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Abstract

:

Teacher education has a critical role to play as people around the world strive to reach the Sustainable Development goals. Education for sustainability (EfS) aims to motivate and prepare educators to create a more sustainable future through education. The purpose of this case study was to explore pre-service teachers’ changes in their values, sense of agency, consumption practices and motivation after participation in a required EfS course. Students were enrolled in a hybrid course that conveyed content through digital stories followed by reflections, in-class discussions and activities. Ninety-one undergraduate students completed pre- and post-course surveys. Students reported significant changes in their beliefs about the relevance of sustainability education, attitudes toward sustainable development, self-efficacy, locus of control and sustainable consumption practices. Qualitative analysis of an open-ended question served to triangulate quantitative findings. Results support the need and potential for EfS courses for educators, particularly in the United States where such courses are not typically required or even offered at most universities.
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1. Introduction


Every person on the planet must work together to ensure a healthy and habitable biosphere for future generations—not just for humans, but for all species. Education provides a critical link between scientific knowledge and societal change [1,2,3,4,5]. Specifically, education for sustainability (EfS) aims to motivate and empower learners with the knowledge, skills and values needed to create a more sustainable future [3,5]. Education, and teacher education in particular, has a critical role to play in leading society toward a more sustainable way of life [2,3,6,7,8]. The Sustainable Development Goals outline a broad agenda for change, including specific goals for education [9]. Educators at all levels serve as the primary change agents in society, and they must be prepared and motivated to lead systemic shifts that ripple out into the world. This work begins by building an increased awareness and knowledge of how daily actions and purchasing decisions have broader systemic impacts. However, most educators are not prepared when it comes to sustainability, and typically are not required to take course in EfS as part of their teacher education program [10,11,12,13,14,15,16,17,18,19].



1.1. Education for Sustainability


The field of environmental education (EE) provided a rich foundation for EfS, emphasizing a deep understanding of and connection to the natural world, and bringing awareness to the impacts of humans on natural systems as well as concerns for environmental justice [20]. Prior work in the field of teacher education has focused on fostering environmental literacy, or the knowledge, skills, and dispositions that lead toward environmentally responsible behaviors [14,19,21,22]. EfS is an emerging field that focuses primarily on ensuring that future generations have the resources they need to thrive, with a strong emphasis on critical thinking [3,6,8,23].



To prepare teacher educators to meet the goals of EfS, institutions of higher education must include content specific to EfS and embrace pedagogies that help foster values and critical thinking skills needed to motivate action [17,24,25,26,27]. While EfS is becoming more prominent in teacher education programs around the world [5], it is relatively uncommon in programs across the United States [27]. Some programs may address education about sustainability, but it is important to note the distinction. Education about sustainability is focused on providing information about topics such as the causes and impacts of climate change, energy sources and their limitations, and biodiversity loss [28]. This knowledge is a first step in fostering sustainability since it allows people to make more informed decisions. Education for sustainability (EfS) builds on this knowledge and also promote values, thinking skills, and dispositions that may lead to engagement in building a more just and sustainable future [29,30,31]. An overarching goal of EfS is to develop a sustainability worldview, “a way of seeing and interacting with the world through the lens of sustainability” [31] (p. 58). According to Nolet, a sustainability worldview encompasses knowledge (an understanding of big ideas such as respect for limits and equity and justice), values (beliefs about what is important and meaningful), dispositions (tendency to act or think in certain ways), and agency (a feeling that one can enact positive change through choices and actions) [31]. The current study explores changes in values, sense of agency, consumption practices, and motivation among pre-service teachers over the course of a semester. Students were enrolled in a required EfS course where new ways of thinking are introduced, to foster critical thinking.



The Role of Motivation in EfS


A sustainability worldview is not a destination, but a journey. Affective domains of values, agency, and motivation are critical elements of education for sustainability to study and understand better, since knowledge alone does not often translate to actions [13,14,22,32]. Individuals have fundamental needs for sense of agency, feelings of competence or capability, and relatedness (connection to others). Learning environments can be designed that fulfill these needs [33]. When these needs are met, people are intrinsically motivated to learn and act [34,35]. Intrinsic motivation is “the inherent tendency to seek out novelty and challenges, to extend and exercise one’s capacities, to explore, and to learn” [35] (p. 70). Applied to the field of teacher education, cognitive evaluation theory suggests that teachers who feel competent and have a sense of agency will have authentic or intrinsic motivation and be more likely to persist and succeed in EfS in their classrooms [33]. Thus, fostering intrinsic motivation is critical. We extend prior work that highlights motivation and agency as essential goals of EfS by categorizing pre-service teachers’ reasons for motivation from their open-ended responses [22,32,36].





1.2. Impacts of EfS and EE in Teacher Education


Each course in EfS or EE is unique in its topics, pedagogical approaches, and outcomes. Teacher education researchers have often used surveys to assess student changes over the course of a semester or program [10,22,32]. For example, a group of researchers found that pre-service teachers in Australia who had participated in a 13-week EE unit reported feeling more confident about teaching EE, had more pedagogical content knowledge, and were motivated to teach about the environment [22]. Similarly, a group of early childhood and primary education majors improved in their EfS self-efficacy, interest, and familiarity with sustainability issues, and recognized EfS to be relevant to their teaching and learning after course participation [32]. However, attitudes toward sustainability issues did not change. Another study of pre-service teachers who took a required course in EfS found that students conceptualized sustainability with more complexity and gained skills in systems thinking over the course of the semester [37]. Thus, prior work has shown that knowledge, awareness, feelings of relevance about sustainability, and teaching efficacy are possible to change through course work. However, values toward sustainability or individual behaviors may be more difficult to change [22,32].




1.3. A Framework for Teachers


EfS courses should aim to help students develop sustainability competencies that empower and motivate them to be active and engaged citizens who examine society with a critical eye, evaluating existing institutions, policies and systems through a lens of sustainability [26,38]. The Sustainability Education Framework for Teachers provides a framework for analyzing and considering sustainability topics, problems, and solutions through a networked approach that includes four ways of thinking: futures, values, systems and strategic. The framework targets key EfS competencies and was designed to help educators and students understand the complexity of societal problems, engage with issues, and imagine and create solutions [23,39]. Each component of the framework is described below.



Futures thinking allows for anticipatory approaches and adaptively preparing for future changes, problems, and solutions [23,40]. Futures thinking integrates the ability to think imaginatively about the future and calls for review of how past decisions led to current conditions [41]. Values thinking focuses on recognizing the role of personal values in individual and collective decision making and encompasses concepts of justice, equity, social–ecological integrity, and ethics. Values thinking includes understanding how these concepts vary across and within cultures, and how integrating these concepts contributes to solving sustainability problems more holistically [42,43]. Systems thinking represents a configuration of parts connected and joined together by a web of relationships, flows, and networks, some of which might not be readily transparent or set on normalized time or space scales. Systems thinking is non-linear, and cause and effect networks might not be linked or connected with simple step-by-step chains [44]. Finally, strategic thinking considers possible solutions under a given set of assumptions, articulating potential alternative solutions, and challenging existing plans, assumptions, and alternatives. New solutions might be appropriate, and should be explored after reviewing the big picture (e.g., overall themes, trends, goals) in light of specific, local challenges [45]. These four ways of thinking can be used to address EfS in the classroom and can be implemented in conjunction with one another, sequenced, or used individually. Together, they comprise the Sustainability Education Framework for Teachers which guided course development.




1.4. Research Aim and Questions


A team of scientists and educators at Arizona State University (ASU) developed a required course for preservice educators with the goals and best practices for EfS in mind. In this case study, future teachers who were students in a semester-long, hybrid course were surveyed using a pre-post survey design. The following research questions guided our work:

	(1)

	
To what extent did students’ values, motivation, sense of agency, and/or consumption practices shift over the course of the semester?




	(2)

	
In what ways did the course motivate students to include EfS in their teaching?











2. Methods


This descriptive case study [46] reports results from a paired pre-post survey of pre-service teachers who were enrolled in a course called Sustainability Science for Teachers.



The survey was administered before the start of the semester in January and in May after course completion. Responses to an open-ended question were used to extend and explain results from quantitative analyses.



2.1. Participants


Participants were students who were pre-service elementary teachers in their third year of a four-year undergraduate degree program at ASU. They enrolled in one of four sections of the required fifteen-week course. Out of the 110 enrolled in the course, 105 consented to participate in the study. Results from 91 students (87%), who completed both surveys and consented to participate in our research study, are described below. Seventy-six students responded to the open-ended question. Students were 88% female, 12% male, 53% white, 30% Hispanic or Latino/a, 6% Asian, 3% Native American, 1% Native Hawaiian or Pacific Islander, 1% Arab, 3% mixed race, and 2% African American. Three instructors (two males and one female) taught the course, with the lead author teaching two of the four sections.




2.2. Context


The three credit, fifteen-week course, Sustainability Science for Teachers, was designed by an interdisciplinary team of scientists, educators, and design professionals. It was geared toward preparing elementary teachers to address sustainability endeavors with their future students leading to clear solutions linked to improving human health and well-being while reducing human exploitation of natural resources. The goal of the course was to develop sustainability literacy among preservice teachers by providing much needed EfS content knowledge as well as related pedagogical content knowledge [47]. The course used a flipped learning approach; the content was shared in the online portion through the use of digital stories that integrated vivid images and sounds along with rich narrative and compelling case studies [48]. Students watched videos related to the weekly topics, and then came to class for 75 min each week to debrief and learn pedagogical strategies to integrate the content into their future teaching. All instructors used the same the online content, were provided with weekly lesson plans, and met monthly to discuss pedagogical strategies.



The following topics were addressed during the semester: population, poverty, food, water, fossil fuels, new energy, ecosystem services, production, disposal, and governance. Through exploration of the topics, pre-service teachers learned about sustainability concepts, developed EfS competencies, and engaged with various pedagogical approaches to foster their ability to effectively teach EfS in the K-8 settings. Pre-service teachers’ roles both as citizens who can advocate for needed changes in society as well as their future role as sustainability educators were highlighted. Lessons varied each week, and included: a needs and wants cart sorting task; a philosophical chair debate on ecosystem services, a renew-a-bead activity where students graphed and reflected on diminishing nonrenewable resources over time; a systems thinking activity where students mapped out all of the inputs, outputs and components of the food system needed to produce a hotdog; an activity related to water systems where students could select different modes (visual, kinesthetic, music) to represent their knowledge from videos; an wind turbine engineering design challenge; small group discussion and lesson design activities. The final project for the course consisted of a student-designed digital artifact that represents a five-day unit on a sustainability topic of their choice. As previously described, four ways of thinking—strategic, futures, values and systems —provided an overarching framework for engaging with the course content. These critical thinking skills helped students think deeply about the content from a variety of perspectives, enabling them to imagine various scenarios for the future based on decisions made in the past and present, and to analyze systems to strategize the best levers of change in society.




2.3. Measures


A survey was developed to assess student changes in values, sense of agency, motivation and consumption practices. Our survey combined constructs from existing measures in EE or EfS in order to fully understand student changes (or absence of change) over the course of a semester. Values for sustainability was assessed using two subscales: perceived relevance of sustainability education (6 questions) and feelings of responsibility for sustainability development (7 questions). Sense of agency was assessed using three subscales: 5 questions about teaching efficacy, 5 questions about locus of control, and 1 question about changes needed in society. Sustainable consumption practices were assessed with 7 questions, and motivation was assessed with 2 questions—1 open-ended and one Likert-scale item. Each of the subscales and related items are described below.



2.3.1. Perceived Relevance of Sustainability Education


The survey included 6 items from a measure developed by Tomas, Girgenti, and Jackson [32]. Likert scale response options ranged from strongly disagree (1) to strongly agree (4). For example, students were asked to rate their level of agreement with statements such as: “It is important to include education for sustainability in my future classroom practice.”




2.3.2. Responsibility for Sustainable Development


An internationally validated scale from the Programme for International Student Assessment (PISA) science survey [49] was used to assess students’ responsibility for sustainable development. PISA survey items have been internationally validated and used in prior studies of preservice teachers. Students responded to seven questions on a 4-point Likert scale from strongly disagree to strongly agree. Items were focused on students’ beliefs about whether laws and policies should be changed to favor sustainable development. One statement asked students to evaluate the extent to which “Electricity should be produced from renewable sources as much as possible, even if this increases costs.”




2.3.3. Education for Sustainability Self-Efficacy


Five questions were selected from a measure developed by Tomas et al. [32] and were rated on a 4-point scale as follows: (1) I couldn’t do this, (2) I would struggle to do this on my own, (3) I could do this with a bit of effort, (4) I could do this easily. The questions assessed students’ perceptions of their ability to understand, teach about, and take action on environmental issues. For example, students were asked if they could identify the science that underlies a newspaper report on an environmental issue or bring about an improvement in the environment, if only in a small way, through their skills and knowledge.




2.3.4. Locus of Control


Students responded to five items from a study by Yavetz et al. [19] that assessed students’ internal locus of control, or a person’s belief in his/her ability to bring about environmental change through individual actions [50,51]. The responses used a 5-point Likert scale from strongly disagree to strongly agree. One item in this category was “I believe I can contribute to a more sustainable world through my personal behavior.” In addition, there were three reverse-coded items such as, “There’s no use trying to influence my family or friends on sustainability issues.”




2.3.5. Changes Needed in Society


Pre-service teachers responded to one question that was modified from a survey instrument created by Kennelly, Taylor, and Maxwell [22] concerning future vision for society. They were asked, “Which of the following do you believe will be necessary to achieve significant improvements in society? Please check all that you think are applicable.” Response options included government regulation, personal lifestyle changes, communities working together, and a radical restructuring of society.




2.3.6. Sustainable Consumption Practices


Seven questions were focused on individual consumption practices related to sustainability. These questions came from an unpublished sustainability literacy administered at ASU. Pre-service teachers noted the frequency with which they engaged in specific behaviors, such as recycling, choosing food based on its impacts, and conserving water, using a 4-point Likert scale (never, rarely, usually, always).




2.3.7. Motivation


We added 2 questions about motivation to the post survey after reflecting on the course and pre-survey as well as listening to students discuss their motivation throughout the semester. Questions that were asked included: “Rate your desire to include sustainability education in your future classroom” (very strong, strong, medium, weak, very weak) [22] and “In what way(s), if any, has learning about sustainability education altered your motivation to include it in your teaching?”





2.4. Data Analyses


Survey results were downloaded from the online survey tool into an SPSS file. Negatively worded items were reverse coded, and mean scores were computed for each scale. Cronbach’s alpha was computed to assess internal consistency for each scale. Internal consistency for all scales at both time points was adequate, ranging from 0.73 to 0.95. These results are reported below in Table 1. Dependent sample t tests were conducted to determine differences from pre- to post-survey for all Likert scale items. Cohen’s d was calculated for each difference, to better understand the magnitude of the effects [52]. For the results in Table 2, Cohen’s metrics for size of effects are reported to indicate whether an effect is small (0.2), medium (0.5) or large (0.8) [53].



Thematic analyses were used to characterize responses to the open-ended survey question. In the first phase of analyses, all authors read and open coded student responses, then met to discuss and define codes. Next, the first and second authors independently coded all data using these original codes, while also continuing to explore new themes that were identified inductively from the data [54]. Themes were condensed as needed. Next, a final codebook with definitions was created within Dedoose, an online data analysis software. and systematic deductive coding was then completed. Each individual student comment was treated as a unit of analysis, and several comments were coded with multiple themes. A final verification of the assigned codes occurred when the authors met to review each set of excerpts by code. Peer debriefing occurred throughout our analytic process as we reviewed data and summaries from Dedoose, discussed and refined code definitions, and selected the excerpts and categories that best characterized students’ responses. Responses are summarized below.





3. Results


Students made positive, significant gains in their sustainability-oriented values, agency, consumption practices, and motivation (Table 2). Responses from the open-ended question provided further insights about students’ values for sustainability and sustainability education, beliefs about the importance of sustainability and EfS, sense of responsibility, pedagogical skills, sense of agency, and increased knowledge and awareness. While the open-ended question asked students about whether learning about sustainability education motivated them to include EfS in their future teaching, their responses touched on a range of factors. For this reason, the open-ended question comments are reported by theme along with the quantitative survey results with which they most closely aligned. Table 3 displays summarizes qualitative comments by theme and frequency.



3.1. Values for Sustainability and Sustainability Education


Students indicated in a variety of ways that felt sustainability topics are important to learn and teach about. They made significant changes in the extent to which they perceived sustainability education as relevant in their classrooms, t(91) = 4.20. The changes showed a medium-sized effect, d = 0.55. Twenty participants talked about how important sustainability topics are in society and in their future classrooms. A typical response was: “The course has just showed me how important this topic is right now and how much we need it.” Ten stressed the importance of EfS for young children. For example, one student said, “I learned that sustainability is so important to teach to young students because they still have time to make changes and start early on it.” Three noted that EfS was surprisingly absent in their past schooling, for example: “I had never thought about integrating sustainability topics into my future classroom (just because nobody really does it and the idea has never been mentioned to me before) and now I cannot imagine my future classroom with the incorporation of sustainability topics.”




3.2. Sense of Responsibility


Students also made significant gains in their levels of responsibility for sustainable development t(90) = 2.77. Reported changes showed medium effects, Cohen’s d = 0.40. Responses to the open-ended question indicated that students were motivated to take action to help improve society and/or the planet. Four students indicated the importance of individual responsibility. For example, one student noted, “It has motivated me to become more involved as a citizen.” Nine students mentioned that they felt a desire to educate for sustainability. A typical response was, “Yes, I want my students to be educated citizens and do their part in saving the world.” Four students communicated a sense of urgency to educate for sustainability. One said, “It is extremely important to be teaching students these issues that are happening every day.”




3.3. Sense of Agency


Significant, positive changes in students EfS self-efficacy were reported, t(91) = 10.90. The magnitude of the change was large, Cohen’s d = 1.47. At the beginning of the semester, most students did not feel confident in their ability to do things such as interpret scientific information on a website about climate change or educate others about sustainability issues. By the end of the semester, students were much more confident in their abilities.




3.4. Pedagogical Skills


Twenty-one students described different ways that they felt prepared to teach about sustainability. A student noted, “It has increased my motivation because I have been given time to think about how I could incorporate this into my classroom and resources that I can use to help me more effectively teach this in the classroom.” Twelve mentioned integrating sustainability education across the curriculum. For example, “It made me realize that I can incorporate sustainability in any subject.”




3.5. Locus of Control


Students reported significantly higher locus of control for enacting change after course participation, t(91) = 4.02, Cohen’s d = 0.43. Students felt that their actions could make a difference more after taking the class than before the class.



Twelve students elaborated on their sense of agency that they can enact positive changes through choices and actions [31]. Two described how they could make a difference through individual actions. One student stated, “I’ve learned that my personal choices make a huge difference, whether through buying power or protesting.” Ten described ways they could make positive changes through their teaching. A student expressed a strong sense of agency about the impact she can have through education stating, “If we educate them on how much their habits can impact the environment from a young age, then the positive impact it could have is limitless.” Another student said, “A simple discussion can make all the difference.”



One of the strongest transformations described by a student captured several themes from our analyses, and showed a strong belief that she can enact change through her teaching:



It has completely changed my outlook on sustainability education. I can’t remember a single instance in elementary school where I was taught based on sustainability. I personally thought that it was a waste of time to even bring this sort of educational topic in the classroom but I have personal experience of how proper education in this subject matter can change outlooks and preconceived notions. I can influence the future generations to not only care for the planet better than their parents but also become problem solvers for the very scary issues facing the environment today.



Students were asked to indicate which actions they thought would be needed to achieve significant improvements in society. They were able to select one or more choices for actions (Table 4). Significant changes were not found in the overall number of responses that students selected, t(91) = 0. However, the number of students who chose each response slightly differed from pre to post survey. Over 90% of students selected personal lifestyle changes and communities working together in both the pre-and post-survey. Four more students selected personal lifestyle changes in the post-survey, while three fewer students selected communities working together in the post-survey. Seventy-seven percent of students selected government regulation in the pre- and post-survey (77%), and 40% selected a radical restructuring of society in the pre-survey, and one less in the post-survey (38%).




3.6. Sustainable Consumption Practices


Students reported a higher use of sustainable consumption practices at the end of the course than at the beginning t(87) = 3.96. d = 0.41 (Table 2). Changes in individual practices were analyzed to explore results further. Significant changes occurred in the following practices: choosing food conscientiously based on its impacts, t(85) = 4.31, conserving water, t(87) = 4.32, minimizing purchases that are not environmentally friendly, t(86) = 3.30 and conserving energy, t(86) = 2.29. Statistically significant changes were not reported for the use of alternative transportation, recycling, and minimization of waste generated. Recycling was the most prevalent practice reported at the beginning of the semester, suggesting less room for growth in this area.




3.7. Motivation


After the course, students were asked about their desire to include sustainability education in their future classrooms. Of the 90 students who responded, 51% of students (n = 46) reported a very strong desire, 32% reported a strong desire (n = 29), 15% reported a medium desire (n = 14), and 1% (n = 1) reported a weak desire. Most of the student responses to the open-ended question, summarized above and in Table 2, highlighted the variety of reasons why students were motivated to include sustainability education in their future classrooms. However, qualitative responses from two students describe a lack of motivation for sustainability education. One student said, “I know that one day this world is going to end because of what the bible says. If God created this world, then man shouldn’t be worried because God controls everything, we don’t.”




3.8. Knowledge and Awareness


Students’ levels of knowledge or awareness about sustainability concepts were not directly assessed in the survey. However, 12 students mentioned they were more knowledgeable and aware about sustainability concepts. Students made statements such as, “Learning about sustainability has given me more knowledge about the subject which has motivated me to want to include it in my teaching.” A different student said, “I feel like I know enough to teach sustainability in every subject taught in my class. Before this class, I was not comfortable because I did not have the knowledge, but now that I do I really want to teach my students what I now know.” Some students focused more on increased awareness than knowledge, for example: “I became more aware of other issues that were also important to teach to students.”





4. Discussion


David Orr [55] has emphasized that “the crisis we face is first and foremost one of mind, perception and values” (p. 27). In this statement, Orr reminds us that the changes needed in society today require more than just knowledge; they necessitate different ways of thinking and being in the world. Pre-service teachers reported significant changes in their perceptions, values and practices over the course of the semester, with effect sizes ranging from 0.40 to 1.47. This hybrid course, which includes weekly online digital stories with reflections, in-class discussions and activities, is a useful format for others to consider as they design EfS courses. This case study contributes to the body of work focused on preparation of teachers as sustainability change agents in society. In the section below, we highlight how these changes were similar to or different from related studies of EfS for pre-service teachers.



4.1. Value for Sustainability


Most participants in the current study felt that EfS was relevant and important for their students by the end of the semester. In another study, pre-service teachers in Australia typically started out high in the perceived relevance of EfS, and shifted in two of six areas [32]. However, students in that course did not change their attitudes towards sustainability issues. Effect sizes were not reported in that study for comparison. Goldman et al. found that Israeli students from teacher education colleges who majored in environmental fields reported positive changes in environmental knowledge and behaviors, but did not show positive changes in their values for nature or locus of control over the course of their undergraduate studies [56]. The authors suggested that students’ knowledge may be incomplete, and they may have lacked an understanding of “the importance of biodiversity and ecological integrity to human welfare” (p. 378). Together, prior studies suggest that attitudes about responsibility for sustainable development may require a depth of understanding that may be difficulty to attain without intensive and deliberate intervention. Future studies should report effect sizes for comparison between different contexts.




4.2. Agency


At the end of the course, students felt capable as sustainability educators, and empowered their teaching would make a difference in society. According to Didham and Ofei-Manu [57], “Teachers’ agency is a dynamic catalyst in effecting social change through schooling” (p. 100). Agency is a key driver of motivation [35] and a critical ingredient for educators in the current educational landscape [32]. The effect size for EfS efficacy was particularly large (d = 1.47). Students’ qualitative comments provided insight into their increased confidence. One student articulated that she was given time to think about how to incorporate sustainability into their teaching and resources for how to do this. Many mentioned that they felt capable of teaching sustainability across the curriculum. Throughout the semester, we included assignments that had students apply knowledge of course concepts to classroom settings. For example, they were asked to describe a short lesson that might incorporate a way of thinking or concept into a lesson in a specific grade level or subject. Students were also asked to create a digital artifact which included an instructional unit for a specific topic and grade level as a final assessment. These experiences to plan activities for themselves may have contributed to their increased sense of efficacy.




4.3. Changes Needed in Society


Unfortunately, students did not change considerably in the actions they felt were needed to make positive societal changes in the future. Ideally, students would recognize that ALL of the suggested changes are needed to sustain the planet and humanity in the future. It was surprising to see that three fewer students felt that communities working together was needed for societal change in the post-survey, when many had highlighted the important role of education in societal change through their open-ended responses. Students should recognize that beyond individual and community actions, large-scale systems and policies are a critical part of the solution to challenges such as climate change and deforestation. Future researchers who use the survey question designed by Kennelly et al. [22] should consider adding “restructuring the education system to emphasize education for sustainability” as another option for students to select, which would recognize the role of education in societal transformation. Reflecting on results from this survey motivated our instructor team to design a module on civic engagement, which emphasizes the importance of changes in government and communities as well as the restructuring of society to help address sustainability issues.




4.4. Individual Consumption Practices


Students reported significant positive changes in consciousness about food purchases and energy and water conservation. Consumption practices are often seen as a primary goal of environmental and sustainability education programs, yet are often difficult to change through intervention [10,21,30,58]. Providing students with tangible steps for enacting change, both individually and through education, may have empowered students. For example, after calculating their ecological footprint, students made lists of specific changes they could make in their lifestyles to reduce their carbon footprint. We recently extended this assignment to have them reflect on which changes were most feasible for them personally, and why.




4.5. Motivation


Students’ levels of motivation in the present study were similar to findings of Kennelly et al. [22] who reported that 87% of students had a very strong or strong desire to include sustainability in their classroom at the end of the course. Consistent with cognitive evaluation theory, motivation is an important driver that will help pre-service teachers persist in teaching and learning about EfS as they enter classrooms in the future [33]. As a result of the course, student motivation with respect to EfS was increased, and this finding highlights the importance of having a required course focused on sustainability for future teachers.



It is important to note, however, that two participants mentioned a lack of motivation, one of whom articulated religious reasons. For these students, the course was not transformative. Perhaps the ideas and beliefs discussed in class were too far from deeply held views. We continue to meet monthly as a team of instructors, to reflect on and improve the course, including ways to encourage diverse perspectives in class discussions. Prior work has shown that collaborative curriculum planning for EfS can help instructors reflect on and improve their teaching [59].




4.6. Limitations


As with any research, there are certain limitations to the current study. We did not have a control group, which would have strengthened the research design. In addition, any changes over the course of the semester may have inputs from a variety of individual and societal contexts, or other courses. However, most students mentioned this course specifically in their comments about motivation. Self-reported changes in sustainable consumption practices are subject to scrutiny and may not necessarily reflect long-term, meaningful changes. This presents an opportunity to follow up with course alumni to ask them about their current sustainability practices and what impact, if any, the course continues to have on their everyday lives. Because we recognize that people often over-report socially desirable behaviors in social science research [60], we made an effort to reduce the potential for desirability bias by using self-administered surveys instead of conducting interviews, and by assuring students of confidentiality in reporting the results.




4.7. Implications


ASU is a unique context to implement sustainability education into the curriculum for preservice teachers. Many university-wide initiatives are discussed in class and are considered through assignments so that students are aware that sustainability is part of a broader conversation at the university. This gives credibility to the ideas discussed in class and helps students see the relevance of these initiatives and actions.



How might a college course play a role in sparking the changes described here? Some of the course elements that may have prompted changes include digital stories, introducing ways of thinking that foster critical thinking, assignments that asked students to reflect on their sustainable consumption practices, and modeling of effective pedagogies. Carefully designed digital stories provided content knowledge and local and global case studies focused on sustainability challenges from economic, social, and environmental perspectives. Each week, students use different ways of thinking to think critically about the human-designed systems around them, with a sustainability lens. Finally, instructors modeled pedagogies such as philosophical chairs discussions, diagrammatic mapping of food systems and read-aloud texts that spark discussions about sustainability concepts. Seeing these pedagogies modeled may have contributed to students’ beliefs that they were capable of leading similar activities in the future.



Nolet [31] suggested that development of a sustainability worldview help us “begin to see that even small changes in our own thinking and behavior can matter profoundly for our own well-being as well as that of others now and in the future” (p. 63). The significant changes reported here suggest an emergent sustainability worldview. These shifts must come from within, as students assimilate new information, reflect on their own lives and priorities, and consider the role they want to play in society and as part of the natural environment. As a sustainability worldview emerges, along with a strong sense of agency and motivation, the hope is that pre-service teachers will persist and become successful change agents in society. A sustainability worldview embodies the four pillars of learning outlined in UNESCO’s Delors Report: learning to know (content knowledge and motivation to learn more), learning to do (to be effective educators), learning to be (sustainable consumption practices and a sense of responsibility), and learning to live together (an ongoing challenge in this complex world) [61].



As teacher educators, we are critically aware that teachers face many obstacles to EfS once they enter the profession, and will need supports from peers, principals and community members in their work ahead [62]. Further longitudinal work is needed to explore the extent to which the changes described here are short-term, or whether the values, sense of agency, motivation and behavioral shifts described here remain or diminish over time. Also, follow-up interviews and surveys could yield insight into individual differences in trajectories.



Many other researchers have called for innovative higher education curricula that foster interdisciplinary thinking, a sense of agency and a “planetary consciousness” [38] (p. 387), [25,31]. Such programs and pedagogies are desperately needed in order to optimize the role of education in meeting the sustainability challenges described by the Sustainable Development Goals [9]. The current study provides evidence that significant change related to EfS can occur through education, in courses with effective pedagogy and sufficient intensity or duration such as the semester-long course described. Teacher educators should continue to advocate for required courses in EfS. Nolet’s articulation of a sustainability worldview is visionary, albeit somewhat daunting in the present educational landscape. Educators must hold the tension of our current neoliberal education systems alongside our values for EfS and supporting educators’ sense of agency. Teacher educators can help learners develop a sustainability worldview through transformative pedagogy. And through education, these future teachers will play a critical role in transforming society.
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