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Dealing with complex sustainability challenges requires an integrated approach to thinking and hence learning. Well-designed, integrated sustainability educational programs at the school level can have a significant positive impact on sensitizing students in this area. We present the case of a cross-curricular educational program designed and implemented at secondary level school with a focus on sustainability of material resources used in electronic products–a fast-growing sector with a significant environmental footprint. Over a 4-week period, teachers of five subjects (science, geography, business, technology and civic, social and political education) tailored their classes to focus on the topic of critical raw materials as it relates to these subjects. Examining a control group against the intervention group before and after the program, we use the New Ecological Paradigm (NEP) scale as a measure of students' environmental beliefs in order to find out the extent to which the program helped the cohort of students develop and retain such an ecological paradigm. Students' pro-NEP improved after the program, including on several facets, such as belief in limits to growth. Findings suggest that our cross-curricular approach was able to influence the young students' environmental orientation in a desirable direction.
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INTRODUCTION

The complex nature of sustainability challenges demands an equally integrated approach to tackling them. Ensuring sustainable development will require fundamental changes to the extent of renewing our economic system that operates between social and planetary boundaries (Stahel, 2016; Raworth, 2017). This insight, which should ideally be a fundamental operating principle and a common knowledge, however, is mostly limited to researchers and practitioners of some niche disciplines. The awareness of sustainability issues among other professionals and the general population is rather abstract, which fails to translate easily into actionable items (Bosselmann, 2001). This keeps individuals from contributing in their capacity as policy makers, in the private sector, or consumers. Enabling people through education and other campaigns to make such positive contributions is therefore crucial in ensuring global sustainability (Independent Group of Scientists appointed by the Secretary-General, 2019).

Education's role is not only teaching job skills, but also developing analytical and creative capacities for addressing social, ecological, and economic issues in different dimensions of sustainable development (UNESCO, 2016). Early education shapes individuals' worldview that will have a lifelong influence on their role as a professional in any given sector. Educational attainment also stands out as the strongest predictor of awareness about climate change issues (Lee et al., 2015). Furthermore, access to quality education itself is a sustainable development goal, which also serves as an opportunity to influence on topics such as global sustainability (O'Neill et al., 2020). Besides developing young individuals' professional capabilities, environmental education can also serve as a behavioral intervention, which helps them to become responsible consumers. Students participating in educational interventions can even foster environmental concerns among their parents (Boudet et al., 2016). A quality scientific dissemination could therefore be an important investment in order to change environmental orientation especially among school-aged children (Barradas and Ghilardi-Lopes, 2020).

The recent wave of climate protests by millions of people—especially amongst young students—across the globe suggests an increased recognition of environmental problems. In contrast to this wave are “misinformation campaigns” seeking to undermine scientific consensus and limit societal engagement with climate issues (van der Linden et al., 2017). The relevance of science-based education campaigns, which are at the forefront of intervention strategies when it comes to promoting a pro-environmental worldview, appears to be more important than ever. The strong prospect of interdisciplinary climate change education has been recognized for students at university level (McCright et al., 2013) where sustainability education for future engineers and scientists, or even the availability of “sustainability degrees” is increasingly becoming common (Mascarelli, 2013). At the school level however, sustainability education is still in its initial phase with clarity lacking in terms of concept, structure, and administration of an effective program (Warner and Elser, 2014).

Sustainability education can be broadly defined as a means of generating solution-based knowledge that can help in the transition toward a more sustainable future (Warner and Elser, 2014). The traditional “environmental education” is shifting toward “sustainable education,” which is about understanding not only the natural environments, but also the human-nature relationship (Bosselmann, 2001). As a growing number of education institutions introduce sustainability education programs, a patchwork of concepts, curricula, intervention, and evaluation metrics have evolved but there is a long way to go. There are two key challenges to this.

First, despite several innovative approaches and policy support, realization of transformative programs of education for sustainable development from their theory to real life implementation is constrained in traditional pedagogies setups (Cotton et al., 2009). Although a variety of environmental education programs exist, there is a need for a more diversified approach (Ardoin et al., 2017). Cross-cutting competencies—beyond specific competencies needed to tackle context-specific problems—are key to achieving sustainable development and should be considered in educational activities for all ages (Rieckmann, 2017). Education for sustainability can be effective neither by a mere introduction of generic environmental knowledge alone nor by the advocacy of environmentalism without fundamental intellect. And even fundamental knowledge cannot be complete with a mono-discipline approach preoccupied by traditional narratives of sustainability (Bosselmann, 2001). In order to address the complex and multidisciplinary nature of sustainability issues, education programs should build on the expertise of multiple educators whose contributions collectively result in a multidisciplinary approach that may not be achieved by one educator offering knowledge on multiple disciplines.

Second, although sustainability education initiatives are growing, institutions lack formal processes and the necessary resources to evaluate the impacts of their programs. The true effectiveness of an educational program in terms of influencing people's behavior cannot be easily derived. In particular, it is more difficult to measure change in students' affective attributes compared to their knowledge and skill sets resulting from an educational intervention (Harraway et al., 2012). Measuring these changes is important to be able to analyze impacts of these programs. Educational institutions often lack sufficient resources to design and evaluate sustainability educational programs. Especially at the school level, where the curriculum is more rigid, such educational programs are often ad-hoc and depend on external funding. And since secondary-level teachers are not expected to be involved in scientific research activities, they may not be fully updated on recent developments concerning burning sustainability issues.

In this context, we illustrate how a collaboration between a secondary-level school and a university can be instrumental in developing a comprehensive educational program on one specific sustainability issue. The two key objectives of this paper are to (a) document the design and implementation of a transdisciplinary sustainability education program and (b) illustrate an efficient evaluation of the education program to measure its efficacy. We present a case of cross-curricular approach for an education program at a secondary level focusing on UN Sustainable Development Goals 12: “Ensure sustainable consumption and production patterns.” In particular, we address Target 12.8 that focuses on public availability of information and awareness for sustainable development through mainstreaming of education for sustainable development for students as well as teachers. We designed and implemented a sustainability education program with a focus on electronic products and material resources at a secondary level school based in Ireland. We also document a swift evaluation of the education program using a pre-existing methodology to measure the effectiveness of the educational intervention. Thus, we are able to address two key stages of the educational program cycle: designing and implementing programs built on current science and evaluating the impacts of such programs in an efficient manner.

The use of information and telecommunication technology is widespread among young populations in the European Union with 95% of 16–19 years old using the internet on a daily basis (Eurostat, 2020). A longitudinal study among students in Ireland reported mobile phone ownership of 40% at the age of nine and 98% at 13 (Dempsey et al., 2018). These figures highlight the importance of awareness about the sustainable production and consumption of electronic products among today's young populations who are using electronic products early on compared to their predecessors. The use of electronic products comes with its own set of environmental as well as social and human health issues (Parajuly et al., 2019). The sustainability concerns about electronic products are also linked to the use of critical metal resources in them, which is not well-known among the general population. While environmental impacts linked to some sectors including food, transport, and energy are becoming more common knowledge, sustainability issues of material resources used in everyday products such as electronics is less known. This issue is the focus of our educational program E-Mining@School, which we present here as our case.



METHODS

The cross-curricular educational program E-mining@School consisted of a series of lessons with a focus on the topic of critical raw materials for a period of 4 weeks. As part of the evaluation of the program, we administered in-person surveys using the questionnaire consisting of the 15 New Ecological Paradigm (NEP) (Dunlap, 2008) scale items designed to collect responses in a 5-point Likert scale with options of strongly disagree, disagree, neutral, agree, and strongly agree. We assigned two student groups as control and intervention groups. Within each group, we surveyed half the students before the delivery of the E-Mining@School program and the other half afterwards. In total, 420 students participated in the education program and the survey. Table 1 below summarizes the gender and age of the participants in the control and intervention groups.


Table 1. Number of participant students in the control and intervention groups with gender and age breakdown.
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E-Mining@school

The E-Mining@School program was run at Castletroy College, which is a secondary level school based in Limerick, Ireland. A suburb of Limerick City with a population of almost 15,000 people, Castletroy is characterized by significant numbers of residents having high educational attainment and employment in professional, managerial, and skilled occupations. According to the 2016 census, it has an unemployment rate of 3%, which is half the national average. Castletroy College is a public secondary school of over 1,200 students with an enrolment policy that gives strong priority to people living within the locality with a mission to provide a holistic education of the individual, enabling students to become responsible, caring members of society as well as encouraging them to reach their full potential.

Secondary level education in Ireland is going through a major transition with the introduction of the new Junior Cycle program. A major change for subject teachers as they moved from the Junior Certificate (1989) to the Junior Cycle (2015) was a move from a content-driven syllabus to a learning outcomes-based specification. Each Junior Cycle subject specification consists of a series of learning outcomes. Subject teachers are encouraged to plan units of work to include several learning outcomes to give students a deeper understanding of the relationships and connections that exist between various elements of each subject specification. The learning outcomes are broad and non-specific which gives teachers a degree of autonomy and flexibility to decide how best to ensure students achieve the intended learning.

In March 2018, a team from the University of Limerick approached Castletroy College looking for a partner for the E-Mining@School project under the European EIT Raw Materials initiative in order to design and deliver an educational package aimed to raise awareness among students about critical raw materials in e-waste. This coincided with the ongoing unit planning in the area of sustainability within subject departments in the school. Therefore, it was an opportune time for teachers across a number of subject departments to come together and design a unit of work on the areas of sustainability with the support of a research group and experts in the area from the university on the common theme of critical raw materials. Students learning about sustainability in their use of smartphones from the perspective of the different subject specifications would enable students to make meaningful and progressively more challenging connections between learning in different subjects.

Unit planning commenced in September 2018 with members of the core design team meeting regularly in their free time, during lunch or during times allocated by school management. The process took the following steps:

1. Each subject area identified several learning outcomes that could be used to link around the topic of electronics and sustainability.

2. Input was sought from the university on the area of critical raw materials. This subject matter was new to most members of the team and expertise was required to ensure common understanding of the topic as a whole.

3. Each subject department identified learning intentions related to the area of critical raw materials that would outline the intended learning in each of our learning outcomes.

4. Once the key learning was agreed in each of the subject areas, the team looked for common themes and arranged the learning on a weekly thematic basis.

5. Teachers then designed a range of student-centered lessons, which included learning activities that afforded students to take ownership and responsibility of their learning and that would develop a range of key skills as outlined by the junior cycle framework.

6. Opportunities for students to reflect on their learning and in how they learn were deliberately embedded in the design of the module with the inclusion of a student learning log. Here students were able to identify the key learning in each of the subjects per week as well as facilitated to make connections between the learning in each of the different subject areas.

Once the teacher design team understood the topic of critical raw materials, it was then broken down as specific learning in each of the five subject areas that would achieve the learning outcomes in each of the subject specifications. The overview of learning outcomes for each subject area is detailed in Table 2.


Table 2. Overview of learning outcomes for subjects over the course of the E-Mining@School project.
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Input and feedback had been sought from the wider delivery team numerous times during the design phase so that the rationale was clear and understood by all and all teachers felt a degree of ownership of the final product. After the unit outline had been agreed upon and lesson plans and resources designed, it was handed over to a wider team of delivery teachers. There are seven base classes in each group so a team of over 20 teachers were required to deliver the unit to all base classes in each of the five subject areas. More than 210 second year students were taught this interdisciplinary unit over 4 weeks during a pilot in January/February 2019 and again in full in January/February 2020. Figure 1 illustrates the of project delivery design and photos from E-mining@School project activities.


[image: Figure 1]
FIGURE 1. Project delivery design (A) and E-mining@School project activities (B).


A Google Classroom for the teacher design and delivery teams was set up to share all resources as well as to ensure good communication and sharing of ideas, progress, and challenges before, during, and after delivery. The unit was delivered over a 4-week period and students were encouraged to complete a learning log at the end of each week. This ensured that classroom activities and strategies that worked well were logged, and connections that students made between learning each of the subject areas were identified. These reflections would form the basis of the evaluation of the unit at the end of delivery.



The NEP Scale

The NEP scale is a well-established measure of pro-environmental orientation, which has been used by social-psychological models to predict people's environmental concerns, attitudes and behaviors (Dunlap et al., 2000; Dunlap, 2008). It has been used as a tool to measure environmental beliefs or worldviews, which to some degree indicate environmental attitude and behaviors of people. The NEP scale has been previously used, for example, in the context of coastal and marine environments (Barradas and Ghilardi-Lopes, 2020) and sustainable built environment (Balador et al., 2020). To our best knowledge, this is the first use of the NEP scale in the context of electronic products and material resources to study the effectiveness of a cross-curricular approach to sustainability education.

The NEP scale consists of following 15 items (with eight pro-NEP and seven anti-NEP items) that provide “a comprehensive coverage of key facets of an ecological worldview:”

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

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

 3. When humans interfere with nature it often produces disastrous consequences

 4. Human ingenuity will insure that we do not make the earth unliveable

 5. Humans are severely abusing the environment

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

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

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

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

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

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

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

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

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

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

These items can be summed together for an overall NEP scale, combined into pro-NEP (odd-numbered items) and anti-NEP ‘(even-numbered items) subscales or into five facets that influence the ecological worldview: the reality of limits to growth (1, 6, 11), anti-anthropocentrism (2, 7, 12), the fragility of nature's balance (3, 8, 13), rejection of exceptionalism (4, 9, 14), and possibility of an ecocrisis (5, 10, 15).

Student groups from different class years were assigned as control and intervention groups. Within each year group, half the classes were surveyed before the delivery of the E-Mining@School program in January 2020 and the other half were surveyed afterwards in February 2020. The survey took place in a supervised computer room without reference being made to the survey being in connection with the E-Mining@School program.

Each of the NEP (sub)scales (overall NEP, pro-NEP, anti-NEP, reality of limits to growth, anti-anthropocentrism, the fragility of nature's balance, rejection of exceptionalism, and possibility of an ecocrisis) is reported as a Percentage of Maximum Possible (POMP) score (Cohen et al., 1999). This means that independent of the number of items comprising the scale, 100 always represents the maximum score and 0 represents the minimum score, with 50 being the midpoint, and so forth. Cohen's d is reported as a measure of effect size. Unpaired t-tests are used to examine change before and after the education intervention within the group, and a two (control, intervention) by two (before, after) between-subjects ANOVA is used to test for differences. As discussed in the limitations later, measuring the same students before and after the education program would have produced a measure of within-individual change.




RESULTS AND DISCUSSION

Figure 2 shows the mean POMP scores for each of the (sub)scales as a function of time (before, after) and condition (control, intervention). For the students in the intervention, their mean increased for all NEP scales—including pro-NEP scales—and decreased on the anti-NEP scale. These differences were significant for the pro-NEP items, t(159) = 2.01, p = 0.046, d = 0.32, Reality of Limits to Growth, t(159) = 2.22, p = 0.028, d = 0.35, and Rejection of Exceptionalism, t(159) = 2.82, p = 0.005, d = 0.44. In contrast, no change between before and after was significant in the control classes. An interaction test (that there is a difference in the observed differences) was significant for Rejection of Exceptionalism, F(1, 360) = 9.04, p = 0.003, and Possibility of an Ecocrisis, F(1,360) = 5.29, p = 0.02. These appear as crossover patterns, where the more ecological perspective increased in the intervention condition but declined in the control condition.
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FIGURE 2. Means (with standard error) for intervention and control groups before (pre) and after (post) the educational program.


Some dimensions of the NEP scale were also more or less broadly agreed with overall, irrespective of time or condition. Recall that a POMP score of 100 would mean that all students strongly agreed with each item within a scale, and that 50 means, on average, a midpoint score for each statement. Students had higher pro-NEP scores (M = 70.1, SD = 14.9) than anti-NEP scores (M = 49.4, SD = 14.2). However, they were less likely to agree with the Reality of Limits to Growth (M = 50.2, SD = 15.3) and Rejection of Exceptionalism (M = 52.0, SD = 14.0). In contrast, the Possible Existence of an Ecocrisis was most strongly endorsed (M = 71.7, SD = 18.3), with reasonable support for the Fragility of Nature's Balance (M = 65.8, SD = 14.0) and Anti-anthropocentrism (M = 65.2, SD = 19.5).

The NEP scale has been mostly used in the past to study the correlation between respondents' ecological orientation and their sociodemographic characteristics. Use of this technique with control experiments to measure changes in ecological orientation of an intervention is rare. Previous studies have reported an overall trend of respondents endorsing pro-ecological beliefs on all NEP scale items, however, this being truer for items reflecting on the “fragility of nature's balance” and less true for items suggesting the idea of “limits to growth” (Dunlap et al., 2000). This pattern is also present in our findings with the large majority in all groups endorsing the “balance of nature” idea and accepting the “possibility of eco-crisis.” However, the endorsement is mixed in the case of “limits to growth” and “rejection of exceptionalism.” One possible interpretation of this is that students are optimistic about the capacity of science and technology to solve some of these problems. Previous studies have also reported similar findings on the widespread existing belief that humans can intelligently exploit natural resources and solve environmental problems (Sousa et al., 2016).

People with a “pro-environmental worldview” are more likely not only to be concerned about environmental problems but also to take action to address these problems (Xue et al., 2016). Environmental education, short and long, can help the younger generation to develop and retain such an ecological paradigm. However, most educational programs focus on the pro-environmental behavioral changes of students as the outcome of an educational intervention. Immediate changes resulting from short-term educational interventions are usually very small, which makes it difficult to document the effectiveness of such programs. Our approach was aimed at, on top of potential behavioral change related to everyday consumption, a longer-lasting set of sustainability skills that students could potentially use in future as professionals. Educating students as designers and enablers of the future production and consumption systems—and not merely as consumers—can have lasting impacts. Traditional approach to “environmental education” leans more toward “preservation” of local nature. In a globalized economy and ever-growing consumption of new products, a more “holistic” approach is needed. Educational approaches focused on values only may be less effective without teaching students also about economic and technological tools that they can use to implement what they learn. Environmental attitudes may not always directly translate into pro-environmental behavior as there are several other internal and external factors coming to play (Parajuly et al., 2020). One-time interventions can only have a small effect, therefore, continuous education throughout the school years focusing on multiple dimensions of sustainability may produce a reasonable change in young students' environmental orientation.

A limitation of our study has been that the controlled experiment in our study could not control for the possibilities of the student coming across other learning opportunities besides the educational intervention during the 4-week period between two surveys. It cannot be ruled out that some of the students—proactively or not—gathered more information through news, social media, and other sources. Analytically, the analysis could have been strengthened if we had recorded students' class membership, and nested their observations within classes, as well as linking student responses before and after, enabling a within-person measure of change. Besides the educational program, we had originally planned an “engagement program” for the students. The program included organization and participation of the students in an e-waste collection event in which residents of the local community would bring their end-of-life electronics for proper collection in order to facilitate recycling. Ideally, we could have surveyed the students again at the end of the engagement program and studied those responses as well. However, such an event did not materialize because of the COVID-19 situation.

The NEP scale is sometimes criticized for being outdated, oversimplified and for not being able to accurately predict environmental behaviors and alternatives such as the Environmental Attitudes Inventory is proposed to address these limitation (AlMenhali et al., 2018). The findings from the NEP studies should therefore be cautiously interpreted. On the other hand, however, the NEP scale has been praised for its “novelty” as a tool that covers a broad spectrum of ecological viewpoints while prompting responses in Likert-scale form that can be used worldwide without the need for reflection or comparison (Ntanos et al., 2019). In our opinion, the simplicity makes NEP a suitable tool in settings such as ours where we are measuring teenager's behavioral attitudes to have a glimpse into their state of environmental orientation. Other tools such as the “Attitude toward Sustainable Development” scale proposed by Biasutti and Frate (2016) that are based on measuring multiple dimensions of environment, economy, society, and education, can be tested in similar settings in future works in order to investigate students' sustainability attitudes and their relation to other variables.



CONCLUDING REMARKS

Among the growing concerns of climate change and lack of actions to produce visible changes, the importance of early sustainability education is becoming more important than ever in school education. In order for these educational interventions to be effective, it has to be more than theoretical knowledge on environmental protection. Practical lessons linked to real-life sustainability problems may be an effective way to strengthen environmental awareness of young pupils. We document a comprehensive, cross-disciplinary second level educational intervention focusing on sustainable material consumption. To our knowledge, this is a first of its kind educational program. It serves as a model for future programs seeking not only to raise awareness among young populations, but also to equip them with tools for designing solutions for sustainability challenges. Achieving the ambitious SDGs will require collaboration across sectors and disciplines at various levels. We offer an example of how educational institutions from different levels can work together to address the complex challenge of sustainable consumption and production under the UN SDG12.

We also illustrate an example of how education programs can be evaluated for their effectiveness by comparing the change in students' environmental orientation between control and intervention groups. The impacts of the intervention were evaluated by measuring students' ecological paradigm using the well-established NEP-scale. Future works can build upon this approach in order to test and enhance this technique tailored to different educational contexts. Our finding suggests a consistently incremental and some significant changes in the environmental orientation of the students in the desired direction. For the increased robustness of the evidence, future research may also focus on tracking the impact of the intervention on individual students.
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Define the term element, mixture and compounds, metals and non-metals, and list their properties
Explain how the elements used in mobile phones have changed over the past decade

Work in groups to plan, design, and carry out an investigation to determine if a material is an insulator or conductor of heat and electricity
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Identify raw materials that are essential in manufacture of smartphones
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- Appreciate the scale and impact of electronic waste and the dangers of huran toxicity Identify and st the advantages and disadvantages of
our current systems for dealing with electronic waste

Discuss roles that can be taken to help organize an e-waste collection event

Identify how natural resources can be extracted from the earth Discover where resources can be found around the world
Describe the process of driling, shaft mining, and quarrying

Identify the advantages and disadvantages of quarrying

Identify uses of cobalt Compare how cobalt is extracted in the Democratic republic of Congo to how zinc is extracted in Navan, County
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over time
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s, Social, and Political Education (CSPE)
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- Introduction to the UN Sustainable Development Goal 12: Ensure sustainable consumption and production patterns
- Understand the term ecological footprint

- Identify how SDG 12 can be linked to the issue of critical raw materials
- Analyse a global issue: unsustainable consumption and production of critical raw materials

- Identify the impacts of electronic waste and discover how electronic waste impacts on the lives of people in Ghana and China
- Compare and analyse information

- Identify possible solutions to the challenge of unsustainable consumption of CRMs
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- Identify waste materials in my environment that | can bring to the waste recycling event

- Work as part of a team to organize a waste collestion event

- Explain the term “economic resources”

- Identify and explain each of the factors of production

- Explain the term scarcity

- Be able to distinguish between needs and wants

- Explain how scarcity, choice, and opportunity costs for individuals, companies, and governments

- Discuss and compare economic systems Centrally planned e.g., China, free market, USA, and mixed economy, Ireland

- Understand different sectors of the economy and identify the sectors that recycling companies work in Explain how the different
sectors interact

- Explain and distinguish between a closed economy and an open economy

- Outline the importance of imports and exports for a country

- Understand the factors of production. Begin to understand the importance of the government recognizing the sustainabiiity of resources

- Understand factors affecting demand and factors affecting supply

- Understand a business plan and its importance to business

- Understand the importance of sustainability

- Discuss ethical business behaviors. Explain the term marketing. Explain the reasons for advertising. Plan for the marketing and advertising of
the e-waste collection event

Break it down
- Explain how design impacts on the function and quality of a product

- Examine modern technologies, how they are designed and manufactured

- Look at the role of CRMs in modern technologies

- Students analyse the impact a disruption in supply of CRMs would have on the production of modern technologies
Pick it apart

- Examine products design intent

- Assess a product’s intended life cycle

- Evaluate the sustainability of a products design

- Students will compare products with differing intended fie cycles and discuss the sustainabilty of each

Build it up

- Design a new product concept with a more sustainabe lite cycle
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