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Climate change and energy technologies in undergraduate introductory science textbooks
Abstract
Global climate change and the implementation of energy technologies are among the
most pressing issues facing society and the environment today. Related educational content
spans the science disciplines. Through an analysis of introductory-level university textbooks
from four major U.S. publishers in Biology, Chemistry, and Physics, this study presents trends in
terminology and content. As the defining terms, “global warming” and “climate change” are
used nearly equally. However, the first location of a working definition for climate change
appears earlier. Energy technologies, climate change, and related environmental issues are
found, on average, on ≤ 4% of textbook pages, and variation is large among individual
textbooks. Discipline-based trends exist, especially for the energy technologies presented.
Addressed separately as a non-renewable, non-fossil fuel, nuclear energy is found on ≤1% of
textbook pages and unfavorably represented. The discussion within these science disciplines has
implications on introductory-level education, public perception of science, and informed
citizenship.
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Introduction

Global climate change and the implementation of energy technologies are strongly
polarizing issues in science and society today (National Research Council of the National
Academies, 2011). Controversy persists despite what is considered a scientific consensus
(Leiserowitz, Maibach, Roser-Renouf, Feinberg, Rosenthal, Marlon, 2014; Maibach, Myers,
Leiserowitz, 2014; Oreskes, 2004). Even in the wake of the global climate agreement from
COP21, the meeting of the United Nations Conference on Climate Change, issues and
organizations related to science and the environment are under extreme public and political
scrutiny. Although climate change exists as a reality for scientific research across the disciplines
(Leiserowitz, Maibach, Roser-Renouf, Feinberg, Rosenthal, & Marlon, 2014; Maibach, Myers,
& Leiserowitz, 2014; Oreskes, 2004), the American public continues to demonstrate skepticism
or prioritize other issues (Motel, 2014; Weber and Stern, 2011; Yale Project on Climate Change
Communication, 2014).
Whether the overarching term is “global warming” or “climate change,” this
anthropogenic environmental issue is prevalent in non-scientific discourse and politicized debate.
Typically, the term, “‘climate change’ is the name given to a set of physical phenomena and of a
public policy issue” (Weber and Stern, 2011). However, “global warming” is often used as a
synonym, even though “climate change involves much more than warming” (Weber and Stern,
2011). The terms themselves elicit differences in public perception and concern (Schuldt,
Konrath, & Schwarz, 2011; Schuldt and Roh, 2014; Whitmarsh, 2009). Both terms can evoke
negative perceptions (Lorenzoni, Leiserowitz, de Franca Doria, Poortinga, & Pidgeon, 2006) that
are compounded by factors such as concern, trust, political viewpoints, worldviews, and related
ideologies (Weber, 2010). Here, we seek to understand the use of the terms in introductory
undergraduate educational materials.

This study assesses how climate change, global warming, fossil fuel energy, nuclear
energy, and renewable energy sources are presented in introductory-level higher education
science textbooks. We analyzed over 15,000 pages of introductory-level undergraduate Biology,
Chemistry, and Physics textbooks to assess terminology and content related to these pressing
environmental topics. As textbooks have a long and significant history in science education
(Bensaude-Vincent, 2006; Shapiro, 2012; Stinner, 1992), they represent a distinct genre of
dissemination (Bensaude-Vincent, 2006). This genre is subjected to many influences, notably
the “technical, financial, and political constraints of the publishing market” (Bensaude-Vincent,
2006). Considering the rich history of science textbooks, the presentation of content has
developed over time. For example, newer textbooks use space differently and may depend on
the student to construct meaning from the content, creating potential implications on
interpretation and understanding (McCarthy, 2005; Walpole, 1998). Science textbooks at the
introductory university level are positioned at a complex intersection of educational importance,
publisher interests, potential political influence, and general dissemination of science to the
public.
Through the lens of a cross-cutting education, this work investigates the presentation of
climate change and energy technologies across traditionally compartmentalized disciplines
central to introductory-level science education. Especially in the sciences (Shapiro, 2012),
textbooks represent an authority source in individuals’ education. Understanding of concepts
can be affected by different representations of content in a textbook (for example, textbook
figures and the greenhouse effect, as observed by Shepardson, Niyogi, Choi & Charusombat
(2009)). Because introductory courses serve students beginning science-based careers and also
fulfill a science requirement for students in other majors, they represent the intersection of

teaching to non-scientists (popularization of science) and training for future scientists (Shapiro,
2012).
The content presented at the introductory level may be completely new to the students, or
they may have had some previous exposure. Based on a constructivist framework, the students
are building comprehension based on integrating new knowledge into a pre-existing framework.
This is particularly important for topics that are commonly discussed in forums outside of the
classroom, where pre-existing knowledge or exposure to the topic is likely. Comprehension
from a text is “not just finding, answering, or recognizing,” but rather “building understanding,
both of a particular text and of the more global concepts around which it is built” (Walpole,
1998). Textbooks, which we analyze in this study, form one key point of reference for the
continuous scaffolding of knowledge in a constructivist framework.
In higher education, sources of sustainable energy form one of the four main challenges
presented in A New Biology for the 21st Century (National Academy of Sciences, 2009), which
seeks to redefine life-science education. However, no single discipline can tackle this alone
(Feser, Vasaly, & Herrera, 2013). According to the U.S. Department of State (U.S. Department
of State, 2010), the far-reaching global impacts require changes in “individual attitudes, societal
norms, and government policy.” However, media coverage and divisive political rhetoric
(Boykoff, 2007; Feldman, 2011; Hmielowski, Feldman, Myers, Leiserowitz, & Maibach, 2014;
Schmid-Petri, Adam, Schmucki, & Häussler, 2015) may be impeding the educational process
(National Research Council of the National Academies, 2011).
We obtained the seven Biology, five Chemistry, and four Physics textbooks with
publication dates between 2013 and 2015 for this study through research agreements with four
major publishing companies. At the time of analysis, all were current editions. The research

topics included global warming/climate change, renewable and sustainable energy technologies,
fossil fuel energy, and related environmental issues. Additionally, this study addressed nuclear
energy separately, as it is an outlier as a non-renewable, non-fossil fuel and presents its own set
of historical controversies. Here and in the Supporting Information, aggregate results are
presented alongside examples named by discipline (often in parentheses); this approach
eliminates any positive or negative endorsements of specific books or publishers.
Methods
Corpus
The publishers provided specific books, choices of books, or complete access to their
collections at their discretion. This selection of materials was determined entirely by the
publishing company; those used in this research represent a subset of the total. As this study
does not seek to promote or discourage the use of any particular textbook or publishing
company, the results are presented in aggregate form and through the use of anonymous quotes
referring to the discipline only. As part of the research agreement, this anonymous presentation
was discussed with each of the publishing companies during the request for materials and was a
condition of the access to the materials at no cost.
For this study, 16 current-edition textbooks (current at the time of selection) with
publication dates between 2013 and 2015 were used. The editions used include 2nd, 3rd, 4th,
5th, 6th, 7th, 8th, 10th, and 12th. For the study as a whole, the average edition number was
greater than 6, and textbooks with higher edition numbers were chosen preferentially from those
which the publishers granted access. Textbooks with many editions typically have a larger
distribution in use and show subsequent updates in versions. We included books from each
publisher.

The quantity of textbooks for each discipline used in this research study reflects the
diversity in the selection available from these partnerships. For example, the Biology books
showed the greatest number of possible books and largest diversity in terms of scope and focus.
The majority of textbooks (n = 15 of 16) were attributed to first authors with university-level
instructional experience, often for multiple decades. One textbook is attributed to a non-scientist
professional writer.
We chose this set of introductory-level educational materials because these courses may
be the foundation in a science pathway for students or the only science course taken, for example
as part of a general education requirement. We note that climate change, global warming, fossil
fuels, renewable energy, and nuclear energy are not often a focus of the textbooks or course for
these disciplines. Furthermore, these topics may not even be the focus of a single unit in one of
these courses and are unlikely to be a primary factor in the selection of the course textbook.
However, these cross-cutting topics of socio-scientific debate represent important societal and
environmental contexts for developing informed and productive citizens.

Analysis
We followed a generally used content-analysis method (Berelson, 1952): “a research
technique for the objective, systematic, and quantitative description of the manifest content of
communication.” We used rigorous qualitative content analysis in which content was classified
into categories based on similar meanings, as defined by Moretti et al (2011). We present
quantitative results based on well-established text-analysis methods (Duke University Libraries,
2017). As the textbooks used in this study were either print or e-books, depending on the
publisher’s preferences, we evaluated them page-by-page without the assistance of computerized

text-analysis methods. Hence, the grain size for the research goes from the phrase/sentence level
to the page level. Quantitative results are reported as page counts, and often the information is
supplemented with individual phrase or passage quotes for support.
We augmented the quantitative results with qualitative content analysis, which provided
additional meaning, description, and interpretation (Schreier, 2012) through rigorous analysis of
the coded material. All aspects of the content analysis included manifest and latent content, the
surface-level and underlying meanings, respectively (Cho and Lee, 2014). We followed Potter
and Levine-Donnerstein’s (1999) definition of latent content using the coders’ interpretations of
the content in a projective manner as seen through the lens of established research literature and
expert-level content knowledge. As the textbooks served as the data in this research, the obvious
richness of the material facilitated systemic and qualitative content analysis (Schreier, 2012).
A rubric was developed by the first author for comparison between individuals evaluating
the texts. The rubric was used as a holistic comparison for discussion of the textbooks between
the two reviewers, with contributions mainly towards the framing of the study and alignment
between reviewers. The results of this reviewer-alignment study using the rubrics were
preliminary and formative; so, these data are not included here. The rubric contained overall
category ratings on a 1-5 Likert scale (e.g., emphasis and perspective of energy crisis, human
involvement, technologies). More specific Likert scale categories were based on learning goals
and included follow-up questions. For example, these included defining global climate change,
delineating human impacts on climate change (anthropogenic sources), explaining alternative
energy technologies, and addressing political policies related to the energy situation/alternative
energy technologies. Beyond the use of the rubric, the reviewers noted each individual page and
the relevant discussion included therein. The individual page information was used for

quantitative and qualitative analysis. The first author evaluated all 16 textbooks, and a research
volunteer assessed 6 textbooks. Any pages lacking agreement were re-assessed. The 10
textbooks not reviewed by the second reviewer were re-assessed by the primary reviewer after a
waiting time of several months.
In the analysis of the passages determined relevant to the research topics by the coders
based on manifest and latent content (Cho and Lee, 2014), main concepts and themes were
determined by basic thematic framing. All coding and thematic analyses was performed by
hand, without the use of software assessment tools. Example additional information can be
found accompanying Figures S3, S4, and S5, and the nuclear topics in the Supporting
Information. The emergent topics, based on the deductive content analysis (Moretti et al., 2011),
were used then to compare distribution in content between the textbooks. The terminology for
the overarching environmental issue (“global warming,” “climate change,” or neither) was
assessed for each textbook. Beyond the terminology, the location of the first working definition
provided by the textbook was assessed. These definitions often took the form of a “climate
change is…” or a description of characteristics. Example quotes are presented in the Supporting
Information.
The research topics included current energy technologies (especially fossil fuels) and
their impacts, climate change/global warming (including impacts and projections), and
renewable energy technologies (especially development, implementation, and
advantages/disadvantages). This study also includes environmental topics commonly associated
with fossil fuels and human impacts on the atmosphere, such as acid rain and ozone-layer
depletion. These are included here as they relate to fossil fuels, energy production/consumption,
or the common erroneous association of ozone depletion, acid rain, and pollution contributing to

global warming/climate change (Bunten and Dawson, 2014; Papadimitriou, 2004; Shepardson,
Niyogi, D., Choi, & Charusombat, 2011). In the public eye, these topics may be associated and
also may be found to be occasionally associated in educational materials. For example, one
Chemistry book links the topics with, “[The ozone layer] losses are now known to be global in
extent, and it has been postulated that they may be contributing to global warming in the
Southern Hemisphere.”
This study excluded end-of-chapter materials (reviews and assessments), figures (with
the exception of the Keeling Curve/“Mauna Loa CO2 chart”), and figure captions (again,
excluding the Keeling Curve). Additionally, nuclear energy was included in this study, but
addressed separately, as it is an outlier in the discussion as a non-renewable, non-fossil fuel.
This discussion of nuclear energy is included primarily in the Supporting Information. The page
counts, for example Figure 2, are separate from the other research topics. However, this does not
necessarily mean that Figures 2A and 2B would be additive, but rather that the pages may have
some overlap in appearance for these research topics.

Results and analysis
“Global warming” or “climate change” terminology
As terminology plays a key role in the public reception of, and response to, the effects of
increased carbon emissions (Schuldt, Konrath, & Schwarz, 2011; Schuldt and Roh, 2014;
Whitmarsh, 2009), this study assessed 16 textbooks for the use of “global warming” or “climate
change” in the text. Shown in Figure 1A, the results slightly favor the use of global warming as
the dominant term in these textbooks. The definitions presented of global warming and climate
change vary and often include references to greenhouse gases. The terms are often linked, and,

when both are present, global warming is used to define the overarching term, climate change.
For example, “the phenomenon is called global warming or its result – climate change”
(Physics). The two terms also are shown as synonyms, for example in a Biology textbook as,
“global warming (also called global climate change)” (Biology). Two Physics books did not
provide a specific name for the global environmental issue. However, these books discuss
energy technologies and include statements such as “geologists are concerned with…the gradual
warming of ice expanses in the Arctic and Antarctic” and “the evidence is increasingly clear that
humans are altering the Earth’s climate and causing other global changes.” Additional
information and example quotes can be found in the Supporting Information. Although no
specific term was used, subtle implications are made towards the global issue. This split in
terminology within and between the Biology, Chemistry, and Physics disciplines suggests a
discrepancy in undergraduate science educational materials.
[Figure 1 near here]
As terminology is fundamental to the teaching and learning of these cross-cutting
concepts, the word choices and arrangements are of interest. Discrepancies exist when one text
presents global warming as an “aspect” of climate change, while another states that global
warming and climate change are synonymous (both in Biology). Another aspect of word choice
involves subjective modifiers. Examples are “so-called greenhouse gases” (Biology), “a major
contributor to it [climate change] is increased fossil fuels by a growing human population”
(Biology), and “rising concentrations of carbon dioxide and methane are therefore of some
concern” (Chemistry). Word choices such as “so-called greenhouse gases” or “some concern”
may, to a reader, downplay the significance of the subject matter.

Several textbooks provide additional information about or a working definition for the
greenhouse effect, and they also place different emphases on the meanings of and anthropogenic
influences on the greenhouse effect. One book includes descriptions of how humans have
“amplified the natural greenhouse effect” (Biology), while another describes that “accumulating
carbon in the atmosphere leads to the greenhouse effect” (Biology). Furthermore, this “problem
with accumulating carbon in the atmosphere centers on the greenhouse effect” (same Biology
textbook as previous sentence quote). While we do not seek to pass judgment on any particular
phrasing, we hypothesize that beginning students and the lay audience may find different
meaning from the way these phrases are used. We include more definitions and phrases related
to global warming, climate change, and the greenhouse effect in the Supporting Information.
We also highlight example quotes for the anthropogenic role in global warming or
climate change. The full list is included in the Supporting Information. At one end of the
spectrum is, “after many years of discussion and research, scientists are almost unanimous in
their assessment. The climate is warming, and almost certainly the increase in human activity
has hastened this warming, if not caused it outright” (Biology). At the other end is, “the
combustion of fossil fuels is contributing to global warming” (Physics). The word choices also
show a range for the agreement among scientists. Strong consensus is illustrated by, “the
consensus of scientists” (Biology), “scientists are almost unanimous” (Biology), and “most
scientists agree” (Chemistry). A more nuanced example is, “although the general public seems
to believe that there is debate among scientists and government-appointed panels about global
warming, this is not really the case” (Biology).
Different presentations of the same concept between disciplines may hamper students
from making connections between scientific fields (Feser et al., 2013), which leads to an

additional complication of a divide in terminology within each discipline. Conceptual
understanding of this discrepancy in terminology for introductory-level educational material is
unknown.
Beyond the defining term, we assessed the location of the first working definition for
either “global warming” or “climate change” provided by the textbook. In Figure 1B, we find
that those books using climate change cluster primarily in the first third of the total pages, while
those using global warming are more evenly distributed throughout. Notably, this does not
indicate the first use of either of these terms, but rather the first presentation of a statement that
defines or characterizes the term. Especially for those textbooks with a first working definition
in the second half, any earlier use of the term may rely on prior knowledge of the student for
interpretation of the meaning of the term.
Distribution of content
The study quantified the distribution of climate change and environmentally related
topics based on the page counts (as percentages of total textbook pages) and location of
appearance in the textbook. This provides a rough, baseline assessment of presentation and
opens the topic to future discussion. For clarity, we use “climate change” from here, regardless
of the term used in each textbook. Figure 2A shows the average page count indicating ≤ 4% of
pages on average; differences among the Biology, Chemistry, and Physics disciplines were not
significant. Nuclear energy, addressed separately, is shown in Figure 2B as ≤ 1%. Both
evaluations show large variation between individual books, resulting in very large standard
deviations. Similar information on the average chapter length, including large standard
deviations, can be found in Figure S1. Of note, however, is that the single page counts provide

only a rough estimation of the emphasis placed on these topics, as a page may include a
sentence, paragraph, or more.
[Figure 2 near here]
Figure S2 tabulates the number of pages with discussion of the effects of climate change,
and example quotes can be found in the Supporting Information. Biology textbooks have on
average the largest number of pages, but still less than 2%. Additionally, Chemistry textbooks
show the largest variation, while Physics books have an average of less than 0.5% of total pages.
Additionally, we include a list of the biotic and abiotic effects of climate change and related
environmental issues found in this body of educational literature in the Supporting Information.
The location where a topic appears in the textbook influences the possibility of
information appearing in the content of a particular course (Tsaparlis, Hartzavalos, & Nakiboğlu,
2013). Figures 2C and 2D indicates a general trend for the textbooks when divided into thirds.
A few pages are found throughout the three sections, but the greatest content is in the final third
of the book for Biology and Chemistry. A general trend in education is that “applications”
usually are addressed towards the end of a course of study, with the idea that these applications
build on a firm foundation of content knowledge. We hypothesize that this general trend
contributed to the increased discussion in the final third of the textbooks studied. As these
textbooks are introductory-level materials, they tend to utilize broad strokes to introduce the
student reader to many aspects of the discipline and, thus, have large numbers of pages and many
chapters (see Figure S1). With most relevant content discussion in the final third of the book, we
suspect that the topics discussed there are less frequently encountered in course material or
assigned reading.
Fossil fuels and renewable energy

A subset of information included in Figure 2A is on fossil fuels and
renewable/sustainable energy technologies. Figure 3A shows a direct comparison of the pages
including discussions of these energy sources. Nuclear topics are addressed separately in the
Supporting Information. Being a subset of text included in Figure 2A, the results in Figure 3A
indicate ≤ 1% of pages allotted to either fossil fuels or renewable energy technologies across the
disciplines. The results show no significant differences among the disciplines or between the
topics, again due to the large variation between individual books.
Further defining the renewable energy technologies shown in Figure 3A, the textbooks
including discussion of solar, hydroelectric, biofuels/hybrids/fuel cells, wind, and geothermal
energies are shown in Figure 3B. The quantity of textbooks including each of these technologies
is normalized to the total number studied from each discipline. These categories were created
based on the most common and popularly discussed technologies. Among the three disciplines,
the least emphasis was placed on renewable energy technologies in the Biology textbooks
examined. As with the effects of climate change (Figure S2), this may align with typical
disciplinary boundaries. Characteristically, alternative fuels and other technologies related to the
transportation sector are emphasized heavily in Chemistry and Physics.
[Figure 3 near here]
In general, Biology textbooks have a tendency to focus on biomass and related biological
resources as technologies. Examples include algae and reducing deforestation practices.
Chemistry textbooks favor several technologies, including alternative fuels. Examples include
transportation fuels, hybrid vehicles, and hydrogen fuel cells. All Chemistry books studied
discussed alternative fuels and hydroelectric power. Similarly, all Physics books discussed
transportation methods. Additionally, all Physics books included some discussion of solar

energy. Additional information for the technologies presented by each discipline can be found in
Figures S3, S4, and S5.
Nuclear energy
International public support for nuclear energy has been decreasing in recent years,
particularly since the Fukushima disaster (Kim, Y., M. Kim, & W. Kim, 2013). At the time of
the disaster, those in the nuclear industry were expecting a rebirth in the technology (Miller, Iles,
& Jones, 2013). Re-starting nuclear reactors in Japan and nuclear power increases in India have
spurred widespread public protest (Miller et al., 2013). The declining interest may be reflected
in the ideas expressed by the textbook authors, such as those found in Table 1. This study found
that minimal discussion was allotted to nuclear technologies: content on ≤ ~1% of textbook
pages on average across the disciplines (Figures 2B and 2D).
Table 1 shows the textbooks’ main themes related to nuclear technologies: (1) nuclear
disasters, (2) waste disposal and long half-lives of nuclear by-products, (3) applications and
effects on living organisms, especially humans, (4) the controversial nature and debate
surrounding nuclear energy, especially from a societal perspective, (5) comparisons between
nuclear energy and fossil fuels (often energy per mass), and (6) fusion research and as a future
possibility for energy. The most common apparent argument against the use of nuclear energy is
a major disaster. Table 2 shows that, while a total of 10 textbooks present this, 8 name historical
incidents specifically.
[Table 1 near here]
[Table 2 near here]
For the traditional undergraduate student body at this time (ages 18-22), the Three Mile Island
and Chernobyl incidents would have occurred before they were born. We speculate that the de-

emphasis of the nuclear incident at Three Mile Island may be based on its occurrence more than
30 years ago and its comparatively low severity as a disaster.
Certain textbooks include also a discussion of the controversial nature of nuclear power
and a representation of the complex interactions with society. The outlooks on the technology
varied also, for example “it seems likely that the controversy will continue for some time”
(Chemistry) versus “when safety concerns and problems of storing radioactive wastes are solved,
watch for renewed interest” (Physics). While comparing the hazards of nuclear power and fossil
fuels, one Biology textbook used this complexity instead to introduce “a third option - renewable
energy, including wind and solar power.” In the supporting information, we include additional
information, beyond nuclear energy, for the discussion of energy technologies and climate
change topics related to society and government. Based on the phrases used for nuclear energy
discussion, we provide an approximation of the presentation of nuclear energy by each textbook,
with the majority of those discussing nuclear energy in a negative light (Figure S6). Additional
information on the nuclear topics and discussion, including example quotes, can be found in the
Supporting Information.
Atmospheric CO2 from Mauna Loa
The presentation of the Keeling Curve (also commonly known as the “Mauna Loa CO2
chart” or “hockey stick curve”) is a popular figure for demonstrating the observed atmospheric
CO2 over time. This iconic chart of atmospheric CO2 data (or a related figure including
extrapolated data from ice cores or model projections) is often the foundation of lessons
discussing anthropogenic climate change. This figure is known to incite alarm in scientists, but,
to lay audiences, it indicates that climate change is not an urgent issue and may be occurring over
a long time (Center for Research on Environmental Decisions, 2009). The effects on and

responses of undergraduate students, especially in introductory-level classes with a mixture of
declared science and non-science majors, are unknown.
Of the textbooks investigated, 6 of 7 Biology, 4 of 5 Chemistry, and 1 of 4 Physics books
presented the Keeling Curve or similar. The one Biology textbook that does not use the curve
instead describes the increase in atmospheric CO2 levels in the text. While most of the
textbooks include a figure describing atmospheric carbon dioxide over time, we found the
variation in presentation and description to be striking. We suspect the variation to be based on
each author’s or publisher’s motivations and preferences for actual data, ice core data, and
projections. Of the 11 textbooks with an atmospheric carbon dioxide figure, four of those (three
Biology, one Chemistry) were limited to recorded data from Mauna Loa (or shown as the time
period from the 1960s to near present). The remaining figures included ice core data and/or
model projections.
The textbooks indicate no generalizable trend towards the location of the figure, with
three in the first third (one Biology, two Chemistry), three in the middle third (two Biology, one
Physics), and five in the final third of the book (three Biology, two Chemistry). The textbook
figures and figure captions also show variation in the use of “carbon dioxide” or “CO2.” One
Biology and three Chemistry textbooks use “carbon dioxide” exclusively. Five Biology use
“CO2” exclusively. The remaining Chemistry and Physics textbooks use both and/or show
“CO2” as the shorthand notation for “carbon dioxide.”
Conclusions
Considering the current dialogue outside scientific disciplines, students are almost
guaranteed to encounter discussion and debate on climate and energy in everyday life, especially
through mainstream and social media. This study provides a general quantification of the

information presented in a representative set of widely used, introductory-level Biology,
Chemistry, and Physics university textbooks from four major U.S. publishers. While the
traditional disciplinary lines influence specific discussions, the overall trends reveal a relatively
small percentage of pages allotted to the topics related to energy technologies, climate change,
and related environmental issues across the disciplines. The differences are not found to be just
among disciplines, but also found among individual textbooks within a discipline. This study
opens the discussion of the importance of word and phrase meaning and representation for
energy technologies and climate change in educational materials for an introductory audience.
With respect to the cross-cutting issues of climate change and energy facing society
today, this study finds a discrepancy in the terminology used for “global warming” versus
“climate change,” within and among the disciplines. The relatively few pages devoted to these
topics calls into question how well educational materials for introductory-level science courses
provide exposure to this pressing societal issue. Furthermore, the presentation of the material in
the final third of the book may decrease the possibility of students actually encountering this
content during normal course-related assignments. For science majors, introductory courses
often are taken concurrently, and the lack of agreement in terminology and emphasis may prove
confusing. For non-major students, the textbook may accompany the only course fulfilling a
basic science requirement.
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Figure 1. The terminology, either “global warming” or “climate change,” used for defining the
overarching issue. (A) The usage is assessed from the in-text discussion, with “neither” referring
to the books that described the global situation without providing a specific name. The figure
indicates a split in terminology within and between the three disciplines. (N = 16) (B) The first
location of a working definition for either global warming or climate change in the textbook,
shown as the percentage of pages through the textbook. Overall, “climate change” clusters
earlier in the textbook than the more evenly distributed “global warming.” Three textbooks are
omitted from (B), including the two Physics textbooks classified as “neither” in (A) and one
additional Chemistry book that uses “climate change,” but does not provide a working definition.
(N = 13).

Figure 2. Climate change and renewable energy technologies across the disciplines. (N = 16
textbooks) (A) The average percentage of pages and one standard deviation indicate nonsignificant differences in presentation of climate change, fossil fuels, and renewable energy
technologies between the disciplines. (B) The average percent of pages and one standard
deviation indicate non-significant differences between the disciplines for the presentation of
nuclear energy technologies and related discussion. (C) Page counts for location of climate
change, fossil fuels, and renewable energy technologies in the textbook. The content is
distributed consistently on average through sections of the textbook, with a slight increase on
average for Chemistry books in the final third. Both of these figures show large error bars
representing large variations in presentation between individual books. (D) Page counts for the
location of nuclear energy discussion in the textbook. The content shows a minimal presentation
overall, but a slight increase for Chemistry and Physics in the final third of the textbook.

Figure 3. A comparison of fossil fuel and renewable energy technology presentation within the
textbooks studied (N=16). (a) Percentage of pages and one standard deviation for each of the
three disciplines, Biology, Chemistry, and Physics. (b) Individual technologies included by
discipline based on the presented categories. This figure does not include a section for “other”
technologies.

Table 1. Distribution of the content and main themes related to nuclear energy technologies.
Those with content are indicated by gray shaded boxes.

Table 2. Distribution of each of the three major nuclear incidents in which nuclear plants are
discussed. The categories include the nuclear disasters at (1) Fukushima Daiichi, Japan, March
11, 2011, (2) Chernobyl, Ukraine, April 26, 1986, and (3) Three Mile Island, Pennsylvania,
United States, March 28, 1979. Content presented is indicated by gray shading.
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Supplementary Text
Supplemental Terminology, Definitions, and Examples
Examples of terminology use and definitions including both “global warming” and “climate
change”:

•

Biology: “Increasing concentrations of greenhouse gases have been linked to
global climate change, of which one major aspect is global warming.” (emphasis
removed)

•

Biology: “Climate change is primarily due to an imbalance in the chemical
cycling of the element carbon. The increased amount of carbon dioxide (and
other gases) in the atmosphere is causing a rise in temperature called global
warming.” (emphasis removed)

•

Biology*: “The term climate change refers to change in the normal cycles of the
Earth’s climate that may be attributed to human activity. Climate change is
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primarily due to an imbalance in the chemical cycling of the element carbon. …
due to human activities, more carbon dioxide is being released into the
atmosphere than is being removed.” “The increased amount of carbon dioxide
(and other gases) in the atmosphere is causing a rise in temperature called global
warming.” (emphasis removed) (*Note: Climate change and global warming
definitions appear, but one does not necessarily define the other.)
•

Biology: “Ecologists are concerned that human activities are increasing the
greenhouse effect and causing global warming (also called global climate
change), a gradual elevation of the Earth’s temperature.”

•

Physics: “the phenomenon is called global warming or its result – climate
change”

Other examples and definitions for global warming or climate change:
•

Biology: “Remember that global warming’s root cause is a buildup of so-called
greenhouse gases in the atmosphere, with the most important of these gases being
carbon dioxide (CO2).”

•

Biology: “Global climate change is big news, and a major contributor to it is
increased burning of fossil fuels by a growing human population.”

Example quotes related to the greenhouse effect:
•

Biology: “The greenhouse effect is not in itself a dangerous phenomenon.”

•

Biology: “…this insulating blanket of greenhouse gases is starting to warm Earth
too much.” (emphasis removed)
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•

Biology: “A large and growing body of evidence indicates that human release of
CO2 and other greenhouse gases has amplified the natural greenhouse effect and
thereby altered the global climate.”

•

Biology: “Accumulating carbon in the atmosphere leads to the greenhouse effect.
The problem with accumulating carbon in the atmosphere centers on the
greenhouse effect.”

•

Chemistry: [Following a description of concentrations of carbon dioxide and
methane concentrations increasing over a time period] “The rising concentrations
of carbon dioxide and methane are therefore of some concern.” “Where is the
additional CO2 coming from? Human activities are largely responsible.”

•

Physics: “Although H2O is the major greenhouse gas in the atmosphere, the
second most abundant greenhouse gas, CO2, is notorious because its contribution
from humans has been steadily increasing. Unhappily, further warming by CO2
can trigger more H2O as well. So our present environmental concern is the
combination of growing amounts of both these molecules in the atmosphere,
which would further increase the temperature and produce a new thermal balance
that is unfavorable to the biosphere.”

Example quotes relating to the anthropogenic role in climate change/global warming:
•

Biology: “Although the general public seems to believe that there is debate
among scientists and government-appointed panels about global warming, this is
not really the case. Scientists who publish in peer-reviewed journals and
respected scientific panels and societies, such as the Intergovernmental Panel on
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Climate Control (IPCC), National Academy of Sciences, and the American
Association for the Advancement of Science (AAAS) all agree that the climate is
warming and that most of the warming observed in the last century is attributable
to human activities.”
•

Biology: “Human actions that result in habitat destruction and climate change are
modifying the global environment to such an extent that many species are
currently threatened with extinction.” “The consensus of scientists is that rising
concentrations of greenhouse gases – and thus, global warming – are the result of
human activities.”

•

Biology: “Global climate change is big news, and a major contributor to it is
increased burning of fossil fuels by a growing human population. This
combustion releases CO2 into the atmosphere; the added carbon dioxide traps heat
in the atmosphere that would otherwise radiate into space. Since we began using
fossil fuels during the industrial revolution in the mid-1800s, humans have
increased the CO2 content of the atmosphere by about 38%.” “Greenhouse gases
are in fact increasing, largely because people burn fossil fuels, releasing
CO2. Other important greenhouse gases include methane (CH4), released by
agricultural activities, landfills, and coal mining, and nitrous oxide (N2O),
released by agricultural activities and burning fossil fuels. CO2, however,
contributes by far the largest share of the greenhouse effect caused by human
activities, so we will focus our discussion on this molecule.” “A large and
growing body of evidence indicates that human release of CO2 and other
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greenhouse gases has amplified the natural greenhouse effect and thereby altered
the global climate.”
•

Biology: “The CO2 that is produced by human activities is now regarded as the
most significant cause of global warming - the rise in Earth’s surface temperature
that has occurred over the past century.”

•

Biology: “This increase [in atmospheric CO2] is largely due to the burning of
fossil fuels and the destruction of forests to make way for farmland and pasture.”
“Many ecologists now support the concept that we are currently involved in the
Earth’s sixth mass extinction event. However, unlike the first five major events,
this one is caused not by geological or astronomical events, but by human
activities. Pollution, land use, invasive species, and global climate change
associated with the burning of fossil fuels are all recognized as contributing
factors.”

•

Biology: “In consequence, atmospheric CH4 has the potential to alter the Earth’s
climate, and in recent years the level of CH4 has been increasing in Earth’s
atmosphere as the result of human activities.” “Ecologists are concerned that
human activities are increasing the greenhouse effect and causing global warming
(also called global climate change), a gradual elevation of the Earth’s surface
temperature.” “In addition, human activities, primarily deforestation and the
burning of fossil fuels, are increasingly causing large amounts of CO2 to enter the
atmosphere together with large volumes of particulate matter.” [Carbon cycle and
humans] “Direct measurements over the past five decades show a steady rise in
atmospheric CO2 (Figure [number omitted]), a pattern that shows no sign of
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slowing.” “…climate change is increasingly being viewed as a significant
human-induced threat to species.”
•

Biology: “Scientific studies are part of the daily news. As technology advances,
humans confront scientific hypotheses and experimental results almost every day.
We see advertisements for new drugs. We hear that fossil fuels are warming the
globe.” “As humans continually remove and oxidize carbon from the fossil fuel
reservoir, the amount of carbon in each pool is shifting. In the past 20 years, there
has been a substantial increase in the level of carbon dioxide in the atmosphere,
equivalent to approximately 42 billion metric tons of carbon. Not only are we
adding carbon to the atmosphere, we are also reducing the carbon store in plants
as we burn rain forests.” “After many years of discussion and research, scientists
are almost unanimous in their assessment. The climate is warming, and almost
certainly the increase in human activity has hastened this warming, if not caused it
outright.”

•

Chemistry: “Most scientists agree that the primary source of the increase in
carbon dioxide is the burning of fossil fuels such as gasoline, coal, and natural
gas. The cutting and burning of trees (deforestation) also reduced the amount of
carbon dioxide removed from the atmosphere.”

•

Chemistry: “Warnings of the possibility that anthropogenic (human-generated)
chemicals can threaten the ozone in the stratosphere began to appear in 1970 or
1971, when Paul Crutzen determined experimentally that NO and NO2 molecules
catalyze the destruction of ozone. … These losses are now known to be global in
extent, and it has been postulated that they may be contributing to global warming
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in the Southern Hemisphere.” “It is normally present in the atmosphere, but there
is widespread and well-founded concern that an increase in atmospheric carbon
dioxide due to the combustion of fossil fuels is contributing to global warming”
(Note: emphasis removed)
•

Physics: [unknown results of climate change] “It may take vigilance, not just
luck, for Earth to remain pleasant and habitable for centuries to come.”

Examples of the effects of climate change and related environmental issues:
•

Biotic: reduction in rate of photosynthesis; extinction of plants and animals; coral
reef bleaching; effects of air pollution on life/respiratory issues; biological
magnification of PCBs; changes in ecosystems/biomes; changes in breeding
patterns; changes in species ranges and habitat movement; increases in outbreaks;
harmful algal blooms; deaths from heat waves; impacts on specific species; oil
spill impacts on organisms; fossil fuel-related carcinogens; genetic influences on
populations

•

Abiotic: NOx, acid rain; ocean acidification/change in ocean chemistry; coastal
flooding; melting of surface ice and ice caps; higher temperatures and drier
conditions; changes in weather patterns, droughts, floods; air pollution; severe
storms/stronger hurricanes; wildfires; tornadoes; low-level ozone; scarce water for
irrigation
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Figure S1. A comparison of chapter length by discipline (N = 16). (A) Average chapter length
in pages and one standard deviation displayed by discipline for the textbooks investigated.
Biology and Chemistry show a difference in the number of pages per chapter, while Physics
chapters show the most variability. (B) The percentage of total pages in one chapter by
discipline. The percentage of pages per chapter indicates difference in the average, but no
significant difference overall based on the standard deviations. Overall, the Biology textbooks
appear to be the shortest number of pages and smallest percent per chapter of the total.
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Figure S2. The presentation of the effects of climate change by discipline within the textbooks
investigated (N = 16 textbooks). Normalized by textbook length to percentage of pages, this
study finds the largest variability in the Chemistry books. Biology and Physics textbooks
suggest a significant difference in presentation between the two disciplines. The presentation in
introductory Physics materials of the effects of climate change appears to be on average less than
one-half of one percent of pages.
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Figure S3. Biology textbooks demonstrate a tendency to focus on biomass and related
biological resources as technologies (N = 7 Biology textbooks in study). For example, the
biomass resources were defined to include algae, reducing deforestation (and use of forests for
carbon capture), ocean fertilization, photosynthesizing organisms at the output of coal-fired
power plants, marshes for carbon capture, and plant biofuels. Compared to Figure 3B, here a
distinction is presented between the biomass resource of plant biofuels and the “automotive”
category. The automotive category includes for example, improving efficiency in transportation
through hybrid vehicles. Not shown on the chart are other technologies including
geoengineering approaches presented such as atmospheric shading, CO2 scrubbers (abiotic),
wave energy, carbon sequestration (non-biological), and cap-and-trade systems. These
technologies are each n = 1 through the analysis of Biology textbooks. The dashed line indicates
the total number of Biology textbooks included in the study.
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Figure S4. Chemistry textbooks favor several technologies including alternative fuels (N = 5
Chemistry textbooks in study). As categorized here for the Chemistry books, the alternative
transportation fuels include biofuels, E85 (specifically named), methane, hybrid vehicles, and
hydrogen fuel cells. This represents a distinct categorization scheme from Figure S2, where the
focus of the technologies in the Biology textbooks centered on biomass-based sources. Here the
alternative fuels are categorized differently than the “automotive” in Figure S2 for greater detail
in the data presented and to reflect the apparent emphases placed by the textbook authors. The
other technologies listed here include geothermal, bacteria for energy, and methane hydrates
(each n = 1). Within these or related discussions, there was also a focus in the Chemistry
textbooks on an overall energy efficiency (n = 3, not shown here). The dashed line indicates the
total number of Chemistry textbooks included in the study.
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Figure S5. Physics textbooks focus on solar and general transportation technologies (N = 4
Physics textbooks in study). In this case, the transportation technologies category includes
alternative fuels, fuel cells, hybrid vehicles (including gasoline/electric and flywheel hybrid),
lithium-ion batteries (as they are commonly used in hybrid vehicles), supercapacitors (for
transportation purposes), and magnetic levitation technologies (for transportation purposes).
Following the pattern of the other disciplines, an “other” category is omitted from the figure. In
this case, a discussion on compressed air energy storage could be interpreted to be an “other”
here (n = 1). The dashed line indicates the total number of Physics textbooks included in the
study.
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In order of appearance in Table 1, the prevalent themes in the nuclear energy discussion are
presented:
Disasters
•

The most common argument against the utilization of nuclear energy technologies
is a major disaster.

•

A total of 10 (of 16) books present the possibility of nuclear disaster with 8
naming specific nuclear incidents, as seen in Table 2.

•

The disasters most often are represented in a cause-and-effect scenario with safety
failures triggering environmental and health impacts. This has implications on the
importance of disaster severity and historical context in contemporary science
education.
o Parallels are drawn with the recent Fukushima Daiichi disaster: “the longterm harmful effects of the radiation leakage to the environment are not
yet fully assessed, but it is believed to be comparable to that at Chernobyl”
(Chemistry)

•

In addition to Table 1, one additional Biology textbook briefly discusses the use
of bioremediation techniques decontaminating after a nuclear disaster in Japan,
although the incident is not named.

•

Three Mile Island is noted in one textbook as the incident that “first brought the
potential hazards of nuclear plants to public attention” (Chemistry).
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Waste Disposal and Half-Lives
•

The overwhelming consensus for nuclear fission among these U.S. textbooks includes the
problems posed by the half-lives of by-products and/or long-term waste storage (n = 10
of 16).

•

Multiple solutions, including perspectives for long-term storage locations and methods,
are presented.
o The most commonly considered storage location is stable geological formation
(i.e., Yucca Mountain, NV (Abraham, 2003), through vitrification (encasement in
glass), or similar methods.
§

Two textbooks, both Chemistry, name Yucca Mountain, NV as the longdebated geological storage location.

§

Another Chemistry textbook presents the “ideal disposal site” as the Sun,
but notes that would require “100 percent reliability in space technology.”

Biological Implications
•

The biological implications of nuclear energy include effects on both individuals and
populations.
o Biology: “the release of radioactive particles following a nuclear power plant
accident can have far-reaching and long-lasting effects on human health”
o Biology: “nuclear fuel, whether used to generate power or to produce bombs, has
been linked to cancer”
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•

Perspectives besides those linking nuclear plant disasters and general health or cancer are
less common. Each of the Biology books with related content focuses on the detrimental
impacts of nuclear radiation on living organisms.

•

Although while outside of the scope of the study on nuclear energy, in contrast, the
beneficial uses of nuclear technologies on living organisms (i.e., medical imaging) are
included in one Biology, one Physics and two Chemistry textbooks.

Controversial Nature of Nuclear Power
•

Here, we define controversial nature of nuclear energy as the explicit presentation of the
complex interactions between science and society.
o Chemistry: “complex political, environmental, and economic debate about the
deployment of nuclear chemistry”
o Physics: “participate in some of the most important policy discussion of our time
in an informed manner”
o Biology: “How can societies evaluate and compare the safety of nuclear power
versus the safety of burning fossil fuels, from which humanity gets most (about
87%) of its energy today? How can one compare the possibility of events – such
as a magnitude 9 earthquake or the escape of radioactive waste – with the
certainty of continued carbon dioxide emission and the unknown heath hazards of
global climate change resulting from fossil fuel use? What about a third option –
renewable energy, including wind and solar power? The world currently gets
only a small fraction of its energy from renewable sources. Does this need to
change? If so, how can it happen?”
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•

Other topics related to this discussion include safety and storage concerns of radioactive
wastes (addressed previously)

•

The themes of the nuclear energy controversy are heterogeneous and the approach taken
by the textbook suggests an alignment with the overall attitude presented by the
individual textbook.
o Chemistry: “it seems likely that the controversy will continue for some time”
o Physics: “when safety concerns and problems of storing radioactive wastes are
solved, watch for renewed interest”

Comparisons to Fossil Fuels
•

Half of the textbooks (n = 8) present a comparison with fossil fuels.
o Biology: the “safety of nuclear power” is presented as weighing against the
“certainty of continued carbon dioxide emission and the unknown health hazards
of global climate change resulting from fossil fuel use”

•

The most common comparisons include the differences in carbon emissions or climate
change implications (n = 1 Biology, n = 2 Chemistry, n = 2 Physics) or mass of fuel per
energy output (n = 2 Chemistry, n = 2 Physics).
o Chemistry: “a large quantity of energy that can be obtained from a small mass of
fuel and the absence of chemical pollution of the kind associated with fossil fuels”
o Physics: “kilogram for kilogram, you get several million times more energy from
uranium than you do from coal or from falling water”
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o Although infrequently discussed, similarities include negative environmental
impacts (specifically, thermal pollution) and comparative efficiencies of energy
generation (each n = 1).

Fusion
•

Present in only the Chemistry and Physics textbooks (n = 7 of 9), the dominant themes
surrounding fusion are the benefits and technical challenges.
o Presented as fueling other energy sources through solar fusion (to photosynthesis,
oil) (Physics) and mentioned without supporting discussion in another
(Chemistry), the remainder of the textbooks include the benefits and technical
challenges of fusion.
o Physics: “energy from nuclear fusion is thought by many to be the most likely
means of satisfying the long-term energy needs of modern industrialized society”
o Additionally, three textbooks (1 Chemistry, 2 Physics) provide contrasts between
fusion-based bombs (thermonuclear) and the “sustained and controlled release of
energy” in power plants (Physics).

•

Notably lacking from the books (present in n = 2 of 16) were examples of actual facilities
or experimentation in the fusion arena. Specific named facilities include ITER, the
proposed international fusion facility, and the National Ignition Facility at the Lawrence
Livermore National Laboratory, found in two Physics textbooks (with one mentioning
ITER).
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General Presentation of Nuclear Energy and Technologies
•

As the nuclear energy technology discussion was sufficiently limited in the textbooks, we
provide a rough categorization of the attitude presented in each book.

•

Of the textbooks evaluated (n = 16), we found a negative attitude presented for existing
nuclear energy technologies in approximately half, often citing nuclear power plant
disasters and long-term waste storage.

•

Beyond explicit statements, we also define both disasters and technological challenges to
be indicative of a negative bias in the rhetoric.

•

Overall, 30% of the textbooks did not discuss or provide sufficient information to
evaluate an overall perspective.

•

One Physics and three Chemistry textbooks, while determined to have an overall negative
attitude towards nuclear energy, present the possibility of fusion energy technologies in
an optimistic manner.
o These cite benefits, for example, including an abundant supply of fuel and little
waste generation.
o Addressing the possibility of nuclear dangers, if the fusion reactors “were turned
off, it would shut down completely and instantly, without any danger of a
meltdown” (Chemistry).

•

In addition to a fusion future, two Physics books present the current nuclear energy
infrastructure (fission-based technologies) with a positive attitude.
o Physics: “when safety concerns are met and problems of storing radioactive
wastes are solved, watch for renewed interest in this form of power that doesn’t
pollute the atmosphere” as comparisons are drawn with the emissions from coal-
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fired power plants. Based on our methodology, we categorize this quote as
positive for fission technologies due to the author’s diction downplaying the
current safety concerns and storage issues.
•

In the current dialogue concerning nuclear energy, two of the major benefits touted are
decreased carbon emissions and greater energy efficiency as compared to fossil fuels.
o In these books, the lack of pollution is emphasized by the lack of fossil fuel-based
air pollutants (in particular, sulfur oxides).
o Other benefits cited include greater per-unit-mass energy production and waste
containment.
o However, a comparison is drawn with the use of other technologies as “there is a
lot of coal in Earth’s crust, and water is easily backed up behind a dam” (Physics).
This statement, for example, may indicate a negative view of nuclear based on the
comparison with the mass of coal or ease of use for hydroelectric power.
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Figure S6. The overall presentation of current nuclear energy technologies across the introductory
university Biology (n = 7), Chemistry (n = 5), and Physics (n = 4) textbooks investigated.

Government and Policy
While focusing on energy technologies, global warming/climate change, and associated
environmental issues, the university textbooks reveal the presence of selected government and
policy-related topics. We outline below the governmental or intergovernmental organizations,
U.S. legislation, and treatises, protocols, and intergovernmental meetings, and related historical
events (to environmental or fossil fuels topics). The number of textbooks and the percentage of
textbooks are found in parentheses.
Governmental or Intergovernmental Organizations
U.S. Organization, Military, or Funded Projects (4, 25%)
•
General reference to “government,” “authorities,” or “politics” (2, 13%)
•
National (U.S.) or International Labs (5, 31%)
•
Intergovernmental Panel on Climate Change (included below)
•
Specific Legislation (U.S.)
General “governmental regulations” (3, 19%)
•
Clean Air Act (3, 19%)
•
Other legislation (specific or named) (5, 31%)
•
Treatises, Protocols, and Intergovernmental Meetings
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•
•
•
•

Intergovernmental Panel on Climate Change (IPCC) (6, 38%)
Montreal Protocol (6, 38%)
Kyoto Protocol (3, 19%)
Other conferences, meetings, or assessments (2, 13%)

Related Events (environmental or fossil fuels)
Oil crises, named spills, and embargoes (3, 19%)
•
The results suggest minimal emphasis placed on the role of government and policies (national or
international) in science education, based on these “hot topics” of environmental concerns,
energy technologies, and climate change. The role of legislation in addressing these
environmental issues appears to be understated (found in <25% of textbooks). However, we see
this as educational and research possibilities for the integration of other disciplines through
science policy. For example, one Chemistry book discusses “The acid rain program has been a
dramatic success, and today’s environmental legislation – such as the legislation aimed at global
warming – is using the acid rain legislation as a model for what can work.”
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Table S1. General figure location, description, and captions for the atmospheric CO2 figures.
Textbook

Location in
Textbook
(by thirds)

Description of
Figure

Figure Caption (formatting removed)

Biology 1

First Third

Shows atmospheric Increases in atmospheric carbon
CO2 from 1950s to dioxide. Carbon dioxide levels from 1960 to
2010 in ppm
present as measured by instruments at
Mauna Loa observatory in Hawaii.

Biology 2

Final Third

Shows CO2, N2O,
and CH4 increasing,
years 0 to 2000 in
500 year increments
along x-axis

Biology 3

Middle Third Shows CO2 in ppm
1960-2012 and
degrees (F and C)
for global average
temperature, same
time period

Global temperature increases parallel
atmospheric CO2 increases (a) Yearly
average CO2 concentrations in parts per
million. These measurements were recorded
at 11,155 net (3,400 meters) above sea level,
near the summit of Mauna Loa, Hawaii. (b)
Global surface temperatures. Because global
temperature varies considerable from year to
year, this temperature graph shows trends by
averaging each year with the 4 years
preceding it. Data for both graphs from the
National Oceanic and Atmospheric
Administration.

Biology 4

Final Third

With a Rise in CO2 Levels, a Rise in
Temperature How did global temperatures
for each of the years between 1880 and 2000
vary against the average temperature for the
entire twentieth century? As the figure
shows, yearly temperatures before the late
1930s were uniformly below the century’s
average, while yearly temperatures after
1980 were uniformly above it. The red line
tracks the period’s rise in atmospheric CO2
concentrations, which correlates strongly
with the global temperature increases.
(Adapted from “Global Temperature and
Carbon Dioxide,” Global Climate Change

Temperature on left
y-axis, CO2 in ppm
on right y-axis,
years 1880 to 2010
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Atmospheric concentrations of CO2, N2O (yaxis, left, and CH4 (y axis, right), as of 2011.
[Below figure: “Data from Climate Change
2007: The physical science
bases: Contribution of Working Group I to
the fourth assessment report of the
International Panel on Climate Change,
IPCC Secretariat.”]

Impacts in the United States, Thomas R.
Karl, Jerry M. Melillo, and Thomas C.
Peterson (eds.), Cambridge University Press
2009, p. 17.)
Biology 5

Middle Third Mean global
temperatures 1860
to 2100, including
projections. Notes
shown across
horizontal of
“minimum likely
increase,” “most
probable
temperature
increase for 2 x
CO2,” and
“maximum likely
increase at 1.5, 3,
and 4.5 degrees C,
respectively

Biology 6

Final Third

Shows Keeling
The increase in atmospheric CO2 levels and
Curve 1958 to 2008 temperatures due to the burning of fossil
fuels. From 1958 to 2008, atmospheric CO2
shows an increase of nearly 20%. In
addition, the graph shows a seasonal
variation in CO2 (shown in
blue). Temperatures are annual deviations
from the 1961-1990 average (shown in
red). Measurements were recorded at
Mauna Loa Observatory in Hawaii.

Biology 7

no figure

text description only text description only

Chemistry
1

First Third

CO2 in ppm from
1000 to 2000

Atmospheric carbon dioxide levels are
shown for the years from 1000 C.E. to 2010
C.E.

Chemistry
2

Final Third

Figure shows 106
years BP on x-axis
and an inset shows
the Keeling Curve
with projections,
approximately 1750
to 2020; two color
lines, one line not
described

Concentration of carbon dioxide in the
atmosphere, over the past 400 000
years. The green and red lines show
atmospheric CO2 concentrations which are
determined from ice core samples collected
in Antarctica. The blue line shows
atmospheric CO2 concentrations measured at
the Mauna Loa observatory in Hawaii.
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Global warming. a. Mean global
temperature is expected to rise due to the
introduction of greenhouse gases into the
atmosphere. Global warming has the
potential to significantly affect the world’s
biodiversity. b. A temperature rise of only a
few degrees causes coral reefs to “bleach”
and become lifeless. As the oceans warm
and land recedes, coral reefs can move
northward.

Chemistry
3

no figure

Chemistry
4

First Third

Keeling Curve with The rise in atmospheric carbon
projections, 1860 to dioxide Atmospheric carbon dioxide levels
2010
have been steadily increasing as a result of
fossil fuel combustion.

Chemistry
5

Final Third

Keeling Curve
1960s to 2010s

Physics 1

no figure

Physics 2

no figure

Physics 3

no figure

Physics 4

Middle Third Three-part figure,
with concentration
of CO2 in ppmv
over various time
period with
recorded
atmospheric data
from Mauna Loa
and ice core
samples

Yearly variation of carbon dioxide
concentration at Mauna Loa, Hawaii. The
general trend clearly points to an increase of
carbon dioxide in the atmosphere. In May
2013, the mean concentration recorded was
400 ppm.

text description only text description only
Concentration of carbon dioxide (CO2) in the
Earth’s atmosphere in parts per million by
volume (ppmv). (a) Concentration of carbon
dioxide in the atmosphere during the last
420,000 years. The measurements shown
are from air samples at Mauna Loa in
Hawaii (green) and the South Pole (orange)
and various ice core samples from
Antarctica. (b) Display of the same data as
in part (a), but only from 1000 AD to the
present. (c) Display of the same data as in
part (b), but only from 2000 to 2012.
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