human involvement in greenhouse gas production   

o Matter and Measurement  

o Data collection, analysis, and interpretation (related to climate change)  

o Hypothesis testing (related to climate change)  

o Nature of models and modeling (related to climate change)  
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o Nature of science and uncertainty (related to climate change)  

o Complexity of natural systems  

o Importance of chemistry in contributing solutions to global challenges 

(e.g. sequestration of carbon, alternative energy opportunities) 

o Atoms, ions & molecules    

o Isotope ratios in glacial ice cores to obtain temperature proxy data    

o Speciation of carbon, nitrogen, oxygen & phosphorus as connected to 

climate change  

o Thermochemistry     

o Thermodynamics of photosynthesis related to climate change or carbon 

cycling  

o Thermodynamics of the combustion of fossil fuels & production of 

atmospheric gases, related to climate change   

o Alternative energy possibilities related to climate change 

o Solutions    

o Separation and analysis in characterizing species in seawater and detection 

of trace substances  

o Acidification of oceans by CO2 and speciation of carbon in the oceans  

o Equilibrium concepts of carbonic acid and carbon dioxide    

o Phase changes involving water & the role of water in modulating climate    

o Chemical Reactions  

o Stoichiometry of combustion reactions or photosynthesis, as related to 

greenhouse gases or carbon cycling   

o Atom economy, atom efficiency & green chemistry    

o Kinetics    

o Atmospheric lifetime of greenhouse gasses  

o Kinetic process in the atmosphere, soils & oceans    

o Electrochemistry    

o Role of chemistry in the production of modern materials & alternative 

energy sources which include biofuels, batteries, solar, wind power, etc.   

o Efficiency of electrochemical reactions to generate energy   

o Climate Change Outcomes  

o Increase in atmospheric temperature  

o Increase in ocean temperature  

o Rise in sea level  

o Ecosystem changes  

o Human health, societal changes, and/or water resources  

o Timing of the impacts of climate change  

  

Check box for inventory items: check indicates yes, blank indicates no   

   

Is there a topic related to climate change that is not above that you teach in your course?   

  

  

Are any of the previous concept items assessed? Yes/No   
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Which of the following assessment tools are used in your instruction of climate change 

(checkbox):   

a. Individual exercises   

b. Group exercises   

c. Oral presentations  

d. Tests or quizzes 

e. Homework  

f. Oral examinations   

g. Other (please specify) [open space to specify]  

  

Which of the following describes your coverage of climate change in your course?  

o Climate change is not included in my course.  

o Climate change is only included tangentially or in passing in my course.  

o Climate change is connected to chemistry multiple times in my course.  

  

  

[One of the next three questions is given based on response to previous question.]  

  

Climate change is not included in my course because:  

• It’s not related to my subject material.  

• It’s not related to my students’ majors or interests.  

• The course content is standardized, and I cannot change it.  

• I want to teach about other topics and context, and I don’t have space in the 

curriculum  

• I am not knowledgeable enough about how chemistry is connected to climate 

change to teach about it.  

• I lack resources on how to connect chemistry to climate change.  

• I want to avoid creating conflict.  

• The content is depressing to teach.  

• Other  

Free Response: Please list any additional reasons why you do not include climate change in your 

chemistry course.  

  

Climate change is included tangentially or in passing in my course because:  

• There is interest from students.  

• The topic is important.  

• The course content is standardized, and I can only make so many changes or 

additions.  

• There is not enough time to get through material.  

• I think it is important, but I also want to teach about other topics and context.   

• I do not have enough knowledge about how chemistry is connected to climate 

change to fully connect with class material.  

• I lack resources on how to connect chemistry to climate change.  

• The content is depressing to teach.  

• I want to avoid creating conflict.  

• Other  
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Free Response: Please list any additional reasons why you include climate change tangentially or 

in passing in your chemistry course.  

  

Climate change is connected multiple times in my course because:  

• There is interest from students.  

• The topic is important.  

• It allows me to connect class content with relevant examples.  

• It is important to teach in-depth rather than cover a lot of content.  

• Climate change is the main challenge students will face and they need resources 

to understand it.  

• Other  

Free Response: Please list any additional reasons why you connect climate change to chemistry 

multiple times in your chemistry course.  

  

[Contextual Factors]  

Select how influential the below resources are for your decision to incorporate or not incorporate 

climate change topics in your course.   

[Options for each]  

• Extremely influential to me incorporating climate change   

• Very influential to me incorporating climate change   

• Not influential    

• Very influential to me not incorporating climate change    

• Extremely influential to me not incorporating climate 

change   

  

o Textbooks or open educational resources   

o Professional development and/or conferences   

o Research and education journals involving climate change topics  

o Professional organization guidelines (e.g. ACS)   

o Departmental chair   

o Faculty within your department   

o Faculty outside your department at your institution    

o Faculty at other institutions   

o Your Ph.D. and/or postdoc advisor   

o Teaching and learning center   

o A K-12 teacher   

o Student request or feedback   

o Promotion and tenure guidelines   

o Class size   

o Time constraints due to research commitments   

o Time constraints due to service commitments   

o Online resources (please specify): ____________   

o Other (please specify): ____________   

  

 

[Personal Factors]   
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Please select your age range   

•       18-24   

• 25-34   

• 45-54   

• 55-64   

• 65+   

What is your gender: ______________   

What is your race/ethnicity? _________________   

What is your teaching experience? (Check all that apply)    

I have K-12 teaching experience.    

I was a laboratory TA in graduate school.    

I was a recitation TA in graduate school.    

While in graduate school, I taught lectures when the lecturer/professor was absent.    

I have taught at a community college.    

I have taught at a 4-year college or university.    

I have taught at a PhD-level, research intensive institution.    

Other (please specify) ____________________   

   

Please select the year that you received your first faculty appointment. Drop down menu starting 

at Prior to 1970 (in 5 year increments)  

What is your academic role? (i.e. Professor, Lecturer, Associate Professor of Practice)  

What is your tenure status at your institution?   

   

Approximately what is the distribution of your appointment? (Total should add to 100%) If a 

field is Not Applicable, please enter 0. Teaching (%) ____ Research (%) ____ Service (%) 

____    

   

How many courses are you expected to teach per semester?    

   

• 1   

• 2   

• 3   

• 4 or more   
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