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Abstract

:

In an effort to suggest an extended role that art could play in promoting a pro-ecological worldview, this study reviews a two-week artist-led workshop, organized as part of an undergraduate art course offered by a university specializing in engineering and the natural sciences. To explore the potential impact of studio work on engineering student perceptions, we collected data from multiple sources, including field notes, participant observations, outcomes of the group projects, and participants’ responses to studio work during the workshop. In particular, to provide educational implications, our review focused on the findings from post-project surveys collected through online questionnaires and in-person interviews. In order to make suggestions on art courses that are specifically designed to cultivate engineering students’ perceptions of the environment, we carried out online surveys based on the New Ecological Paradigm (NEP) scale. The results of the NEP-based surveys indicated that engineering students’ anti-anthropocentrism, rejection of human exceptionalism, and acknowledgement of the possibility of an eco-crisis were significantly correlated with a belief in public welfare. By comparison, respondents’ stronger public welfare beliefs were not associated with beliefs in limits to growth and the fragility of nature’s balance. This study responds to today’s complex socio-environmental issues by contributing to the discussion about the need to integrate interdisciplinary approaches into engineering education on environmental sustainability.
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1. Introduction


The increasingly challenging environmental issues of our time demand that we make fundamental changes to our sociocultural practices. In questioning traditional technocentric approaches to contemporary environmental issues, critics have stressed the need for holistic approaches that do not dismiss the role of art in the dissemination of scientific information and incorporate diverse perspectives from multiple disciplines [1,2,3]. In particular, public outreach and education have been addressed as avenues to increase support for collective behavioral change [1,3,4]. Criticism over conventional environmental education includes “an attitude of emotional detachment from nature” and “the limited scope and perspective of environmental education in general” [5] (p. 13). For problems in the traditional and measurable result-oriented learning system of environmental education [6], educational researchers have examined how the arts can help individuals to engage with ecological issues, communicate their environmental concerns, and propose creative solutions to environmental challenges, expanding the way in which they approach scientific practices [7,8].



Among the empirical studies that have explored the potential of art in various educational settings, Savva, Trims, and Zachariou [9] demonstrated that artistic activities increased their participants’ emotional engagement and promoted environmental awareness. In a study conducted by Jacobson et al. [3], the learning outcomes of an interdisciplinary fieldtrip to a remote marine lab for graduate students from fine arts and natural resource science departments were examined. The authors discovered that the interdisciplinary setting increased student interest and motivation. Moreover, the integrated approach helped to establish emotional connections, stimulate new dialogue, and led to more creative problem-solving amongst the participants. These previous educational discussions suggest that integrated art projects carry the potential to contribute to a pro-ecological view amongst learners. Nevertheless, art projects and environmental awareness have rarely been discussed in tandem during efforts to educate engineering students whose products, knowledge, and belief systems clearly impact environmental sustainability. Although interdisciplinary programs for engineering students have often included liberal arts and ethics, discussions about hands-on experiences with works of art remain scarce [10,11]. Indeed, while several previous studies have measured engineering students’ ecocentric orientation following interdisciplinary education, none have discussed the ways in which art influences these factors [12,13].



Aiming to provide a viable solution that can connect engineering education to the multilateral aspects of ecological values, this study reviews a two-week artist-led workshop, organized as part of an undergraduate art course offered by a university specializing in engineering and the natural sciences. The study was conducted as a form of practitioner inquiry, whereby practitioners play the role of knowledge generators. One particular benefit of this approach is that it is conducted by inquiry-oriented classroom practitioners, meaning that their “theories and knowledge are generated from research grounded in the realities of educational practice” [14] (p. 4). To explore the potential impact of studio work on student perceptions, the workshop was carefully designed to create a lively art experience that would have students work with two practicing artists experienced at developing ecological art projects. During the workshop we collected data from multiple sources, including field notes, participant observations, outcomes of the group project, and participants’ responses to studio work collected using an online questionnaire and in-person interviews. The study outcomes are organized into two parts: (1) descriptions of the studio project development and its outcomes; and (2) reviews of the findings from the participants’ response to studio work.




2. Development of the Studio Project


The workshop was organized and carried out for three weeks in the fall of 2019. In conjunction with an environmental topic included in a required art course, the workshop aimed to provide a unique learning experience of exploring diverse ideas and practices in the visual arts to undergraduate engineering majors. Because most students entered the course with little art experience, the course was structured to provide them with thorough background knowledge on the subject before the beginning of the final studio project. The workshop consisted of four sequential sessions: (1) a warm-up session that provided video clips and reading materials intended to enhance students’ understanding of the art practices that take place in nature; (2) a follow-up class session that reviewed the characteristics of diverse artistic approaches to the environment and discussed the meanings and values of ecological art practices; (3) three studio work sessions where students worked in groups to develop their own projects in connection to the ecological ideas and works of two invited artists; and (4) two sessions allocated for final group presentations and the installation of project outcomes in the exhibition hall.



2.1. Visiting Artists for Studio Projects


Each group’s studio projects were designed to fit with the ecological art projects that had been developed by artists Seung-Kyun Lim and Soonim Kim while they participated in the Science-Art Residency Program a year before the workshop. The residency program was organized in conjunction with Science Walden, an interdisciplinary research project aimed at building an ecologically sustainable community operated by a renewable energy resource-based economic system. During the four-week residency, the artists lived and worked in the Science Cabin, an on campus residential building that included a laboratory designed to test the effectiveness of the renewable energy system [15]. The artists living in this space were expected to broaden the vision of the Science Walden research project by stimulating innovative ideas and encouraging interdisciplinary practices. The artists’ awareness of these expectations directed them to explore methods for reflecting upon the hidden value of waste (see Figure 1).



Lim explored ways that sludge and fecal residue from the adjoining laboratory might be processed, settling on the idea of using the sludge to create incense. For this project, he spent some time reviewing a wide range of incense-making techniques developed in many different cultures. He began working by collecting sludge from both human feces and dog and bird excrement and developed it by testing the scent of those materials, mixing different materials and controlling the density. Lim’s incense work, came out as a number of paste strips set in a frame, respectively, helped him reveal ways in which the value of human waste can be reassessed. Kim developed her project using the remains of the food she consumed every day, which included seeds, fruit skins, and tea leaves. The work involved careful observation of the natural processes of change that take place in the physical properties of food remains, in addition to time-consuming labor that involved boiling, drying, separating, spreading, and stretching the remains to turn them into artistic materials. Her practice of revealing the physical properties of the energy in food waste illustrated the unrecognized value of daily waste.




2.2. Studio Activities and Group Projects


For the studio projects, ninety-two students were divided into twenty-six groups of two to four people. Four students with different majors were initially assigned to each group at the beginning of the semester. Each group was assigned to work with one of the two artists and developed its group project in relation to the ideas and works of that artist.



In the group projects that were tied to Lim’s work, students explored sense memories related to smell to generate ideas and forms and to simultaneously collect materials that could be added to their own incense projects. During the next studio activity session, Lim demonstrated the fundamental processes behind incense-making, showing students how to mix basic powders and control density using water. After learning how to make incense, each group developed their own incense project by grinding and adding various materials related to their smell memories to their mixture (see Table 1).



For the group projects derived from Kim’s work, students began by considering what they ate and drank every day, developed ideas and forms based on these considerations, and gathered materials to be added to their own works. Individual students were asked to test the qualitative effects (such as exploring the possible range of colors and textures) of the food remains that they wanted to use before they applied those remains to their prepared panel. During the next session, students began their group work by drawing a part of their body on the panel and placing food remains that they had brought with them onto the drawing (see Table 2).




2.3. Project Outcomes


The project outcomes were displayed in an exhibition space for one week. Table 3 and Table 4 list the key aspects of four exemplary group projects.





3. Participants’ Responses to Studio Work


Participants of this workshop were 92 undergraduate students from diverse majors in engineering and natural sciences. Before the data collection, all students as well as the artists were informed about the aim of the research, data collection methods, and the right to withdraw from the study. Our collection of the data was limited to what we could collect during the workshop, which was primarily designed to encourage students to develop a stronger sense of environmental consciousness. Since we were interested in learning about the potential impact of studio work on engineering student perceptions, we consider this workshop as an intrinsic case pre-selected for the purpose of our study. To obtain credible information on the studio-work experience, we collected the students’ responses immediately after the completion of studio sessions using an anonymous online questionnaire, and the artists’ responses using 20-min in-person interviews (see Table 5). To triangulate the survey and interview data, we collected data from multiple sources, including field notes, participant observations, outcomes of the group projects [16]. By the nature of our study that looked for themes emerging from the data, we applied thematic analysis to the responses to the open-ended survey questions [17]. An initial review of the responses, focused on the notable aspects of each category, was followed by cross-data analysis that looked at the relationships between the responses. Then, we tried to draw out meanings and implications by asking contextual questions such as “In what circumstances was the student’s idea and action allowed or limited?” and “To what extent did the artist influence the student’s idea or practice?”



3.1. Students’ Responses


The student responses to the post-studio questionnaire indicated several consistent points.



3.1.1. Newly Recognized Role of Art


Of the 92 students who participated in the workshop, 65 (70.6%) said that the class sessions for the art and the environment topic helped them to understand art and the roles that it can play in a new light. Of these 65 positive respondents, 30.7% asserted that art was an effective medium for developing public communication. Many of them stressed that the most impactful thing that art can do is create empathy, making art a relatable and effective tool for delivering socio-political messages, bringing public attention to social issues, and raising awareness about environmental problems. Another 30.7% of the positive respondents indicated that the art and the environment topic broadened their views of what can be considered a work of art and what can be used to create art and better understood the appropriate locations for creating or displaying artworks. Their comments included: “I learned what could be considered art shouldn’t be limited to those displayed in a gallery”; “Art helps people see things that they weren’t interested in” and “Art is not only about showing one’s aesthetic sense but also sharing ideas with others and influencing changes in others’ perceptions.”




3.1.2. The Most Meaningful Part of Studio Work


Around half of the respondents reported that working with food remains and incense-making materials was the most interesting part of their experience. The most commonly cited reason for these claims was that the studio activity was unique and encouraged them to discover unusual methods in using familiar materials. More than one third of the respondents said that the process of developing ideas in collaboration with others was the most meaningful part of their work, primarily because this process demonstrated to them that people can have many feelings and interpretations about the same thing. In particular, the students involved in the incense project appreciated that their experience involved the creation of tangible objects that gave shape to their ideas about smell. Student comments in this category included: “It was quite interesting to create art based on old memories of smell”; “…in particular, to see the diverse viewpoints of others in creating stories of everyday experiences”; and “it was both challenging and interesting to shape the ideas and meanings of our group work together by coordinating different opinions”.




3.1.3. Potential Impact of Studio Work


Significant numbers of students reported that they learned the value and importance of collaboration. In particular, many appreciated the group discussions, where diverse viewpoints enriched the process of ideation and shaped project outcomes. One student surmised that “as a group, it was much more challenging. The fact that I was with others enabled me to try out things in a way that I hadn’t done before.” 15 respondents acknowledged that the studio work helped them to learn a wider range of artistic expression modes. A similar number of students also placed considerable value on the experience of translating abstract ideas, such as smell memories, into concrete visual forms. Another similar proportion of students indicated that they now saw art as a means of extending personal expression and that they had begun to perceive everyday life as a form of art and art as something to be created rather than something that already exists within a fixed system. A substantial number of students mentioned that sharing experiences and exchanging ideas with others in group discussions helped them to expand their viewpoints and that this experience would influence their thoughts and actions in future settings.





3.2. Artists’ Responses


Feedback on this kind of studio work was obtained through in-person interviews with the participating artists.



3.2.1. Expectations of Student Work


While Lim was interested in looking at the process of how students shaped ideas into concrete forms and expected them to create something of their own, Kim was more concerned with having the time for hands-on experiences that were based on quality observations of the materials. Kim pointed out the gap between her expectations and the reality of the project: “I came here with an expectation of securing enough time for students to reflect on the range of things they eat every day.” Then, she remarked that “it was quite disappointing to see that the tense academic environment at the end of the semester was too tight for the students to explore things slowly”.




3.2.2. Things Learned from Student Work


In noticing that students had a tendency to reflect on larger issues rather than personal stories, Kim remarked, “The ideas, such as the groups taking a topic of racial reconciliation or a story of family relation, seemed to be somewhat altruistic and typical. If young students in their early 20s reflected what they ate and felt, that would sound more original as a real reflection of our time.” On the other hand, Lim noted the potential benefits of the group project: “There were several groups of students who managed their problem-solving processes quite well. In particular, those who frequently formed different opinions from the other group members learned a lot from the process of coordinating opinions”.




3.2.3. Potential in Student Work


Kim valued the workshop as a setting for the discovery of new possibilities for expressing the material’s various qualities, stating that “in the group activities, I observed that some interesting colors and textures grew out from several panels. It was the unusual handling of the materials—as they were handled differently from the way I would have approached them—that made the accidental visual effects possible.” Lim also observed that he was particularly impressed by the diverse range of outcomes that resulted from students’ memories of smell and appreciated how this exercise enriched his earlier conceptualization of the incense project.





3.3. Implications


The students’ overall responses indicated that they found their hands-on activities unique and enjoyable. In particular, most students appreciated the process of creating art by using familiar materials in creative ways. The qualitatively enriched process of exploring diverse materials and visualizing ideas, which initially concerned the artists the most, was later confirmed by the students to be the most challenging and interesting part of the project. The artists also admitted that the unconventional problem-solving processes and the unusual handling of the materials that they observed during group work expanded their views. Both the students’ and the artists’ responses suggest that the workshop became a space to learn from the integration of diverse perspectives and visual experiences, which could foster creativity. In this interdisciplinary learning context, a considerable number of students predominantly valued collaboration and the contributions of their fellow group members with different majors. Interestingly, in their responses the students spoke little about the role that the artists played in the process of work development. Part of the reason seems to be the absence of questions about the artists in the questionnaire given to students (Table 5). At the same time, the shortage of class time identified in the post-studio report, which may have influenced the scope and depth of the artist–student interactions, suggests the need for less-constrained learning environments that enable artists to serve as significant sources of inspiration.



The two former resident artists were invited with the expectation that their ecological ways of thinking and creating art would play a positive role in readjusting students’ views on the human-environment relationships by stimulating the students’ environmental awareness, sensitivity, and appreciation [1,7,18]. In fact, a significant portion of the students’ responses implied that the artistic exploration by the two artists of the potential value of daily waste encouraged them to reconsider the widespread unsustainable socioeconomic practices [19]. The overall participant responses to the workshop, which show the role of art as a stimulator to develop a stronger sense of social and environmental consciousness, indicate a need for more extended interdisciplinary learning opportunities.





4. Effects of Studio Experience on Students’ Pro-Ecological Views


4.1. Data Collection and Analysis


In order to make suggestions on how an art course might be designed to cultivate pro-ecological views among engineering students in specific, we posted fifteen survey questions online. These questions were developed using the New Ecological Paradigm-Revised (NEP-R) scale and were administered after the studio sessions [20]. The NEP was originally developed by Dunlap and Van Liere [21] after they theorized that individual attitudes toward environmental problems reflected a set of primitive beliefs about the relationship between humans and the earth. Pirages and Ehrlich [22], whose research attributed environmental problems to the Dominant Social Paradigm (DSP), inspired Dunlap and Van Liere’s ideas. The DSP is characterized by the pursuit of economic growth over equity, support of technological over political solutions, and anthropocentrism rather than biocentrism. Accordingly, the NEP, a quantitative measure of pro-environmental attitudes, was comprised of inquiries into “the existence of ecological limits to growth, the importance of maintaining the balance of nature, and rejection of the anthropocentric notion that nature exists primarily for human use” [23] (p. 6).



In addition to the NEP-R, our survey measured students’ beliefs in public welfare. Students were asked to rate statements derived from the NEP and question items derived from Cech [24] using a 5-point Likert-scale. The statements included: I find “professional/ethical responsibilities”, “understanding the consequences of technology”, and “understanding how people use machines” to be important in order to make a successful career in engineering. Moreover, the following two question items measured the respondents’ social consciousnesses: I personally believe “promoting the understanding of race, gender, and class inequality”, and “helping others in need” is important. Using Pearson’s r correlation, we assessed whether respondents’ public welfare considerations correlated with their ecologically-oriented worldview. These findings are discussed below.




4.2. Survey Results


As engineers play a vital role in implementing environmental principles through their work, it is important to incorporate environmental sustainability into engineering education [25,26]. Using our survey analysis, we investigated how engineering students’ ecological views were connected to their broader perspectives of technology and society.



Bernstein and Szuster [27] argued that the views on nature, technology, and societal responses to environmental problems constitute the three key dimensions with which contemporary environmentalists have agreed or disagreed. The environmental movement has evolved substantially since the development of the NEP scale in the 1970s, leading to wide ideological scopes within contemporary pro-environmentalism. It is necessary to investigate what views of nature, technology, and society are associated with engineering students’ environmental attitudes. By adding questions to measure the students’ beliefs in public welfare, we investigated quantitatively how certain attributes of social responsibility might foster pro-environmental views and vice versa.



We were able to draw the following interpretations from our correlational analysis summarized in Table 6:




	
The relationship between anti-anthropocentrism and the rated importance of professional/ethical responsibilities, understanding the consequences of technology, and social consciousness was particularly strong. If engineering students have stronger public welfare beliefs, they tend to more strongly disagree with anthropocentrism and are less likely to believe that it is humanity’s right to rule over the rest of nature.



	
If engineering students have stronger public welfare beliefs, they tend to reject the human exceptionalism that regards humans having exceptional status to modify or control nature to their benefit.



	
If engineering students have strong public welfare beliefs, they are more prone to acknowledging the possibility of an eco-crisis to be significant.



	
Somewhat surprisingly, our respondents’ degrees of endorsement for the limits to growth and the fragility of nature’s balance had no significant association with the strength of their public welfare beliefs. This means that engineering students with relatively strong public welfare beliefs, which correlated with higher scores in the other three facets of the NEP, are not more likely to view nature as a limited and delicate resource that needs to remain pristine and undisturbed.








Although previous studies have noted that all five facets of the NEP correlate with a general ecological worldview [28,29], our findings indicate distinct divisions in the belief systems of engineering students. Even engineering students with higher public welfare beliefs were not likely to endorse certain ecological perspectives, such as limits to growth or the fragility of nature’s balance. Therefore, we suggest that engineering education on environmental sustainability may prove effective if it focuses on particular facets of the NEP, such as anti-anthropocentrism. It is also important to investigate how traditional understanding of engineering education, which tend to focus more on technical knowledge, might affect engineering students’ fragmented, rather than holistic ecological worldview [30]. Further research with representative samples needs to be conducted to examine what educational settings could encourage engineering students to endorse the perspectives of limits to growth and the fragility of nature’s balance as well.





5. Discussion


This study’s studio project encouraged students to understand art as a medium for creating empathy, delivering socio-political messages, and bringing public attention to social or environmental issues. Artwork projects can equip engineering students with more skills for collaboration and public engagement. The fact that the students in the current study valued collaboration with their peers during the process of developing their work more than their contact with the visiting artists suggests the need to pay more attention to the relationship between learners’ engineering identities and their ecological perspectives.



In the surveys we administered, a correlation between public welfare beliefs and pro-environmental measures was limited to anti-anthropocentrism, the rejection of human exceptionalism, and the possibility of an eco-crisis from the categories of the NEP-R scale. The students’ beliefs in the limits to growth and the fragility of nature’s balance did not increase with the strength of their public welfare beliefs. Unlike these divided findings, previous studies that have used the NEP scale to measure pro-environment attitudes and cultures have noted relationships among all five facets of the NEP. Our study indicates the need to develop an interdisciplinary program that is specifically designed to cultivate engineering students’ ecological attitudes.



Our findings suggest that anti-anthropocentrism, the rejection of human exceptionalism, and acknowledging the possibility of an eco-crisis could prove useful as educational foci for encouraging future engineers to develop environmental awareness. The studio art project provided a quality venue for our respondents to achieve this purpose. As students interacted with material objects, their positions as autonomous subjects were partially displaced by the non-human, non-anthropocentric agency of those objects. Their human ideas were transformed into concrete (yet simultaneously transient) shapes that represented their abstract memories before they inevitably decomposed.




6. Conclusions


In the data collected at the investigated workshop, we discovered evidence that students formed and shared an environmental and social consciousness. Many claimed that their views on art and the environment were broadened and that they began to see art as an effective medium for public communication. Although the role of the artists who supervised the studio work was somewhat less significant than we had expected, the students’ overall responses to the studio experience indicate that integrated art projects carry the potential to encourage pro-ecological views among engineering students. Both the resident artists and the engineering students stated that their environmental awareness had changed due to their mutual interaction. Such findings contribute to the currently growing discussion on the need to bring interdisciplinary approaches to engineering education about environmental sustainability and to be more responsive to the complex socio-environmental issues we face today. Further studies in different socio-cultural contexts may expand the scope of our understanding on the more extended and socially responsive role of art in this type of educational setting. As it suggests that interactions with artists could provide a meaningful basis for considering pro-environmental values, our research shows how engineering education curricula can be designed to facilitate students’ considerations of ecological issues from diverse perspectives through hands-on experience in studio art practice.
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Figure 1. Visual forms explored by two artists during their residency in the Science Cabin. Lim’s Incense Works (left), Kim’s Panel Works (right). Photo provided by the ‘Science Walden’ Center. 
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Table 1. Student activities related to mixing and shaping pastes for incense-making.
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	Each group mixed basic powders (ground roots of elm trees and juniper trees) to make a dough
	Each group made various shapes with dough
	Each group added other materials related to their smell memories







Photos taken by Kyong-Mi Paek.
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Table 2. Students working on panels.
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	Initial test results of qualitative visual effects of the food remains
	Beginning of the panel works
	Finishing up the panel works







Photos taken by Kyong-Mi Paek.
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Table 3. Group projects developed from memories of smell.
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	Images of Final Outcomes
	Descriptions of Final Outcomes
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	Group A: Book Diffuser. Of the various smell memories connected to campus life, we decided to visualize the exciting experience of smelling brand-new books. We considered both the olfactory and visual sides of this occurrence. The floral scent that permeates the air when a book is opened was emphasized through the use of light behind the book that was at the center of the work.

Materials used: Oil powder, perfume powder, sawdust, glue, paper, notes, and colored paper.



	 [image: Sustainability 13 14072 i008]
	Group B: Unicatcher. Our group wanted to visualize how our very first impressions of being campus freshman changed as we built relationships with others over time. We hung dark grey pieces in the inner part of the structure to represent the smell of dry leaves and cold wind. In the outer part, we placed bright, colorful pieces to illustrate the smells of books, coffee, and bread, which we had experienced across campus in the library, classrooms, and laboratories.

Materials used: Fallen leaves, paper, tree branches, fishing line, thread, wooden sticks, wooden tongs, colored powder, and coffee powder.







Photos taken by Kyong-Mi Paek.
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Table 4. Group projects developed with food remains.
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	Images of Final Outcomes
	Descriptions of Final Outcomes
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	Group C: Youth, the Brilliance. In this work, we created an image of a healthy and plentiful tree by combining images of the hands of each of our group members, conveying what we see as the value of our lives on campus. Although time and effort are needed for seeds to blossom into trees, these seeds eventually bring forth fruit themselves. In a similar vein, our demanding college lives are the foundation for our future successes.

Materials used: Grape seeds, powdered coffee, sweet potato peels, and tangerine peels.
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	Group D: The Heart of the Ocean. By depicting healthy and dying coral reefs in our work, we wanted to bring the public’s attention to the issues of marine pollution and endangered species. We created images of coral reefs by drawing the outlines of our hands on each panel and by then placing yellow bell peppers upon them. Red jellies were used to portray the fish. We painted the background using grape juice and brushed dark colors onto the dying coral reefs.

Materials used: Yellow bell peppers, jellies, and grape juice.







Photos taken by Kyong-Mi Paek.
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Table 5. Post-studio questionnaire.
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Respondents

	
Category

	
Questions






	
Students

	
Role of art

	
Did the art and environment topic help you identify new roles that art can play? Yes/No

If yes, please explain what these new roles (of art) are from your perspective.




	
Studio work

	
What part of the studio work did you find most interesting or meaningful?

Please provide a reason for your answer.




	
Potential

impact

	
What did you learn from your final group project?

How might your art experience in this course contribute to your future?




	
Artists

	
Expectation

	
What did you expect from the students’ work?




	
Observation

	
Is there anything you learned from the students’ work?

Was there anything unexpected/interesting in the students’ work?




	
Potential

	
What potential do you see in the students’ projects?

What seems to be the most valuable aspect of this workshop?
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Table 6. Correlation between the 5 facets of the NEP and 5 measures of public welfare beliefs.
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Facets of the NEP

	
No. Scale Items of the NEP

	
No. Scale Items of Public Welfare Beliefs with Statistically Significant Correlations with the NEP-Scale Items. b






	
Reality of limits to growth

	
1. We are approaching the limit for the number of people the earth can support.

	




	
6. The earth has plenty of natural resources if we just learn how to develop them. a

	




	
11. The earth is like a spaceship with very limited room and resources.

	




	
Anti-anthropocentrism

	
2. Humans have the right to modify the natural environment to suit their needs. a

	
professional responsibilities (−0.329 **)

promoting the understanding of race, gender, and class inequality (−0.325 **)

helping others in need (−0.300 **)




	
12. Humans were meant to rule over the rest of nature. a

	
understanding the consequences of technology (−0.268 **)




	
7. Plants and animals have as much right as humans to exist.

	
professional responsibilities (0.477 **)

understanding of race, gender, and class inequality (0.412 **)

promoting the understanding of race, gender, and class inequality (0.404 **)

helping others in need (0.441 **)




	
Fragility of nature’s balance

	
3. When humans interfere with nature it often results in disastrous consequences.

	




	
8. The balance of nature is strong enough to cope with the impacts of modern industrial nations. a

	




	
13. The balance of nature is very delicate and easily upset.

	




	
Rejection of human exceptionalism

	
4. Human ingenuity will ensure that we do NOT make the earth unlivable.

	
promoting the understanding of race, gender, and class inequality (−0.225 *)




	
9. Despite our special abilities, humans are still subject to the laws of nature.

	
understanding the consequences of technology (0.296 **)

understanding how people use machines (0.280 **)

promoting the understanding of race, gender, and class inequality (0.288 **)




	
14. Humans will eventually learn enough about how nature works to be able to control it. a

	




	
Possibility of an eco-crisis

	
5. Humans are severely abusing the environment.

	
professional responsibilities (0.223 *)

promoting the understanding of race, gender, and class inequality (0.213 *)




	
10. The so-called “ecological crisis” facing humankind has been greatly exaggerated. a

	
understanding the consequences of technology (−0.261 *)




	
15. If things continue on their present course, we will soon experience a major ecological catastrophe.

	
professional responsibilities (0.295 **)

understanding how people use machines (0.227 *)

helping others in need (0.276 **)








a: reverse coded. b: cell entries are the number of questions in the survey with Pearson’s r correlation coefficient in parentheses, * p < 0.05; ** p < 0.01, n = 92
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