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Abstract 30 

The Next Generation Science Standards (NGSS) emphasize how human activities affect the 31 

Earth and how Earth processes impact humans, placing the concept of sustainability within the 32 

Earth and space sciences. We ask: how prepared are future teachers to address sustainability and 33 

systems thinking as encoded in the NGSS? And how can geoscientists support them? Most future 34 

teachers receive their Earth science preparation in a single introductory geoscience course, but 35 

the content and delivery methods of these courses are not well matched to the NGSS knowledge 36 

and skills they will teach. We implemented a nationwide survey in undergraduate courses that 37 

addressed sustainability to some extent in order to assess career interests, behaviors, and 38 

motivations. Matched pre- and post-data (n = 1125) were divided into three groups: those very 39 

likely (22%), somewhat likely (22%), and not likely (56%) to become teachers. The “very” 40 

group resembles the current STEM teacher workforce in gender but is more diverse than the 41 

current workforce and the population currently enrolled in teacher preparation programs. The 42 

“very” group has higher rates of sustainable behaviors, is motivated by family and friends more 43 

than other groups, and is more likely to envision using their knowledge about sustainability in 44 

their careers. However, their understanding of key concepts such as systems thinking is limited. 45 

We suggest that curricular materials, such as those presented here, that address sustainability 46 

through concepts in introductory geoscience courses provide a means of reaching this group and 47 

better preparing future teachers to teach the NGSS.  48 
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Introduction 49 

Since the common schools movement began in the 1830’s and public education became 50 

widespread in the United States, the how, what, and why of teaching and training teachers has 51 

changed significantly (Goldstein, 2014). Changing demographics and sociocultural norms in the 52 

United States account for some of that change, but deliberate changes to what is taught in the 53 

classroom and by whom are typically made at the local and state levels. Widespread reform is 54 

inherently challenging, in part because of the sheer size of the teacher corps in the United States: 55 

3.5 million and growing at 6% a year, with more than 200,000 new teachers entering the 56 

classroom each year (Bureau of Labor Statistics, 2016-17; National Center for Education 57 

Statistics, 2016). For any attempt at curricular reform to be successful, both new and current 58 

teachers need to be prepared to implement the changes, which may involve learning new content, 59 

teaching techniques, changing the culture of the school or district, or any combination of those. 60 

 61 

The Next Generation Science Standards (NGSS) and the accompanying Framework for K-12 62 

Science Education (NRC, 2012) represent one of the most recent efforts at reform. The NGSS 63 

significantly shift the emphasis in the Earth sciences as compared with the previous national 64 

standards (NRC, 1996), drawing heavily from a series of literacy documents developed by the 65 

scientific communities (Climate Literacy Network, 2009; Earth Science Literacy Initiative, 2010; 66 

Ocean Literacy Network, 2013; University Consortium for Atmospheric Research, 2007). As a 67 

result, the Earth and space science disciplinary core ideas emphasize the ways in which the Earth 68 

system is relevant to humans, both how Earth processes impact humans and how human 69 

activities impact the Earth—the combination of which lead to the concept of sustainability of 70 

human societies. Another component new to these standards is the idea of a three-dimensional 71 
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framework that interweaves disciplinary core ideas with science and engineering practices and 72 

cross-cutting concepts (NRC, 2012). While the practices have appeared in different form in other 73 

standards, the incorporation of cross-cutting concepts, or those ways of thinking that play a 74 

significant role in all disciplines is new. Taken together, the cross-cutting concepts describe a 75 

more holistic, or systems-oriented, approach to science. 76 

 77 

The NGSS embody a significant change in both the how and the what of Earth science teaching 78 

(Wysession, 2014), prompting two questions: first, how prepared are future teachers to address 79 

the aspects of sustainability and systems thinking that are encoded in the Next Generation 80 

Science Standards? Second, how can we as geoscience educators support these future teachers? 81 

Answering these questions requires determining how the expectations for teachers as presented 82 

in the NGSS differ from what they experience in their current preparation programs, learning 83 

more about the knowledge and motivations of future teachers, and providing strategies for 84 

undergraduate geoscience educators to reach this group.  85 

 86 

What future teachers learn about sustainability 87 

Teacher preparation 88 

Each year, more than 220,000 students complete a teacher preparation program of some sort, 89 

which may be a bachelor's degree, master's degree, certification program (often a 1-year post-90 

baccalaureate program), or an alternative pathway, such as Teach for America (NRC, 2010; U.S. 91 

Department of Education, 2013). A large majority—as much as 88%—complete “traditional” 92 

teacher preparation programs, primarily 4-year baccalaureate degree programs (U.S. Department 93 

of Education, 2013).  94 
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Despite (or perhaps because of) these impressive numbers, the only feature shared by traditional 95 

teacher preparation programs across the country is variability: requirements for teacher 96 

certification vary widely state to state, and not all have content-specific or grade level-specific 97 

requirements (NRC, 2010; U.S. Department of Education, 2013). What does that mean for Earth 98 

science in practice? The 2012 National Survey of Science And Mathematics Education 99 

(NSSME) reveals that only 65% of elementary teachers, 75% of middle school science teachers, 100 

and 61% of high school science teachers have had at least one college course in Earth and space 101 

science (Table 1) (Banilower et al., 2013).  102 

 103 

Of current middle and high school science teachers, only 28-30% went on to take an additional 104 

college-level course in Earth or space science, with the most common topics of those courses 105 

being geology, astronomy, physical geography, meteorology, and oceanography (Banilower et 106 

al., 2013). At the high school level, 42% of teachers who teach Earth science courses have 107 

neither a degree in the field nor any courses beyond a single introductory course (Banilower et 108 

al., 2013). In other words, the vast majority of practicing teachers have taken either no Earth 109 

science courses or only a single introductory level Earth or space science course. What do we 110 

know about what is taught in these courses? 111 

 112 

Current introductory courses 113 

Unlike biology and chemistry, there is no standard introductory geoscience curriculum 114 

(Macdonald et al., 2005). Typically, geoscience departments offer a broad range of introductory 115 

courses that are designed to recruit students into the majors and/or fulfill General Education 116 

requirements (Macdonald et al., 2005; Tewksbury et al., 2013). Macdonald et al. (2005) found 117 
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that introductory courses reported by 2207 geoscience faculty covered at least 25 different 118 

topics: the most common were Physical Geology (20%), Earth Science (16%), Environmental 119 

Geology (10%), Oceanography, and Historical Geology (both 9%). All of these topics are 120 

potential entry points for teaching about human impacts on the Earth system, but it is difficult to 121 

assess the extent to which they are being used in that way. 122 

 123 

One view into the content of introductory courses is through the textbook market. Table 2 124 

summarizes information from nine of the most common textbooks from four different publishers 125 

used in introductory undergraduate geology courses in the United States, for which textbook 126 

publishers estimate that 275,000 books are sold annually (Martinez and Baker, 2006). Seven of 127 

nine have a single chapter that addresses human impacts on the Earth in the context of global 128 

change. In five out of those seven, it is the last chapter in the book (Table 2). None of the texts 129 

have the word “sustainability” as a chapter heading or even as a section heading within a chapter.  130 

 131 

What about how material is taught? In a 2004 survey, faculty in the geosciences self-reported 132 

that traditional lecturing dominates in their introductory classrooms (Macdonald et al., 2005).  In 133 

an observational study of 26 instructors in introductory geoscience courses spanning multiple 134 

institution types, Budd et al. (2013) found that instructors in larger courses (≥72 students) and 135 

those at R1 institutions are more teacher-centered in their instruction, while instructors in smaller 136 

courses are more transitional and/or student-centered. The American Geosciences Institute 137 

reports, however, that the average enrollment in introductory physical geology courses across 138 

294 responding departments is 508 (Martinez and Baker, 2006), suggesting that lecture is the 139 

dominant mode of conveying geoscience information to the majority of future teachers.  140 
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What future teachers will teach about sustainability 141 

Sustainability in standards pre-NGSS 142 

In the National Science Education Standards (NRC, 1996), the pre-cursor to the NGSS, Earth 143 

and space science content standards at the K-4 level focused on making observations of Earth 144 

materials and weather, and eventually on observing changes over time. At the middle level, the 145 

standards emphasized the hydrologic and rock cycles, along with solar system dynamics. At the 146 

high school level, “students focus on matter, energy, crustal dynamics, cycles, geochemical 147 

processes, and the expanded time scales necessary to understand events in the earth system” (p. 148 

187). None of the Earth and space standards reference human interactions with the Earth—149 

instead, the concepts of hazards, environmental quality, resource availability, and human impacts 150 

are included in a separate section, entitled “Science in Personal and Social Perspectives.” Their 151 

inclusion was important, but their separation from the disciplinary content meant that they were 152 

often overlooked. The NSES themselves were not intended to be adopted by states, but they 153 

influenced the development and adoption of state-level science standards (Labov, 2006).  154 

 155 

A few key analyses of the state standards, mostly developed after the NSES, provide insight into 156 

the extent to which human interactions with Earth were, in fact, incorporated. Kastens and Turrin 157 

(2006) analyzed states’ science standards to assess the extent to which they “directed students’ 158 

attention and concern to issues of human interactions with the Earth system” (p. 425). They 159 

developed a three-category coding scheme that they used to categorize elements of the state 160 

standards: (1) Earth and the environment affect humanity, (2) humanity affects Earth and the 161 

environment, and (3) individuals affect Earth and the environment. They found wide variation in 162 

how state standards addressed these ideas, with overall scores ranging from one instance of 163 
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inclusion of human interactions with the Earth system to 75. All state standards emphasized how 164 

humanity—rather than the individual—interact with and affect Earth and the environment, 165 

effectively disconnecting individual actions and behaviors from knowledge. Overall, the authors 166 

felt that the standards were insufficient to influence the behaviors of future citizens towards more 167 

sustainable actions. 168 

 169 

A 2007 analysis of Earth science in state standards revealed consistent inclusion of the concept 170 

of the Earth as a system, but many other inconsistences and gaps across the country, particularly 171 

in including 21st century approaches to data and technology (Hoffman and Barstow, 2007). As 172 

with teacher preparation programs, the most consistent feature of Earth science standards across 173 

the 50 states is variability. At the time of the review, the authors evaluated the standards against 174 

35 of the fundamental concepts in the Ocean Literacy document (Ocean Literacy Network, 175 

2013), which was the only one of the four geoscience literacy documents that had been 176 

developed. Almost all states include at least a few, but none incorporate more than 20; the mean 177 

was 9.6, mostly indirectly addressed. The suggest that this gap could be partially addressed by 178 

better articulation of the role of the oceans in the Earth system, since that systems approach was 179 

already integrated into the curriculum. The review also addressed environmental literacy, which 180 

they define as follows: 181 

An environmentally informed citizen knows that: Earth has finite resources; humanity utilizes Earth 182 

resources and causes both short-term and long-term impacts to Earth’s systems; space-age and other 183 

21st century technologies can be used to study and model environmental changes; and it is important 184 

that people make scientifically informed and responsible decisions regarding the management of 185 

Earth’s resources and systems. (p. 37) 186 
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They found that 20 states addressed environmental literacy concepts directly, 14 states did so 187 

indirectly, and 16 states did not address them at all.  188 

 189 

Sustainability in the NGSS 190 

In the NGSS, Human Impacts on Earth Systems is one of twelve disciplinary core ideas (DCIs) 191 

in Earth and Space Science (NGSS Lead States, 2013). As shown in Table 3, the elements of the 192 

learning progression within this DCI are closely aligned with both the coding of Kastens and 193 

Turrin (2006) and the environmental literacy concepts of Hoffman and Barstow (2007). The 194 

NGSS have (as of this writing) been adopted by 16 states, five of which were reviewed as failing 195 

the environmental literacy concepts (California, Hawaii, Kentucky, New Jersey, and Rhode 196 

Island) (Hoffman and Barstow, 2007) and five of which had fewer than nine elements of 197 

human/environment interactions in their state standards (California, Hawaii, Kentucky, Nevada, 198 

and Oregon) (Kastens and Turrin, 2006). 199 

 200 

As students move from elementary school through middle and high school, their expected 201 

understanding of this DCI increases in sophistication. The word “sustainability” first appears at 202 

the high school level (Table 3). The topic of Human Sustainability is situated solely within the 203 

Earth and space sciences within the NGSS, despite widespread agreement that sustainability (and 204 

even sustainability science) is necessarily inter- and/or transdisciplinary (Komiyama and 205 

Takeuchi, 2006; Kurland et al., 2010; McMichael et al., 2003). Feldman and Nation (2015) 206 

provide an excellent summary of the variety of ways that “sustainability” has been envisioned 207 

within education. Focusing specifically on sustainability within science classes, they note two 208 

broad categories of approaches: those that emphasize science learning, where sustainability 209 
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concepts add real-world context to science topics, and those that emphasize sustainability itself 210 

across the curriculum. As a set of national standards, the NGSS lean towards the science learning 211 

approach, or education about sustainability (Sterling, 2003), rather than education for 212 

sustainability (Santone et al., 2014). This is perhaps most evident in the performance 213 

expectations within this topic area, which also become increasingly sophisticated, such that by 214 

high school, students are expected to be able to “create a computational simulation to illustrate 215 

the relationships among management of natural resources, the sustainability of human 216 

populations, and biodiversity.” In this case, the focus is on the skill and the knowledge, not the 217 

decision-making or implications that arise from this simulation.  218 

 219 

Overall, Earth and Human Activity (the section of the NGSS that includes Human Impacts on 220 

Earth Systems) represents fully one-third of the DCIs and performance expectations in the Earth 221 

and space sciences at the middle and high school levels in the NGSS. On the basis of our 222 

analysis, this is a fundamental shift from previous national and state standards as well as from 223 

the current content emphasized in introductory geoscience courses in which most future teachers 224 

enroll. Given what we know about the science content preparation of current teachers 225 

nationwide, it would appear that few teachers have received significant background in 226 

sustainability as it in included in the NGSS through college coursework.  227 

 228 

Our nationwide survey about sustainability motivations and behaviors 229 

Motivation 230 

Textbook chapters and course enrollments provide a framework for understanding the content 231 

that future teachers encounter in college. To get more insight into preparedness to teach 232 
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sustainability concepts in the NGSS, however, we employed a nationwide survey of 233 

undergraduates that addressed students' career interests and their behaviors and motivations to 234 

contribute to solving grand challenges of environmental sustainability. 235 

 236 

The survey is part of InTeGrate (http://serc.carleton.edu/integrate), a community-driven project 237 

to incorporate learning about Earth in the context of societal issues across the undergraduate 238 

curriculum. One of InTeGrate’s primary goals was to develop curricula that will (1) increase 239 

Earth literacy of all undergraduate students, including the large majority that do not major in the 240 

geosciences such as future K-12 teachers, (2) increase students’ interest in majoring in the 241 

geosciences and in pursuing a career that makes use of geoscience knowledge, and (3) improve 242 

students’ ability and motivation to contribute to solving grand challenges of resources and 243 

environmental sustainability. The project envisions developing a citzenry better positioned to 244 

make sustainable decisions in their lives and as part of the broader society—and, in the case of 245 

future teachers, incorporate those skills into their teaching in their own classrooms. To assess 246 

progress on these goals, InTeGrate developed the InTeGrate Attitudinal Instrument (IAI), which 247 

asks questions about student motivations towards sustainability and sustainable behaviors, as 248 

well as career and demographic questions; a description of the development and testing of the 249 

IAI along with the survey itself is available at http://serc.carleton.edu/integrate/about/iai.html.  250 

 251 

Methods 252 

The IAI was deployed pre- and post-instruction in courses where InTeGrate materials were being 253 

tested, and these courses, therefore, addressed sustainability issues to some extent (for details 254 

about how the survey was administered, see http://serc.carleton.edu/integrate/about/iai.html).  255 
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The IAI asks about reason(s) for taking the course (1 question, pre-instruction only), college 256 

major (1 question pre- and post-), career interest (2 questions pre- and post-; 1 additional 257 

question post-), concern about various potential environmental issues (1question, pre- and post-), 258 

frequency of engaging in each of several listed behaviors that contribute to environmental 259 

sustainability (pre- and post-) and motivations for doing so (post- only), and whether they can 260 

envision using what they have learned in this course to help overcome environmental/resource 261 

problems (post- only, open response). In addition, the pre-instruction survey asks for 262 

demographic information (gender, ethnicity, race, year in college, age). Post-instruction only, 263 

students were asked to respond to two essay questions meant to probe their interdisciplinary 264 

problem solving and systems thinking skills; the prompts for these questions and the scoring 265 

rubrics are shown in Table 4.  266 

 267 

The IAI was administered by 61 instructors who taught using InTeGrate materials in 68 courses 268 

at 46 institutions between fall of 2012 and summer of 2015 (Table 5). Responses were 269 

anonymized so that pre- and post-instruction surveys were matched with each other but not with 270 

the students’ identities. Of the 2160 students who were taught in 68 courses, 1125 (52.1%) had 271 

matched pre- and post-IAI responses (Table 5). 272 

 273 

We divided the total matched responses into three groups: those very likely to become future 274 

teachers, those somewhat interested in becoming future teachers, and those not interested in 275 

teaching. The criteria used to define these mutually exclusive groups were: 276 

• Very likely future teachers  (n = 245) fulfilled one of the following criteria 277 
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o They were enrolled in a course designated as a teacher preparation course (starred 278 

in Table 5); or 279 

o They selected “very interested” for “Science teacher in primary or secondary 280 

school” on the career question of the IAI (post-instruction); or 281 

o They indicated “Education” as a major that they have already chosen or are very 282 

likely to choose on the IAI (post-instruction). 283 

• Somewhat likely future teachers (n = 251) fulfilled one of the following criteria: 284 

o They selected “a little bit interested” for “Science teacher in primary or secondary 285 

school” on the career question of the IAI post-instruction; or 286 

o They indicated that Education was a major they  “Might choose” on the IAI (post-287 

instruction). 288 

• Not likely future teachers (n = 629) are not in either of the very or somewhat populations, 289 

but also meet the following criteria 290 

o They were not enrolled in a teacher preparation course; and 291 

o They selected “not interested” for “Science teacher in primary or secondary 292 

school” on the career question (post-instruction); and 293 

o They indicated that Education was a major they  “will not choose” 294 

We refer to these three groups throughout this paper as the “very”, “somewhat”, and “not” 295 

groups.  296 

 297 

We use both the career and major questions to acknowledge the fact that students who plan to 298 

teach at the elementary level are more likely to major in education, while students who plan to 299 

teach at the middle or secondary level more often major in the discipline that they will teach (e.g. 300 
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biology, history, etc.). On the survey questions, we did not distinguish between teaching at the 301 

elementary, middle, or secondary levels, so the “very” and “somewhat” populations include 302 

students who are interested in teaching at all levels in the K-12 system.  303 

 304 

Numerical and statistical analyses for the rest of the IAI questions were based on these three sub-305 

populations. For numerical Likert-scale questions, pre- and post- means were calculated for the 306 

three populations; a t-test was used to determine if there was a statistically significant difference 307 

between the pre- and post- means and a one-way analysis of variance was used to determine if 308 

there was a statistically significant difference between the populations.  Answers to the single 309 

open-ended response question on the IAI were coded; we analyzed responses from those who 310 

had responded “yes” and “no” to the initial question separately. The rest of the coding scheme 311 

was developed through a grounded theory inductive approach, in which the researcher examines 312 

the responses for patterns and trends that emerge from the data and then categorizes these 313 

according to codes or concept indicators (Chi, 1997; Feig, 2011). As is typical in such work, the 314 

coding scheme passed through multiple iterations involving two researchers comparing, 315 

reconciling, and revising. When the coding scheme had stabilized, a third researcher re-coded 316 

22% of the responses to test for inter-rater consistency. Although the consistency was adequate, 317 

the scheme was found to be difficult to apply and yielded too many lightly populated categories. 318 

We therefore developed a simplified scheme by merging several categories and clarifying the 319 

description of other categories.   320 

 321 

For the two essay questions probing systems thinking and interdisciplinary problem solving, a 322 

selection of responses from the “very” group were scored against a rubric (Table 4) and explored 323 
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qualitatively for emerging themes. Only responses from students in the elementary and 324 

secondary science methods courses (Table 5) were examined in order to more deeply probe the 325 

interdisciplinary problem solving and systems thinking capabilities of the most likely future 326 

teachers who are also closest to being in their own classroom as these two courses are typically 327 

taken by students in their third or fourth years of college.  328 

 329 

Results 330 

Demographics 331 

A primary demographic result is that 496 out 1125 students for whom we have matched pre- and 332 

post-instruction data—44%—are potential future teachers, and 22% are very likely to enter the 333 

classroom. The total sampled population was 58% female, 41% male, and 1% preferred not to 334 

say. When broken down into our three sub-populations, however, the gender distribution varied 335 

(Figure 1). Students who are very interested in becoming teachers are overwhelming female: 336 

75% (n = 184/245).  337 

 338 

The total sampled population was 58% White or Asian and 36% underrepresented minority 339 

(including Hispanic, Black, Alaskan Native, Pacific Islander, American Indian), and 6% did not 340 

respond or responded “Other,” which could include two or more races. As with gender, the three 341 

sub-populations look somewhat different from the entire population (Figure 2). Of the students 342 

very interested in becoming teachers, a higher percentage is White or Asian (65%) than our total 343 

sampled population (58%).  344 

 345 
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The IAI asked students for their year in college on the pre-instruction survey; the total sampled 346 

population was dominated by students in their second year of college (33%) with around 20% for 347 

first, third, and fourth year students and less than 2% graduate students or other. The “somewhat” 348 

and “not” groups mirror this trend, but the “very” group looks quite a bit different (Figure 3). 349 

Thirty-six percent of the very interested population is in their fourth year in college, a full two 350 

years more advanced than the other sub-populations. 351 

 352 

Sustainable behaviors 353 

On both the pre- and post-instruction surveys, students were asked about how often they:   354 

• Turned off the water while brushing teeth;  355 

• Recycled paper, glass or aluminum;  356 

• Washed clothes in cold water;  357 

• Unplugged appliances to eliminate ‘ghost’ power use;  358 

• Walked or biked instead of using car;  359 

• Turned off light when leaving a room;  360 

• Used public transportation instead of a car;  361 

• Used a ‘power saver’ scheme for your computer;  362 

• Purchased locally grown food;  363 

• Brought a reusable bag to the grocery store.   364 

From their responses, we calculated a “sustainable behaviors index” by assigning one point for 365 

each sustainability behavior that the respondent reported engaging in within the preceding week.  366 

 367 
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Figure 4 shows the distribution of sustainable behaviors index score by teacher-interest groups. 368 

On both the pre-instruction and post-instruction survey, the “very” group has the highest mean 369 

sustainable behaviors index (Figure 4). The “very” group and the “not” group showed a small but 370 

statistically significant increase in mean sustainable behavior index across instruction, while the 371 

“somewhat” group did not. 372 

 373 

As follow-up, the post-instruction survey also asked, “When you engage in behaviors such as 374 

those listed in the previous question, what factors or sources of information influence your 375 

decision to do so?” Respondents were asked to mark all that apply from a provided list. For all 376 

three groups, the most commonly selected reason for engaging in sustainable behaviors was 377 

“Desire to save money,” followed by “Concern about pollution” (Figure 5). However, the “very” 378 

group differed from the others in being more likely to be influenced by family and friends 379 

(Figure 5). For the entire sample, “This course or module” was chosen more often than “Other 380 

college courses”; however this was less true for the “very” group than for the other two groups 381 

(Figure 5).  382 

 383 

Envisioning the future 384 

On the post-instruction IAI only, students were asked, “As you think about your future, can you 385 

envision using what you have learned in this course to help society overcome problems of 386 

environmental degradation, natural resources limitations, or other environmental issues?” After 387 

the yes/no selection, students could fill in one of two open response fields, labeled “If yes, how?” 388 

and “If not, why not?” In other words, the student was asked to consider if they could see 389 

themselves transitioning from the role of a ‘learner’ where they collected information about 390 
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environmental issues, into the role of a ‘teacher’, ‘leader’, or ‘doer’, where they will share their 391 

knowledge to help society resolve or overcome environmental issues.  392 

 393 

Overall, students were five times as likely to envision themselves in this new active role than not 394 

(Table 6), and only 19 out of 1125 students (<2%) declined to answer the question; these 395 

proportions were consistent across all three sub-populations. The vast majority added further 396 

explanation to support their response giving additional insight into their thinking, and these 397 

responses were coded (Table 6). Because the results from the “not” and “somewhat” groups 398 

mirror those of the entire population, here we simplify our presentation to compare coding 399 

results from the “very” group with the entire population (Figures 7 and 8).  400 

 401 

“No” responses 402 

Of those students who responded no, 28% referenced the cause as the course design/instruction 403 

(N1); a slightly larger proportion (36%) of very group expressed that sentiment (Figure 6). The 404 

second largest number of ‘No’ respondents noted an inadequate feeling of empowerment, or that 405 

the problem is simply too difficult (N3). These responses ranged from comments noting that 406 

solutions are up to people with more training or authority, to ones noting that the problem is so 407 

large that it is beyond any single person’s ability to effect change: “I am not sure how I could 408 

help on a larger scale”.  Others responded that they had no sense of where to begin to tackle the 409 

problem or even expressed a more defeatist attitude noting the overall problem is just too 410 

difficult to tackle or solve: “I believe that the human population has passed the point of no 411 

return.” 412 

 413 
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Approximately 15% of all students cited the fact that their chosen profession would not provide 414 

them the opportunity to use what they had learned to help society overcome problems of 415 

environmental degradation (N2) – this proportion does not hold true for the very group, where 416 

only one person (less than 2%) made a similar statement.  417 

 418 

Beyond these three main groups of ‘No’ respondents, a small handful in the very group noted 419 

that they had either no interest in the topic or no desire to actually help society on this topic (N4), 420 

or that they were already doing as much as they could possibly do and could see no room to add 421 

more to their actions (N5).  422 

 423 

“Yes” responses 424 

Overall, the ‘Yes’ responses were more evenly distributed than the ‘No’ responses (Figure 7). 425 

Within the total sample, the largest number noted a plan to help society overcome environmental 426 

problems by incorporating what they learned into their personal behavior (Y4). In contrast, the 427 

most common response in the “very” group was a plan to help society through their chosen 428 

career, and the large majority of those responses (55 out of 68) specifically mentioned teaching 429 

(Figure 7b). They often stated specifics about what they hoped to teach their students: "I can 430 

teach students how to reduce their impact on the environment,” and that they could “Engage 431 

students in different kinds of activities and make environmentally sustainable practices a 432 

commonality in my classroom." The use of evidence in the science to teach was also noted: "I 433 

would plan on using some of the teaching techniques and lessons used in this course to help 434 

educate more people about the data and conclusions which can be reached from that data to live 435 

and think more responsibly about the earth and it's [sic] resources.” The other significant 436 
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difference between the “very” group and the whole population is that a much lower proportion of 437 

the “very” group had responses that were coded Y3, a conscious attempt to influence others’ 438 

behavior (Figure 7b). Three respondents (1.5%) in the “very” group noted that they felt a 439 

“responsibility” or even a “moral obligation” to help society. This is a small number, but notable 440 

in that these words did not come up at all in the “somewhat” group and only twice in the “not” 441 

group, which is twice as big as the very group.  442 

 443 

It is worth noting that a total of 65 responses were coded as Y5(T) (Table 6), 55 of which fell 444 

into our “very” group, four in the “somewhat” group, and six in the “not” group. All six 445 

responses in the “not” group, however, mention teaching or education in a general sense, rather 446 

than specifically as a classroom teacher.  447 

 448 

Interdisciplinary problem solving and systems thinking skills 449 

In the responses to essay questions, we looked only at the responses from students in the 450 

designated teacher preparation courses (Table 5). The essay questions were designed to 451 

differentiate between levels of understanding, and a student in an introductory course would not 452 

be expected to score a 4 on the questions (Table 4). The responses for the known future teachers 453 

were highly variable and all scored below 2 on the rubric. Given the generally very low scores, 454 

we decided to explore these responses for emerging themes.   455 

 456 

Out of 49 responses to the interdisciplinary problem solving essay question, the most common 457 

global challenge mentioned was global warming (7) or climate change (8). If combined with 458 

other answers that are directly related to warming, such as sea level rise (4), melting of ice (3), 459 
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the total number of responses focused on a warming climate is 22, or 45%. The next most 460 

common answer was overpopulation (5 responses out of 49, or 11%). Other challenges 461 

mentioned by 1 or 2 students were lack of clean water, extreme weather events, food shortages, 462 

poverty, running out of fossil fuels, earthquakes on the San Andreas fault, and pollution of soils. 463 

Very few students made a connection between science and economic, social, or political 464 

decision-making. 465 

 466 

Responses to the systems thinking question were only available for 20 students in elementary 467 

science methods courses (Table 5). Most students did not completely answer the question. As an 468 

example of a system, 6 said “ecosystem” and 3 responded “pond ecosystem.” Two mentioned a 469 

food chain or web. Two described the water cycle and one described the rock cycle.  470 

 471 

Discussion 472 

Demographics 473 

Our primary result from this survey—that 22% of respondents are very interested in teaching and 474 

another 22% are somewhat interested—is in and of itself interesting and compelling. This is an 475 

unexpectedly high percentage, considering that only nine of the 68 courses were designated 476 

teacher preparation courses (i.e., only students enrolled in a teacher preparation program would 477 

take these courses) and only 101 out of the 1125 students in our matched sample—9%—come 478 

from those courses (Table 5). Potential future teachers in our sample are distributed across the 479 

entire range of courses in which the survey was administered: primarily introductory science 480 

courses including geology, oceanography, meteorology, and environmental science, but also 481 
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upper-level courses (considered anything above an introductory course) such as environmental 482 

justice and natural hazards.  483 

 484 

In other words, future teachers are in all of our courses in the geosciences, and they constitute a 485 

significant percentage of the students in our introductory courses. Given this primary 486 

observation, we explored the demographic characteristics of these three sub-populations to 487 

compare them to each other, the nationwide population enrolled in teacher preparation programs, 488 

and the current teacher workforce. 489 

 490 

Gender 491 

The Report of the 2012 National Survey of Science And Mathematics Education (NSSME) 492 

shows that, in the current teacher population, 94% of elementary teachers are female, along with 493 

70% of middle school science teachers and 54% of high school science teachers (Banilower et 494 

al., 2013). Our sample population does not discriminate between elementary, middle, and high 495 

school, and roughly matches the average of these three populations (73%), as might be expected. 496 

Nationwide, enrollment in teacher preparation programs is 74.3% female (U.S. Department of 497 

Education, 2013). 498 

 499 

Ethnicity 500 

Nationwide, enrollment in teacher preparation programs is 70.7% White or Asian, which is 501 

slightly less diverse than our study group (U.S. Department of Education, 2013). Both our sub-502 

population and nationwide teacher preparation enrollment is far more diverse than the current 503 

teacher workforce: at all levels (elementary, middle, and high school), white and Asian teachers 504 
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make up over 90% of current science teachers (Banilower et al., 2013). It is possible that we are 505 

seeing a real change in the demographics of the teacher workforce, as approximately 50% of the 506 

teachers surveyed in the NSSME have >10 years of teaching experience, while both our survey 507 

and the Department of Education reports are looking at future teachers. It may be that the teacher 508 

population is in the process of diversifying and we are looking at two points on the timeline. It 509 

may also be that several years of efforts to broaden access to the geosciences are paying off (e.g. 510 

Levine et al., 2006; Carrick et al., 2016), and we are simply seeing more diverse enrollment in 511 

geoscience courses where we did much of our surveying. On the other hand, it is also possible 512 

that we are losing students from underrepresented groups who are interested in teaching, 513 

somewhere between their introductory science courses and their first ten years of teaching. 514 

Unfortunately, previous reports from the Department of Education do not include race and 515 

ethnicity data, so these possibilities cannot be tested. 516 

 517 

Year in college 518 

On the whole the students in the “very” group are further along in their undergraduate careers 519 

(Figure 3). One potential explanation for this discrepancy is that in many teacher preparation 520 

undergraduate programs, the designated teacher preparation courses are only open to 521 

upperclassmen. However, as noted earlier, the relatively small number of students in these 522 

designated courses cannot completely account for this discrepancy. Another potential 523 

explanation is that we are selecting for third and fourth-year students in our initial determination 524 

of the populations in which we used career and major questions: students who are more 525 

confident in their major or career are more likely to be in their junior or senior year. This 526 

characteristic of the “very” group is important to keep in mind in the interpretation of the rest of 527 
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the results, but the relatively small numbers of respondents in each of these bins prevent us from 528 

making more quantitative comparisons.  529 

 530 

To summarize, students who are very interested in the teaching profession look different from 531 

the entire sample population as well as the “somewhat” and “not” groups in gender, ethnicity, 532 

and year in college: the very population is more female, more White/Asian, and have spent more 533 

time in college than the somewhat and not groups. The “very” group resembles the current 534 

teacher population and teacher preparation population in gender, though our sample population is 535 

significantly more diverse than the current teacher population and somewhat more diverse than 536 

national teacher preparation enrollment. The demographic alignment of our “very” group with 537 

what we know of the nationwide population in this category gives us confidence that we have 538 

surveyed a representative sample of future teachers.  539 

 540 

Behaviors and motivations 541 

We find it particularly interesting that the “very” group is more strongly influenced by family 542 

and friends in their decisions about sustainable behaviors than the rest of the sample population. 543 

This is perhaps not unexpected, however. Kyricou and Coulthard (2000) found that 544 

undergraduate students in the UK who were most interested in teaching as a career ranked the 545 

ability to combine their job with having a family and where they can contribute to society far 546 

higher in importance than students who were definitely not interested in teaching. In an 547 

international comparison of motivations for pursuing teaching as a career, Watt et al. (2012) 548 

found these motivations to be even stronger in the United States than in Australia, Germany, or 549 

Norway, which they hypothesized to be due in part to the low relative pay for teachers in the 550 
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United States. As such, we might expect future teachers in the United States to be strongly 551 

influenced by their family and their communities.  552 

 553 

In their motivations, the “very” group also appears to be slightly more influenced by other 554 

college courses than the “somewhat” and “not” groups, both of which rank other courses last 555 

(Figure 5). This difference may be explained by the fact that the very group has, on average, 556 

been in college two years longer than the two other groups (Figure 3) and may have simply taken 557 

more classes. This result may also reflect the nature of the courses in which 54 of the survey 558 

respondents in the “very” group were enrolled: elementary science methods and secondary 559 

science methods, which typically include little science content and instead focus on pedagogy. 560 

 561 

The open-ended responses provide some additional insights into behaviors and motivations. In 562 

the “very” group, many expressed their comfort and ability to take action as an individual and in 563 

their career, but little or no confidence in their ability to influence others (other than children, 564 

perhaps, over whom they would have clear authority). The apparent lack of confidence could 565 

reflect a reluctance to influence behaviors, perhaps as overstepping the role of a teacher. Or it 566 

may be a reflection of the pre-service status of these students—samples of pre-service teachers at 567 

four stages in their training have shown the biggest growth in confidence after their student 568 

teaching (Gurvitch and Metzler, 2009).  569 

 570 

The lack of confidence may also reflect their lack of knowledge about key concepts in 571 

sustainability, as may be suggested in their responses to essay questions. Although it is difficult 572 

to draw substantial conclusions from the sparse responses we examined, it is readily apparent 573 
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that the concept of “systems” presents a particular challenge to future elementary teachers. Yet 574 

systems and systems thinking are major components of the NGSS, and the ability to utilize 575 

systems concepts such as feedbacks, emergent phenomena, and multiple actions leading to a 576 

given outcome are critical in addressing sustainability. Alternatively, the responses may reflect 577 

drawing a distinction between global issues, where they feel they have no ability to influence 578 

others, and personal behaviors, which they report are more strongly influenced by friends and 579 

family. This may also reflect a lack of a deep understanding of systems, where collective 580 

behaviors can emerge out of many individual actions.  581 

 582 

In summary, a majority of the “very” group embraced the idea that they could play an important 583 

role as a teacher in educating children about Earth and the choices they could make in the future, 584 

but they are not necessarily prepared to do so.  585 

 586 

Limitations of the survey 587 

As noted earlier, the survey was administered by 61 instructors in 68 courses at 46 institutions. 588 

These institutions span a range of post-secondary institution types and include two-year colleges, 589 

four-year liberal arts colleges, regional comprehensive universities, and high research 590 

universities in 23 states. As such, it is a nationwide survey that reached undergraduate students in 591 

a wide variety of settings. It is not, however, a random sample. The survey was given in courses 592 

taught by faculty who are highly involved in education reform efforts, which may influence the 593 

demographics of student enrollment. We don’t feel this is a strong bias, however, given that the 594 

majority of responses came from introductory and general education courses, where few students 595 

have the opportunity to make decisions about enrollment based on the instructor. As noted 596 
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above, the alignment of our population with national trends suggests that our sample is 597 

sufficiently large to be considered representative.  598 

 599 

In addition, the survey was given in multiple terms, and it is possible that some of the responses 600 

would have been influenced by the term or season when the survey was administered. In 601 

particular, student responses to the sustainable behaviors prompts about “walking or biking 602 

instead of using a car “ and “purchasing locally-grown food” would be strongly influenced by 603 

seasonality in the northern latitudes. When the 1125 matched responses are analyzed at this level, 604 

however, there are not enough responses in each category (e.g. northern latitude college in 605 

winter) to provide meaningful comparisons.  606 

 607 

Implications of our results 608 

These results provide a glimpse into the characteristics of the future teacher population and their 609 

behaviors and motivations towards sustainability. The glimpse we have of this population allows 610 

us to ask: How prepared are future teachers to address the aspects of sustainability and systems 611 

thinking that are encoded in the Next Generation Science Standards? And how can we as 612 

geoscientists and geoscience educators support them? 613 

 614 

How prepared are future teachers? 615 

Our group of students that we designated as very interested in teaching have some characteristics 616 

that distinguish them from the rest of the population we sampled. While they are generally 617 

further along in their college careers, they struggle with concepts related to systems and systems 618 

thinking, and to some extent with a sense of empowerment. These findings are similar to others’: 619 
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Hagevik et al. (2015) found that pre-service elementary teachers who held bachelor’s degrees 620 

and had taken at least two (and an average of four) science courses as part of their degree 621 

program reported feeling unprepared to teach sustainability concepts. Foley et al. (2015) report 622 

significant improvements in pre-service teachers who take a sustainability course designed for 623 

them, but their understanding of systems thinking still lags behind all other conceptual measures.  624 

 625 

Many future teachers in our survey population recognize that climate change is a significant 626 

issue that society is facing and will continue to face in the future (as can be inferred from the 627 

essay results); climate-related concepts are a significant part of the NGSS. However, that is not 628 

currently part of the teacher preparation or introductory geoscience curriculum in most places 629 

(Macdonald et al., 2005; Sullivan et al., 2014). Currently, most teachers rely on self-study and 630 

professional development to learn about climate change and its impacts (Sullivan et al., 2014), 631 

although others have begun to incorporate it directly into the teacher preparation curriculum with 632 

positive results (Hestness et al., 2015).  633 

 634 

While possibly less knowledgeable about sustainability, our “very” group distinguished 635 

themselves by being slightly more likely to engage in sustainable behaviors. Hagevik et al. 636 

(2015) similarly found that pre-service elementary teachers were already “pro environmental,” or 637 

likely to engage in a list of 13 behaviors like conserving water and energy. Even more distinctive 638 

was the influence that family and friends had on these behaviors. Our result is reflected in other 639 

studies that found that pre-service elementary teachers tend to include or focus exclusively on 640 

relationships and people in describing their “sense of place” (Moseley et al., 2015), whereas 641 

most of the literature and pedagogy around sense of place focus on establishing a connection 642 
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with nature and the biophysical environment (Semken and Brandt, 2010; Semken and Freeman, 643 

2008). 644 

 645 

Overall, it appears that current teacher preparation programs are not yet preparing future teachers 646 

to fully address the sustainability concepts in the NGSS, and that they are challenged by the 647 

essential components of sustainability related to Earth science. But our results suggest that pre-648 

service teachers are “primed” for engaging more deeply—they already engage in sustainability 649 

behaviors, they are motivated by their communities to do so (Williams and Semken, 2011), 650 

possibly because they feel more connected to their communities to begin with, and feel a 651 

responsibility towards their future students.  652 

 653 

How can we support future teachers? 654 

Geoscientists have an important role to play in preparing future teachers that goes beyond 655 

traditional geoscience content knowledge. The NGSS place sustainability concepts in the Earth 656 

and space science disciplinary core ideas and performance expectations; as states adopt the 657 

NGSS and revise their standards for teacher preparation accordingly, that content and those skills 658 

then become part of what future teachers are tested on as well. The content of our current 659 

courses, however, is largely divorced from the content expectations of the NGSS. Nor can we 660 

simply leave sustainability to others to teach: it must be embedded throughout the curriculum, 661 

giving pre-service teachers multiple experiences engaging in sustainability-related activities 662 

(Hagevik et al., 2015; Nolet, 2009; Stratton et al., 2015) 663 

 664 
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For geoscientists, the primary leverage point in teacher preparation programs is introductory 665 

courses. Aligning introductory course content with the content of the NGSS is a critical step to 666 

supporting this audience, as well as other students—all of whom will go on to be participants in 667 

our democracy where science knowledge connected to societal issues is only becoming more 668 

important (Hein, 2006). In addition, alignment recognizes that many students who will be 669 

entering the college classroom in a few years will have been prepared on the basis of the NGSS, 670 

and will have a skill set and knowledge base that is based in those standards. Incorporating 671 

sustainability concepts as defined in the NGSS requires moving away from traditional textbooks, 672 

where Earth and human impacts may constitute a single chapter or a portion of a chapter, 673 

towards new curricular materials that focus on analyzing and interpreting real data in all of its 674 

complexity and placing that in the context of societal issues such as climate change.  675 

 676 

Other STEM disciplines have developed materials that incorporate sustainability ideas into 677 

undergraduate introductory courses, including chemistry (Mahaffy et al., 2014) and physics 678 

(Rogers et al., 2013). In the geosciences, InTeGrate has been working towards this same goal 679 

(McConnell et al., 2013) and has developed and tested curricular materials using a rubric-guided 680 

process. The rubric comprises six sections: guiding principles, learning objectives and outcomes, 681 

assessment and measurement, resources and materials, instructional strategies, and alignment. 682 

The guiding principles are unique to InTeGrate, while the other five sections are drawn from best 683 

practices in curriculum development (e.g. Cullen et al., 2012; Wiggins and McTighe, 2005). 684 

 685 

The guiding principles require that InTeGrate curricular materials: 686 

• Address one or more geoscience-related grand challenges facing society; 687 
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• Develop student ability to address interdisciplinary problems; 688 

• Improve student understanding of the nature and methods of geoscience and promote the 689 

development of geoscientific habits of mind; 690 

• Make use of authentic and credible geoscience data to learn central concepts in the 691 

context of geoscience methods of inquiry; and 692 

• Incorporate systems thinking. 693 

The guiding principles are well-aligned with disciplinary core ideas in Earth and space science as 694 

well as with the science and engineering practices (SEPs) and cross-cutting concepts (CCCs) 695 

within the NGSS (NGSS Lead States, 2013). A detailed alignment is provided in a Supplemental 696 

File, which shows that all of the practices and cross-cutting concepts at the high school level are 697 

represented in one or more of the guiding principles. It is worth noting that, in an analysis of the 698 

distribution of the SEPs throughout the NGSS, Kastens (2014) found that the practice of 699 

“Analyzing and Interpreting Data” is more common in the Earth and space science performance 700 

expectations than in the other disciplines, paralleling InTeGrate’s emphasis on making use of 701 

real geoscience data.  702 

 703 

These curricular resources are designed specifically to allow for adaption to local issues and 704 

settings—lack of adaptability has been cited as one barrier to widespread curriculum adoption 705 

(Ball and Cohen, 1996). Kastens and Turrin (2006) note that one advantage of state control over 706 

science standards allows for adaptability of general standards about sustainability to specific, 707 

state-wide or regional issues. Given that 80% of teachers credentialed in a given state also were 708 

enrolled in a teacher preparation program in that state (U.S. Department of Education, 2013), the 709 
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benefits of using locally-adapted curricula in the college classroom are leveraged, providing 710 

future teachers with robust examples they can take into their own classroom. 711 

 712 

Refocusing an introductory course to address sustainability concepts does not necessarily mean 713 

dropping content. Strategies employed in the InTeGrate materials that address traditional 714 

geoscience content using the guiding principles described above include shifting the focus from 715 

causes to consequences and connecting processes to people. 716 

 717 

Strategy 1: Shift the focus from causes to consequences 718 

In the most common introductory textbooks, chapters about mineral resources focus primarily on 719 

what mineral resources are useful, how and where mineral ores form, and occasionally how they 720 

are extracted (see, for example, Chapter 23 of Tarbuck et al., 2014). In other words, these texts 721 

focus on the causes for the distribution of resources. The module Human’s Dependence on 722 

Earth’s Mineral Resources (Bhattacharya et al., 2014) takes a different approach that emphasizes 723 

the economic and environmental impacts of mineral resource extraction, and how these impacts 724 

influence the value of a resource in combination with its geologic distribution. In other words, 725 

the focus of the InTeGrate module is on the consequences of mining. 726 

 727 

This strategy within this subject area aligns nicely with a high school-level performance 728 

expectation in the Earth and Human Activity DCI: Construct an explanation based on evidence 729 

for how the availability of natural resources, occurrence of natural hazards, and changes in 730 

climate have influenced human activity (NGSS Lead States, 2013). Within Unit 2 of the 731 

InTeGrate module, students develop and make use of concept maps to determine the causes and 732 
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consequences of boom-bust cycles in cobalt mining, then they analyze and explain trends in 733 

production and value graphs of rare-earth elements (REE). A component of that analysis requires 734 

learning more about how and where REE deposits form, but the focus of the activities is on the 735 

consequences of this distribution, not the causes.  736 

 737 

Strategy 2: Connect processes to people 738 

Rivers are another common topic in introductory geoscience courses, often including 739 

descriptions of landforms, sediment transport, and flooding (see, for example, Chapter 16 of 740 

Tarbuck et al., 2014). Typically, the focus is on the processes involved in how rivers shape the 741 

landscape. River processes have a profound effect on people, however, and people have done 742 

many things to modify natural river processes. The module Interactions between Water, Earth’s 743 

Surface, and Human Activity (DeBari et al., 2014) starts from this premise, focusing on flooding.  744 

 745 

In Unit 4, students analyze and interpret stream gauge data from the Cedar River and compare it 746 

to precipitation data from a nearby weather station. Using the stream gauge data, they calculate a 747 

flood recurrence interval, and discuss how floods in 1993 and 2008—only 15 years apart— 748 

could both be considered 500-year floods, and how FEMA incorporates this information into 749 

their hazard maps. As a final activity, they choose a river in their hometown, or a nearby stream, 750 

and develop an informational brochure to help local residents understand the hazards and risks 751 

associated with flooding on that river, and make recommendations for how residents can stay 752 

safe. In this way, the impact rivers have on people is directly tied to data analysis and developing 753 

an understanding of the processes involved in flooding. Because students relate stream-flow to 754 

precipitation and human construction (such as dams and levees), calculate flooding risk and 755 
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evaluate it in the context of a community, this activity aligns with another high school-level 756 

performance expectation in the Earth and Human Activity DCI: Use a computational 757 

representation to illustrate the relationships among Earth systems and how those relationships 758 

are being modified due to human activity. This unit is particularly adaptable to local 759 

environments, since stream gauge data is available for rivers across the United States.  760 

 761 

Conclusions 762 

The Earth science knowledge and skills embedded in the Next Generation Science Standards are 763 

substantially disconnected from the Earth science content and skills that future teachers are 764 

currently receiving. The primary means by which future teachers receive their Earth science 765 

content and skills are introductory-level, general education courses, indicating that these courses 766 

are of significant importance beyond simply recruiting students into the geoscience majors. 767 

Specifically, the concept of sustainability is embedded in the Earth and space science 768 

disciplinary area of the NGSS, but is often not addressed in post-secondary Earth science courses 769 

that future teachers are likely to take. 770 

 771 

Our results suggest that future teachers are primed for engagement with sustainability through 772 

their behaviors and connections to community. This opens the door to curricula that emphasize 773 

sustainability and human connections to Earth and the environment, and are easily adaptable to 774 

local and regional issues and circumstances. These new curricula need not abandon concepts 775 

typically taught in introductory geoscience courses, but reframing them in a way that places 776 

consequences and people in a more prominent role, rather than focusing on causes and processes. 777 

Rethinking introductory geoscience courses has benefits that go beyond future teachers, 778 
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however, and serve all students by helping them integrate their knowledge of Earth with 779 

societally-relevant issues. More work addressing how to help students develop systems thinking 780 

skills and other key concepts in sustainability would be of great benefit in this transition. 781 
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Tables 961 
 962 
Table 1. Percentages of practicing teachers who have taken at least one college course in various 963 
scientific disciplines with uncertainty shown in italics (after Banilower et al. (2013)). 964 
 965 

 Elementary Middle High 

Earth and/or space science 65 ± 2 75 ± 2 61 ± 2 
Environmental science 33 ± 2 57 ± 3 56 ± 1 
Life science 90 ± 1 96 ± 1 91 ± 1 
Chemistry 47 ± 2 72 ± 2 93 ± 1 
Physics 32 ± 2 61 ± 2 86 ± 1 

 966 
 967 
  968 
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Table 2. Analysis of chapter titles in common introductory textbooks. Bold numbers in right-969 
hand column indicate that the chapter including human impacts is the final chapter of the book. 970 

 971 
 972 
  973 

Title of textbook Publisher 

Total 
chap-
ters 

Chapters 
w/ human 
impacts Title of chapter 

Chapter 
number 

Earth: An Introduction to 
Physical Geology 

Pearson 24 1 Global climate change 21 

Essentials of Geology Pearson 20 1 Global climate change 20 
How Does Earth Work? Pearson 21 1 Global Warming: Real-time 

Change in the Earth System 
21 

Earth: Portrait of a Planet Norton 23 1 Global Change In The Earth 
System 

23 

Essentials of Geology Norton 21 1 Global Change In The Earth 
System 

21 

Exploring Geology McGraw-
Hill 

19 0 n/a n/a 

The Good Earth McGraw-
Hill 

17 1 Global change 17 

The Dynamic Earth Wiley 21 1 Climate and our Changing Planet 19 
Visualizing Geology Wiley 15 0 n/a n/a 



  42 

Table 3. Learning progression from the NGSS aligned with coding schemes. 974 
 975 
Grade 
band 

NGSS DCI:  
Human Impacts on Earth Systems 

Kastens and 
Turrin (2006) Hoffman and Barstow (2007) 

K–2 Things that people do to live comfortably can affect 
the world around them. But they can make choices 
that reduce their impacts on the land, water, air, 
and other living things. 

IàE1 Humanity utilizes Earth 
resources and causes both 
short-term and long-term 
impacts to Earth’s systems. 

3–5 Human activities in agriculture, industry, and 
everyday life have had major effects on the land, 
vegetation, streams, ocean, air, and even outer 
space. But individuals and communities are doing 
things to help protect Earth’s resources and 
environments. 

HàE2 Humanity utilizes Earth 
resources and causes both 
short-term and long-term 
impacts to Earth’s systems;  
It is important that people make 
scientifically informed and 
responsible decisions regarding 
the management of Earth’s 
resources and systems. 

Middle 
School 

Human activities have significantly altered the 
biosphere, sometimes damaging or destroying 
natural habitats and causing the extinction of other 
species. But changes to Earth’s environments can 
have different impacts (negative and positive) for 
different living things. 

HàE2 Humanity utilizes Earth 
resources and causes both 
short-term and long-term 
impacts to Earth’s systems. 

Typically as human populations and per-capita 
consumption of natural resources increase, so do 
the negative impacts on Earth unless the activities 
and technologies involved are engineered 
otherwise. 

EàH3 
HàE2 

Earth has finite resources; 
humanity utilizes Earth 
resources and causes both 
short-term and long-term 
impacts to Earth’s systems 

High 
School 

The sustainability of human societies and the 
biodiversity that supports them requires 
responsible management of natural resources. 

EàH3 
HàE2 

It is important that people make 
scientifically informed and 
responsible decisions regarding 
the management of Earth’s 
resources and systems 

Scientists and engineers can make major 
contributions by developing technologies that 
produce less pollution and waste and that preclude 
ecosystem degradation. 

HàE2 Space-age and other 21st 
century technologies can be 
used to study and model 
environmental changes 

1 Standard states or implies that the actions of individuals influence/affect/change the Earth or environment. 976 
2 Standard states or implies that human society influences/affects/changes the Earth or environment. 977 
3 Standard states or implies that Earth & environment influence or affect humanity OR standard states or implies 978 
that humanity is dependent on natural systems. 979 
  980 
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Table 4. Post-instruction essay questions and scoring rubrics. 981 
 982 
Topic Interdisciplinary problem solving Systems thinking 

Prompt Knowledge of Earth system interactions 
can influence how people make decisions 
about global challenges. Identify and 
describe a global challenge that society 
will likely face in the next 50 years. 
Explain how the science related to that 
challenge informs economic, social, 
and/or political decision making related to 
the global challenge you described. 

A systems thinker can identify a system (a natural system, a 
human system, a linked human/environment system), 
understand how that system can be divided into interacting 
parts, and recognize that changes in one part of the system 
will affect other parts of the system.  

1. Give an example of a real-world system and describe 
its parts.  

2. Explain how parts of the system interact. Use systems 
concepts in your explanation (e.g., positive and 
negative feedbacks, equilibrium, rates, etc.).  

3. Using your example system, discuss how an effect in 
one part of that system can be influenced by multiple 
causal factors. 

Rubric • 1 pt: Student correctly states and 
suitably describes a global challenge 

• 1 pt: Student correctly identifies and 
explains one or more scientific 
implications related to the problem 

• 1 pt: Student appropriately connects 
the science to economic, social and/or 
political decisions 

• 1 pt: Student response is constructed 
in a coherent and logical manner 

• 1 pt : Student correctly identifies and describes a real-
world system including its parts. 

• 1 pt: Student correctly describes how a change in one 
part of the system, in turn, alters other parts of the 
system. 

• 1 pt: Student correctly explains how parts of the system 
interact using systems concepts such as feedbacks, 
equilibrium, rates, etc. 

• 1 pt: Student describes how an effect can be influenced 
by multiple causal factors. 

  983 
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Table 5. InTeGrate modules and courses included in this study, the types of courses where they 984 
were pilot-tested, and the number of matched pre- and post-instruction IAI responses for each. 985 
 986 

Module 
Number of 
instructors Type of course 

Matched 
surveys 

 Soils, Systems, and Society 3 Elementary science methods 39* 

 Exploring Geoscience Methods 3 Secondary science methods 25* 

 Interactions Between Water, Earth's 
Surface, and Human Activity 

3 Introductory geoscience for pre-
service teachers 

41* 

 Environmental Justice and Freshwater 
Resources 

3 Introductory geoscience/Gen Ed 17 

 Environmental Justice and Freshwater 
Resources (Spanish version) 

1 Spanish language 16 

 Humans' Dependence on Mineral 
Resources 

4 Introductory geoscience/Gen Ed 98 

 Natural Hazards and Risks: Hurricanes 3 Introductory geoscience/Gen Ed 75 

 Living on the Edge 2 Introductory geoscience/Gen Ed 16 

 Climate of Change 12 Introductory geoscience/Gen Ed 493 

 A Growing Concern 3 Introductory geoscience/Gen Ed 27 

 Carbon, Climate, and Energy Resources  3 Introductory geoscience/Gen Ed 51 

 Cli-Fi: Climate Science in Literary Fiction 3 Multiple (English, Gen Ed)  43 
 Map your Hazards! 3 Multiple (Sociology, Gen Ed, 

Volcanology)  
56 

 Mapping the Environment with Sensory 
Perception 

3 Multiple (English, Gen Ed, 
honors) 

24 

  Water Sustainability in Cities 4 Upper-level geoscience and 
engineering 

30 

Course      
 Coastal Processes, Hazards and Society 3 General education 31 
 Water, Science, and Society 3 General education 20 
 Renewable Energy and Environmental 

Sustainability 
2 Introductory interdisciplinary  19 

 Critical Zone Science 2 Advanced interdisciplinary 4 

     Total 1125 
 * Course enrollment restricted to students in teacher preparation 

programs 
	 987 

  988 
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Table 6. Coding scheme 989 
 990 
Prompt, post-instruction only:  
As you think about your future, can you envision using what you have learned in this course to help society overcome 
problems of environmental degradation, natural resources limitations, or other environmental issues? 

Yes 82% 
ntotal = 923, nvery = 198 

No 16%  
ntotal = 183, nvery = 47 

Code 
If yes, how?  
Respondent states (ntotal = 846, nvery = 173): Code 

If no, why not?  
Respondent states (ntotal = 140, nvery = 30): 

Y1 Some knowledge or increase in knowledge 
about Earth gained from the course, but no 
stated action, not even talking. 

N1 Something about the course. Sub-codes: 
a. Course was too general 
b. Course was too specific 
c. No solutions were included 
d. Course didn’t provide motivation 
e. Other 

Y2 A plan to communicate with other people what 
respondent has learned (generally passive). 

N2 Something about their chosen field of study. 

Y3 A plan to try to influence others – a conscious 
attempt to influence behavior. 

N3 An inadequate feeling of empowerment: that it 
is up to others, or an impossible task, or too 
much for one person. 

Y4 A plan to incorporate into personal action. N4 No interest in doing anything 

Y5 A plan to incorporate intro professional life. 
Includes sub-codes for different professions: 
• T: Teacher at any level (K-16) 
• STEM: Profession within STEM 
• O: Other, non-STEM career 

N5 There is no room for more change in actions 

Y6 Something that doesn’t fit any of the categories, 
or doesn’t directly address the question. 

N6 Something unrelated or too general to code. 

 991 
  992 
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Figures 993 
 994 
 995 

 996 
 997 
Figure 1. Pie charts showing the gender of respondents in the very, somewhat, and not 998 
populations.  999 
 1000 
  1001 
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 1002 
 1003 

 1004 
 1005 
Figure 2. Pie charts showing the ethnicity of respondents in the very, somewhat, and not 1006 
populations.  1007 
  1008 
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 1009 
 1010 
 1011 

 1012 
 1013 
Figure 3. Histograms showing the year in college for the three sub-populations. The “very 1014 
interested” group is clearly further along in their undergraduate career than the other two groups.  1015 
 1016 
 1017 
 1018 
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 1019 
Figure 4. Sustainable activities indices for the three sub-populations, showing pre- and post values, 1020 
means, and statistical significance.  1021 
 1022 
  1023 
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 1024 
Figure 5. Student selections for factors that motivated their sustainable behaviors. The primary 1025 
difference between the three groups is the ranking of family and friends; in particular, family and 1026 
friends rank much higher as reasons in the very group compared to the other two groups.  1027 
 1028 
 1029 
 1030 
  1031 
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 1032 
Figure 6. (a) Histogram of coded responses for all 183 students who responded “no”; (b) histogram of 1033 
coded responses for the very group. 1034 
 1035 
 1036 
 1037 

 1038 
Figure 7. (a) Histogram of coded responses for all 923 students who responded “yes”; (b) histogram of 1039 
coded responses for the very group. 1040 


