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Abstract

:

The global society of today struggles with grand challenges, such as climate change, the degradation of ecosystems, and the loss of bio- and geodiversity, as identified in several documents. The search for solutions to these and other problems on the way to sustainable development necessarily involves a better understanding of the Earth system and its dynamics. The Earth system is composed of five highly dependent and interrelated subsystems that exchange matter and energy. This notion is at the base of what in the literature is named Earth System Science (ESS). Humanity has been profoundly altering the dynamics of this system, leading to the proposal of a new geological epoch—the Anthropocene. Developing a holistic understanding of the complex and tangled relationships between subsystems and the role of human impacts is the target of study of Earth System Education (ESE). With the assumptions of ESS, ESE is emerging as a new approach in science education. Based on a deep knowledge of the planet and the development of specific competencies, such as system thinking, it is possible to perform more actively and consciously in the relationships that citizens develop with the Earth system, enabling the existence of a more viable future for humanity.
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1. Introduction


Global society is dealing with urgent grand challenges related to environmental, economic, and social sustainability [1]. Society must be environmental, economic, and socially sustainable to guarantee the continuity of the human species without compromising future generations and planet dynamics [2,3]. This notion is reflected in the United Nations 2030 Agenda for Sustainable Development [4]. This document aims to find solutions for sustainable development through combined, coordinated, and articulated (re)actions between different nations to global problems (in environmental, economic, and social dimensions), considering the people, planet, prosperity, peace, and partnerships [4].



According to UNESCO, sustainable development “…is an organizing principle for global development that supports the well-being of both people and the planet” [2] (p. 3). This concept has expanded to bond the environmental, economic, and social aspects of sustainable development [2]. To guarantee the permanence of the human species on Earth, society must adapt to the planet’s dynamics and its limited resources, minimizing its impacts [5]. One thing is clear, there is no Planet B [6] and contemporary society must reflect on the impacts of citizens’ daily actions on Earth.



Studies and documents warn of the finitude of natural resources, the degradation of ecosystems, and climate change among other issues associated with the Anthropocene [7,8,9]. The Anthropocene links to the proposal of a new geological epoch by the Dutch chemist Paul Crutzen (1933–2021) during the International Geosphere-Biosphere Program (IGBP) meeting in Mexico in 2000 [10,11,12]. Crutzen argued that the intensification of the impacts of human activities has caused morphological and geological changes in the planet, especially following the industrial revolution in the second half of the 18th century, justifying the naming of this new geological epoch [13,14,15]. The beginning of this new era has been marked by an increase in the concentrations of methane and carbon dioxide trapped in polar ice, which matches with the invention of the steam engine by James Watt (1736–1819) in 1784 [15]. However, the designation of this new era does not yet have a consensus in the scientific community [10]. The word Anthropocene is based on the term Anthropozoic, coined by the Italian priest and geologist Antonio Stoppani (1824–1891) in 1873 who used it to state a new era [11,13,14,16,17].



All these challenges facing Earth mentioned above, such as the overexploitation of natural resources, the degradation of ecosystems, and climate change, call for solutions to be addressed. However, these issues are complex and reflect and result from the Earth’s own complexity as a system; to solve them, specific competencies and approaches are required. Thus, educating society about the Earth system is crucial for the daily life and future of humanity given the relationship between the human species and the planet [1,18,19].



The Earth system is composed of five deeply interdependent and related subsystems—atmosphere, biosphere, cryosphere, geosphere, and hydrosphere—with constant trades of matter and energy [18,19]. This systemic notion of the Earth system’s behavior is relatively recent, therefore its perception by the majority of citizens may not be a reality as it is not yet an applied approach in schools in many countries [3]. Investment in geosciences education is required for shifting the way citizens perceive the planet and its dynamics towards sustainability [5]. To this end, it is urgent to (re)think about how to teach and learn the (Earth) sciences and leave multidisciplinary paradigms to embrace inter- or trans-disciplinarity—a trend that is already beginning to be observed [18,20]. The change to inter- or trans-disciplinarity could enrich the knowledge of the planet and shape our behavior towards it. Thus, more than ever, science education must develop the knowledge, skills, attitudes, and behaviors to guide us to global sustainability.



Respecting the complex and delicate dynamics of the planet is essential to promote sustainable development and guarantee humanity’s survival, as well as the maintenance of the bio- and geodiversity of our planet. Nonetheless, to understand the close and intricate relationships between Earth subsystems and to realize the extent of anthropogenic impacts on the planet, it is necessary to develop several cognitive skills, such as system thinking [18,21]. The latter must be stimulated and developed through educational activities, and geosciences education may take on particular importance in this process due to the very characteristics of Earth sciences [5].



The geosciences is an interdisciplinary set of scientific branches that aim to study the planet, its structure, processes and phenomena, composition, and history, among other aspects [22]. The geosciences, also known as Earth sciences, includes a wide spectrum of disciplines, for example, astronomy, geochemistry, geology, geophysics, meteorology, oceanography, sedimentology, environmental science, or geography, among others [22,23,24,25], which includes diverse fields of natural sciences related to the study of the Earth. According to Frodeman [26], the term geosciences arises from a broad interpretation of what geology is, isolating itself from the idea that it is only the study of the solid aspect of the Earth, but rather an articulated and integrated study of air, water, soil, rock, ice, and biota elements. It is important to notice that there are several definitions of geosciences. In this work, the definition adopted views the geosciences as an interdisciplinary body of knowledge composed of several scientific branches.



Geoscientists, as professionals who practice the geosciences, may resort to system thinking to understand geological processes, phenomena, and the particularities of the planet that occur in different spatiotemporal scales [5], for which prediction and retrospection are extremely important [18].



In geosciences education, and following a perspective of inquiry-based learning, it is intended that students can become capable of replicating the work of geoscientists and develop scientific competencies specific to the geosciences, such as those mentioned above [18,21]. These scientific competencies, developed through geosciences education, are necessary for making conscious decisions toward the planet, for finding solutions to those grand challenges, and for active participation in society. In this work, the development of Earth System Science (ESS) and Earth System Education (ESE) and their connections with a holistic understanding of the planet and active citizenship are addressed. This is carried out to understand: (i) how ESS and ESE evolved and to establish relationships between them; (ii) how they can be transposed to everyday school life—making geosciences education more meaningful and promoting a holistic approach in geosciences teaching, inside and outside of the science classroom; and (iii) how a holistic approach can help in seeking solutions to the grand challenges that humans face today.




2. Earth System Science (ESS): An Overview for a Holistic Understanding of Our Planet


Earth System Science (ESS) is a transdisciplinary field that studies the structure and functioning of our planet in a systemic and holistic way, integrating its five adaptative subsystems—atmosphere, biosphere (and anthroposphere), cryosphere, geosphere, and hydrosphere [8,27,28]. Edwards and collaborators [29] consider that research in the scope of ESS is an approach that allows humanity to understand the brutality of the planetary crisis because it enables reflection on the anthropogenic impacts on Earth’s dynamics.



ESS is a scientific area that merges knowledge from the geosciences, biology, chemistry, physics, and mathematics to interpret and predict the Earth system’s complex behaviors [30]. According to Skinner and Murck [8], ESS obeys the scientific method based on observation and the collection of evidence that can be observed and/or tested. While it is a collective and iterative process, it does not necessarily follow all the steps of the method sequentially. However, not every process and phenomenon on Earth can be observed, tested, or reproduced in the laboratory due to their complexity and spatiotemporal scale. In this sense, the geosciences began to resort to modeling to explain, simulate, and predict these geological processes and phenomena—thus, adding an experimental component. The complexity of reproducing geological phenomena and processes in the laboratory and the difficulty in directly observing them due to their spatiotemporal dimension were an obstacle to the establishment and definition of Earth sciences as a science, especially when compared to the “hard” sciences, such as physics. Furthermore, its individualization as a science was further hampered by the fact that it is classified as a hermeneutic, historical, and field science [26].



From the perspective of ESS, the five subsystems are deeply related and share (i) matter among themselves, through geochemical and biogeochemical cycles, and (ii) the flow of energy [21,31]. Its (in)stability depends on the dynamic interactions and non-linear feedback processes (positive and negative) that make the Earth system function as a whole [5,18,21,30,32]. Several authors, such as Orion [18], Steffen and collaborators [27], and Mayer [33], uphold that the planet is a complex and adaptive single system. An action in one of the subsystems can trigger one or more repercussions in others to maintain the overall system’s dynamic stability [29,31].



The development of ESS is necessarily related to a systemic notion of the planet. To understand this idea, it is necessary to identify the elements that comprise the system and their relationships according to its framework. Biogeochemical cycles correspond to interrelations with elements of several subsystems that are essential for the functioning of the planet as a whole. According to Jacobson, Charlson, and Rodhe [34], in the 18th century the Scottish geologist, chemist, and naturalist James Hutton (1726–1797) considered that the Earth behaves like a superorganism, and that it should be studied with the enlightenment of physiology. From this idea, it is understood that the planet is composed of several subsystems, similar to how the human body is formed by various organ systems (such as the circulatory or digestive systems, for example), and that our understanding of the Earth is possible through a study of the physical and chemical mechanisms that underlie it—such as biogeochemical cycles. These cycles result from the interaction of the biotic (biosphere) and abiotic (atmosphere, cryosphere, geosphere, and hydrosphere) aspects in the recycling of the planet’s matter, which evidence the relationships between Earth’s subsystems (understanding the cyclic nature of the system).



ESS has its roots in the biosphere and geosphere interaction analysis of the Russian geochemist and mineralogist Vladimir Vernadsky (1863–1945), where living beings were the geological force that shaped the Earth [30,34,35]. However, when his work “The Biosphere” was published in 1926, it did not receive the recognition it deserved since it was written in Russian. Only later, in 1998, was it translated into English, provoking interest among western scientists [36]. Meanwhile, in the field of climatology, in 1956 (20th century) the American scientist Eunice Newton Foote (1819–1888) described the influence of the concentration of water vapor and carbon dioxide on the retention of solar energy through heat, explaining its greenhouse effect [37]. Through her work, Foote highlighted the relationship between the concentration of these gases and the flow of solar energy, explaining their role in the climate system as resulting from the relationship between the Earth’s subsystems.



Vernadsky’s work was the basis for the Gaia hypothesis by James Lovelock (1919–) and Lynn Margulis (1938–2011) in the second half of the 20th century—biotic and abiotic components form a self-regulated system that maintains the composition of the atmosphere and climate for the planet’s habitability—and this was the starting point of ESS [28,30,38,39,40]. Both Vernadsky’s and Lovelock and Margulis’ hypotheses emphasize two important aspects for ESS: (i) the notion that there are interactions between different Earth subsystems (such as the biosphere and geosphere) and (ii) the idea that the planet behaves like a self-regulated system.



The formal and explicit ESS appearance is linked to (i) the socio-political context of the Cold War, (ii) the greater funding of Earth and environmental sciences, and (iii) the beginning (during the 1960s–1980s) of the scientific community and general public environmental awareness [27,30].



According to Steffen and collaborators [27], ESS is a result of increased awareness of climate change and ozone depletion and is a response to a sequence of reports from conferences and workshops called “science of the Earth”, formalized by the creation of the NASA Earth System Science Committee in 1983. Then followed the first representation of the systems’ dynamics (the NASA Bretherton diagram), in which the physical climate system is combined with biogeochemical cycles, including human, and interrelated by feedback mechanisms [25,28]. Humanity was seen as a driving force for changing the system—as an element producer of carbon dioxide, polluting emissions, and as a user of the land—thus placing humans as an integrant and important part of Earth system [27,30,41,42]. This representation led to emphasizing the perspective of understanding the interactions of the Earth system between physical, chemical, and biological processes, combining different disciplines for its study, and accelerating the evolution and globalization of ESS [27].



The significant change that makes ESS emerge—and that guides its theoretical framework—is the conception of system thinking; this is instead of a traditionalist approach in which processes/phenomena are studied in isolation [8,27]. In this way, ESS demarcates itself from reductionist approaches [43].



At the end of the 1990s, two concepts that would become essential for ESS were introduced: (i) the dynamic and co-evolutionary relationship between human beings and the Earth system on a planetary scale (entirely integrating humanity into the Earth system); and (ii) the possibility of catastrophe in the co-evolutionary human domain of the Earth system (human pressures could trigger rapid and irreversible changes in the Earth system in states that would be catastrophic for human well-being) [27].



In the 2000s, the concepts of sustainability science and global sustainability emerged reflecting on the evolution of the definition of ESS [27], and due to the anthropic impacts on the Earth system, the terms Anthropocene and anthroposphere additionally appeared [8]. According to Skinner and Murck [8], the anthroposphere includes the human population, the artificial environment, and all other remaining parts in which the Earth system has been altered or manipulated by human actions. These anthropic impacts have become more evident in the last century [44]. However, Donges and collaborators [45] argue that the impact of the human domain is not yet fully integrated into current Earth system models and the exact feedback of the Anthropocene is not circumspect, with the social component being subjugated. These authors also warn that the norms and values that shape human behaviors cause changes in the Earth system’s functioning. This also causes feedbacks in human behaviors, values, and norms by being a very complex co-evolutionary network. Thus, ESS evolves not only as an area of the natural sciences, but also integrates the social sciences [46,47]. Oreskes [48] argues that in various fields of research in the Earth sciences, such as seismology or volcanology, aspects related to human behaviors, institutions, infrastructures, and human responses are included. Furthermore, the same author adds that, although the geosciences have social implications, only recently have they been recognized in the research in these scientific fields. This fact indicates the need to link geosciences and social sciences, integrating the human species and its dynamics as elements to be considered in scientific research and helping to develop more holistic approaches to the research process. Given the particularities of geosciences and social sciences, they present distinct paradigms, objects of study, and research methodologies. Considering the systemic view of ESS and the fact that human actions and dynamics impact and are impacted by the Earth system, it is necessary to converge these areas. This may help create a more complete and realistic approach to the interrelationships between the subsystems, which includes humans. As natural and social systems are not dissociable, this translates into the emergence of interdisciplinary areas of study, such as geopolitics or geoethics (discussed later), for example. The integration of natural sciences with social sciences makes it possible to address environmental, social, economic, and political aspects, which is essential for a more effective response to global challenges.



The research spectrum in ESS is large. It starts with knowledge of the Earth’s history passing through to the understanding of its present, its future perspectives, and its finitude [30]. According to Lenton, ESS “…considers how a world in which humans could evolve was created, how as a species we are now reshaping that world, and what a sustainable future for humanity within the Earth system might look like” [30] (p. 21). Reid and collaborators further argue that “research is also needed to assess the potential impact of environmental changes on regional economic conditions, food security, water supplies, health, biodiversity, and energy security” [46] (p. 196), highlighting the role of ESS in multiple domains.



Given the above, an understanding of the Earth system must be articulated with the complexity of the feedback processes in various domains, such as environmental and anthropogenic, among others. This integration of concepts and their relationships is essential for the development of more accurate models of the Earth system and its functioning [47]; this would allow for a recognition of its holistic nature, making it possible to forecast and retrospect different phenomena/processes, both in time and space. For such an understanding, it is necessary to develop holistic and system thinking to develop closer notions of the Earth’s processes and dynamics. According to Hoffman and Barstow, understanding the interconnections between Earth’s subsystems is essential for the future of nations and the planet because, for example, changes in the oceans and atmospheric processes impact “national economies, agricultural production patterns, severe weather events, biodiversity patterns, and human geography” [47] (p. 9). This notion is essential for understanding that the sustainable use of the planet depends on citizens’ knowledge of it and of how the planet works.



Greater knowledge of the Earth system, from ordinary citizens to decision makers, can provide better responses to the challenges—societal, environmental, and economic—that humanity faces. As global sustainability cannot be addressed without considering global dynamics and interactions, more research in the field of ESS [46] is required. Thus, ESS is currently a scientific area in full development and consolidation.




3. Earth System Education (ESE): A Paradigm Shift in Geosciences Education


Geosciences education has developed and evolved over past centuries, especially during the 1990s [31]. At the end of the 20th century, the abandonment of transmissive teaching methodologies and strategies (based on instructive theories) by moving to inquiry-based teaching methodologies (embracing the constructivist and social constructivist theories) began. These students centered and oriented methodologies, respect learners’ idiosyncrasies, and shifted the paradigm from preparing future scientists to educating future citizens [21,31,49,50]. These last notions focused attention to learners’ previous knowledge and experiences and their relationship with the environment. This occurs by exposing the students to meaningful and attractive environmental issues, such as pollution, climate change, or even flood events, earthquakes, or volcanic eruptions, to contextualize the learning process [31].



From a conceptual point of view, this paradigm shift led to the inclusion of environmental issues in the sciences curriculum. However, this was without great success because the approaches did not integrate the students’ knowledge of the environment, thus falling into smaller activities such as recycling [21]. In this sense, according to Orion [31] a change to the Earth system approach as a holistic framework for science curricula was imperative. This approach would meet the Lovelock and Margulis hypothesis as Lovelock proposed that environmental research should reject reductionist approaches, developing a multidimensional perspective closer to reality and providing a global view of the Earth system [31].



From an interpersonal perspective, an ESE approach allows the ability to reach myriad moments for social interaction. This depends on the social capacity of learners, the way they interact with their peers in the learning process, and the ability of teachers to promote this social aspect [18].



From a disciplinary perspective there has also been an evolution, with interdisciplinary rather than multidisciplinary approaches being adopted [20]. In geosciences education in particular, the dissociation of different Earth sciences does not make any sense considering the complexity of the planet, as discussed in the previous section.



The conceptual development of ESS, associated with the influence of science at the end of the Cold War and the low level of scientific literacy of citizens about the planet, led to the emergence of the appropriate context at the end of the 20th century to draft the first curricula based on the Earth system approach [33,51]. According to Mayer [33], this movement began in secondary curricula in the United States of America (USA) and resulted from reflection on the science and the science curriculum in the post-war period and its influence on the planet and society. This approach started from discussing environmental problems—such as global warming, ozone depletion, and the degradation of water and land resources—to social issues resulting from the conflict. At this point, the new science curriculum needed to reject the rigid barriers between sciences, mathematics, and technology, creating synergies between them [33,47].



In April 1988, after a five-day conference that brought together geoscientists and educators, including those responsible for the Bretherton Report, the initial theoretical framework of Earth sciences concepts that citizens were recommended to know was created [33,52]. This movement started a discussion, both regionally and nationally, of these issues, which drove the appearance of Earth System Education (ESE), later consolidated at The Ohio State University (USA) [33,51].



3.1. Earth System Education (ESE) in Indoor and Outdoor Learning Environments


As previously mentioned, with the appearance of ESS a new approach to teaching and learning geosciences was developed—Earth System Education (ESE). ESE is based on the assumptions of ESS, since the dynamics of the planet are studied holistically. Thus, the Earth is seen as a unique and adaptive system composed of five subsystems. These subsystems exchange energy and matter through geochemical and biogeochemical cycles—such as the rock cycle, water cycle, food chain, and carbon cycle—with each other, in which human actions are integrated [18,27,53,54].



An ESE approach requires the development of competencies—knowledge, skills, and attitudes—specific to geosciences, such as the development of system thinking with a high level of abstraction, the retrospection and prediction of geological phenomena/processes, and a comprehension of these in diverse space–time scales [18]. In the context of ESE, the development of system thinking is essential as the educational effectiveness of this approach depends on the presence of this type of thinking [21].



According to Soltis and collaborators [55], system thinking corresponds to the understanding of how individual systems and their subsystems respond and relate to each other indissolubly based on the circular nature of their interactions in the real world. Kioupi and Voulvoulis [1] argue that socio-economic subsystems must also be taken into account and that interdisciplinary collaboration is essential for a holistic conception of reality. Ben-Zvi-Assaraf and Orion [21] argue that system thinking is a form of reasoning necessary for understanding the social, technological, and scientific domains in parallel with environmental insight. Orion [18] defines environmental insight as the ability to overcome cognitive conflicts in the development of system thinking and the integration of diverse concepts through the understanding of phenomena with different spatiotemporal scales. Thus, a system is much more than the cumulative outcome of its parts, rather it is the result of these parts and their relationships [55]. The literature reveals that the maximum level of understanding of the Earth system is the ability to think about the planet as a dynamic system. However, studies show that students have great difficulties at this level [25,55].



According to Ben-Zvi-Assaraf and Orion [56], the development of systems thinking depends on eight abilities, organized hierarchically. These authors refer that these abilities as the System Thinking Hierarchical (STH) model and comprising: (i) the identification of the elements of a system and processes that happen inside it; (ii) the recognition of the interrelationships between the various parts of the system; (iii) the identification of the system’s dynamic relationships; (iv) the organization of the different elements and processes of the systems according to their relationships’ framework; (v) the understanding of the cyclic nature of systems; (vi) generalization; (vii) the comprehension of the system’s patterns and interrelationships that do not occur on the surface and therefore are not perceptible; (viii) the ability to retrospect and predict the system’s processes [56].



Regarding the main difficulties present in learning the Earth system, the following stand out: (i) the need for comprehension of the planet as a dynamic system; (ii) the inability of viewing the Earth as a single system instead of disconnected parts; (iii) the inadequate mental models about Earth subsystems; and (iv) the lack of intuitive and complex conceptual knowledge about causality and mechanisms [43]. These difficulties are further increased when pondering the diversity of space and time scales of Earth system phenomena.



Orion [31] upholds that an ESE approach must focus on three important aspects: (i) it must be contextualized and be relevant to the daily lives of students; (ii) it must develop environmental insight; (iii) it must be based on a constructivist approach. An essential component of the ESE holistic pedagogy is the integration of learning environments. This integrates indoor environments (classroom, laboratory, and computer) and outdoor teaching environments [18].



Field trips are educational approaches that are especially important in the Earth and life sciences. Fieldwork has been recognized by researchers as a method for studying the natural world. However, it is still poorly present in daily school life due to logistical limitations, the lack of adequate educational resources, and teachers’ unpreparedness concerning outdoor learning environments. Notwithstanding, the same author argues that field trips have positive learning outcomes when combined with indoor activities, functioning as an intermediary element for greater levels of cognitive learning. The outdoor environment provides the direct contact between what is learned in the classroom or laboratory with real phenomena/processes and materials, constituting a true sensorimotor experience [57].



Orion [57] suggests a tested and inquiry-based practical model for the integration of the outdoor teaching environment as an integral part of the learning sequence [57,58]. This model includes three consecutive stages: (i) the preparatory unit (in the classroom and/or laboratory—indoor environment); (ii) the field trip (outdoor environment); (iii) the summary unit (in the classroom—indoor environment) [53,56] (Figure 1). This model fits into a student-centered perspective in which the students participate as active epistemological agents of their learning process, and enables a student’s direct relationship with the environment rather than the passive acquisition of knowledge from teacher to student. This direct interaction with concrete Earth system’s phenomena stimulates their natural learning instinct, and, as a result, their positive emotions and motivation to learn [59].



The preparatory unit is based on lab inquiry-based activities of topics to be addressed in the field (such as modeling activities or managing the materials that students will contact on the field trip, such as rock and minerals, by using identifying skills). The operationalization of these tasks allows for developing concepts in concrete subjects, while introducing students to the next phase (field trip), taking care of cognitive, psychological, and geographic factors, reducing the novelty of space [57,58,59]. Cognitive aspects can be addressed through the manipulation of samples and materials that students will come into contact with on the field trip, worksheets, or a review of theoretical concepts before the field trip. Psychological aspects can be reduced by explaining the field trip objectives, the activities to be developed, or the stops to be made. Geographical factors can be minimized by handing out maps of where the field trip will take place, even using technologies such as GIS (which makes it possible to trace how natural systems function and change in response to anthropogenic activities by allowing the integration of environmental data at different temporal and spatial scales [60]), for example.



Learning during field trips is more significant when novelty space is reduced to a minimum [59]. In the field trip, the competencies developed in the previous unit are integrated with the elements of the natural world, applying system thinking to real examples and increasing the level of abstraction [57]. To this end, the field activity should provide students with contact with the natural world through the observation of geomorphological and lithological aspects and/or interactions between the different subsystems.



Finally, in the summary unit the activities to consolidate the competencies developed abroad in the form of multiple intelligences are completed, raising the level of abstraction with the application of knowledge to new situations [57] (Figure 1).




3.2. Environmental Insight and System Thinking


A necessary component for achieving the goal of the ESE approach (environmental insight) is system thinking ability. The development of system thinking is intended and endowed with a high level of abstraction, making learners capable of interrelating concepts [18]. The literature states that environmental insight results from a combination of three factors: (i) recognize that we live on a planet in which subsystems interact cyclically through the exchange of matter and energy; (ii) understand that humanity is part of the Earth system, and iii) live in line with its dynamics [18,19,54].



Coexisting with Earth dynamics is a fundamental step for society to prosper because it is the planet that rules our existence, and not the opposite. Human behaviors affect the dynamic balance of the planet, but even without our presence it will continue its natural process of evolution. The best approach to reach a good level of coexistence with the Earth is to educate citizens about how it works. Thus, learning about the Earth system is part of the path that society has to take for our survival as a species. Therefore, it is interesting to know the mechanisms underlying the human learning process about the Earth system.



Learning is a natural process corresponding to the instinctive response to stimuli and is dependent on the individual [18,19,59]. The need to survive, combined with the curiosity to learn and the human tendency to pursue new challenges, means that the main stimulus for learning is emotional, and cognitive capability follows this emotional need [18,19,59].



An ESE approach allows learners to attach meaning to what they learn, establishing a nexus between what is learned and the real world [18]. By assigning relevance to what is learned, stimuli for their learning instinct might be triggered [18,19]. Additionally, these stimuli might support the learners to move into inquiry-based learning [18]. The connection with the real world is even more effective when an ESE approach includes outdoor activities, such as field trips [18]. Research on the affective domain in Earth science suggests that learners have positive feelings about field activities before leaving the field, and this is even more evident after these activities [59]. This process, when scaffolded by the right methodologies, strategies, and resources, allows learners to profoundly develop their thinking. This makes it possible to articulate, for example, system, cyclic, logic, three-dimensional, or spatiotemporal thinking [18,19].





4. Educating Geosciences through a Holistic Approach for an Active Citizenship


Never so much as today has the human relationship within the planet been so discussed and gone beyond academic discussion inside the scientific community; climate change and resource efficiency and management have become hot topics in society. Today more than ever, for society to move towards sustainability, changes in knowledge, values, attitudes, and behaviors are needed, both individual and collectively [1].



The reflection on the dynamics of the Earth system must include social and economic aspects because the human being is an integral part of the system. Reflecting on the impact of human actions on the planet is the object of study in geoethics. Geoethics is a recent scientific area that deals with the ethical, social, economic, and geoscientific aspects of human interactions with the Earth system, contributing to a more contextualized and efficient awareness of society on planetary and human sustainability. Teaching and learning geoethics largely contributes to raising citizens’ awareness of environmental, social, and economic impacts [61]. Citizens must be aware of how they relate, act, and think towards biotic and abiotic systems that comprise the Earth [1,18,62], recognizing that human–Earth system interactions are quite complex. To unravel this complexity, citizens must develop system thinking. An active citizenship that addresses issues relating to the planet in an interdisciplinary way is urgently required and must reflect on the social, economic, and environmental domains of human actions and their impacts.



In literature, the term environmental citizenship appears, and this is an interdisciplinary concept that integrates several areas, such as science, economics, philosophy, and politics [63]. This concept is recognized as an important approach to environmental problems, contributing to increasing the public pressure, such as through petitions, to trigger political actions, and science and environmental education has a particular role to play [63]. Environmental citizenship is often understood as green citizenship, ecological citizenship, or sustainability citizenship as there is no clear distinction between these terms [63]. In this context, education emerges as a powerful tool, capable of contributing to the behavioral changes in citizens [1,63], although environmental citizenship is not yet fully present in educational practice [62].



Environmental citizenship merges the contributions of science education, environmental education, education for sustainability, and citizenship education [63]. An environmental citizen is defined as a citizen who has adequate knowledge, as well as the necessary values, attitudes, and skills, which allow them to act in society as an agent of change with the objective of solving environmental issues and achieving sustainability [63]. For this, an environmental citizen must have critical thinking, good communication skills, and the determination to participate [62].



The literature reveals that science education has a key role in supporting active and responsible citizenship where citizens get involved in the decision making regarding socio-scientific and socio-technical issues [63]. Parra and collaborators [62] argue that environmental education aims to obtain knowledge and develop the human–Earth system relationship through active learning experiences, such as fieldwork and outdoor activities. In this way, the importance of field trips in the scope of ESE is highlighted. Thus, the development of competencies by citizens in the field of Earth sciences (where environmental issues can be addressed through geosciences education) makes them capable of deciding policies or electing someone with this ability [1,18], thus raising collective awareness of the grand challenges that humanity faces. This awareness can be achieved through a proper geosciences education (and communication) because to live in harmony with the environment, society must be environmentally literate and understand its influence on the Earth system [18,19]. Geosciences education is a crucial area for increasing scientific literacy and sustainable development, being a field permeable to multiple teaching methodologies and strategies inside and outside of the science classroom (see Vasconcelos [64]).



A holistic approach to geosciences education such as ESE has particular relevance as its aim is to provide citizens with competencies and make them recognize that they must live peacefully with the Earth system dynamics and achieve environmental insight [18]. Education as a social science, and in its different features—formal, non-formal, and informal—plays an important role in public awareness and in the training of future citizens who should embrace this movement [65]. Furthermore, society must not neglect the role of lifelong education to educate and update older citizens or those who have not had opportunities in formal education [4,65], keeping them active for their participation in society. According to Akin and Calik [66], keeping citizens involved in public life is important for the achievement of an advanced and democratic society.




5. Final Remarks


To face the grand challenges of today, actions are required to fulfill the United Nations Agenda 2030 for Sustainable Development. Understanding the Earth system contributes to the achievement of several goals of this document because one of the pivots of this agenda is the planet itself and the promotion of planetary sustainability. The latter requires a transdisciplinary approach, such as ESS, where the natural and social sciences create synergies to solve contemporary problems. To guide anthropic actions towards the planet, it is necessary to develop a holistic notion of the Earth. Through an understanding of the Earth system and how it works, it is possible to perceive the magnitude of human impacts. A society that holds this notion is a society better prepared to reflect on its knowledge, values, attitudes, and behaviors.



In this sense, ESE, with the incorporation of outdoor activities, enables the articulation between the development of knowledge and competencies and the direct contact with real-world phenomena, enabling a cognitive conflict and stimulating the learning processes. Additionally, this approach allows for a deeper recognition of the Earth system dynamics. The development of system thinking associated with environmental insight allows learners to understand how their actions, choices, and behaviors can affect the dynamism of the planet. The awareness of citizens on this issue enables more active and aware participation in society concerning the human–Earth system interactions towards sustainability. Thus, the change in the educational paradigm of ESE is justified. Investment for its inclusion both in the curriculum and in non-formal and lifelong education activities is imperative for fostering a holistic view of the Earth among the citizens.
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Figure 1. Orion’s field trip model with the integration of system thinking and environmental insight development (adapted from Orion [57] (p. 329)). 
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