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Abstract

:

Teaching and learning of concepts within the science, technology, society, and environment (STSE) approach, such as energy, are key elements in improving students’ competencies in sustainability within the framework of environmental education. The overall objective of this research has been to analyze the concept of energy in secondary education curriculum from a sustainable perspective. Likewise, the levels of cognitive demand in the curriculum for the students’ acquisition of the concept are analyzed. The design of the research is a descriptive, exploratory type, with mixed qualitative and quantitative analysis of the obtained data. A methodology similar to that carried out in other researches was followed, and an analysis established a system of categories to classify the references found. The results obtained reveal that the regulations that govern teaching of secondary education (12–18 years) deal in depth, and in an compulsory way, with the concept of energy. However, more action is required to promote sustainability at all stages of education, in order to alleviate current and future environmental problems.
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1. Introduction


Sustainability is presently one of the key issues in society. As some authors [1,2,3] have pointed out, environmental problems influence present and future societies on the basis of different political, economic and social variables. With this in mind, education must be used as a key tool for deepening environmental content not only from a cognitive point of view, but also from an attitudinal and emotional point of view. Thus, UNESCO [4] emphasizes that education can and must contribute to a new vision of global sustainable development. As it is an issue of special social relevance, many political parties are interested in this sector. For example, some studies [5] list the scientific subjects that political groups propose in their electoral programs as important to the achievement of a scientific literacy of citizens, and thus to the ability to solve problems related to the environment (among other things). Some authors [6] have considered the impact that both social and economic variables have on the environment, focusing on key issues such as energy. An uninterrupted supply of energy is a vital issue to all countries today. Energy supports the provision of basic needs such as cooked food, a comfortable living temperature, illumination, the use of appliances, running water or sewerage, essential medical care, educational aids, and communication [7]. As other studies [8,9] have noted, energy is closely related to productivity, income growth, education, and health. Future economic growth depends critically on the long-term availability of energy from affordable, accessible, and environmentally friendly sources [7]. Within this framework, the support of political groups through educational policies that generate responsible actions and attitudes among citizens is particularly important. With these measures, an environmental observance could be generated in which social development and the environment find a balance between economic growth and respect for the health of our planet.



From the point of view of social impact, studies [10,11,12] have been developed that integrate concepts of science, technology, society, and environment (STSE). Thus, curricular designs have been carried out that include elements focused on science teaching; that create and reinforce evaluation criteria and learning standards to promote sustainable, efficient, and responsible attitudes; and that allow teachers to contribute to improving the present and to care for the future. In this sense, education plays a very important role, and it is necessary to promote scientific and technological literacy from the earliest stages of schooling.



Although the need for education on sustainability in universities has been widely accepted and is increasingly being introduced, education on sustainable development and education on sustainability require increasing changes in the curricula of pre-university stages of education [13]. There are reports at the international level [4,14,15,16] that consider it necessary to provide society with basic levels of scientific and technological training. Along these lines, some studies [11,17,18] have indicated that citizens need a solid understanding of science and technology in order to face certain problems. Thus, it is common within the social framework to relate science and technology to words such as pollution, environmental crisis, economic repercussion, and extinction, among others. These problems include, for example, climate change, irresponsible energy management, or the improper disposal of waste. For this reason, it is considered necessary to carry out an analysis within the framework of science teaching of how certain key concepts are addressed from an environmental point of view in education curricula.



Among these key concepts we highlight waste, whose treatment in curricula has been analyzed in other previous studies [19]. The results of this study show that the concept of waste rarely appears in Spanish curricula at either secondary and baccalaureate levels, and that the study of the concept of waste at the school stage is not encouraged. A further study [20] specifically analyzed the level of knowledge of secondary school teachers in training about this concept. The study concludes that this group presented a low level of understanding about the concept of waste, which was related to the low presence of this concept in the education curriculum [19]. On the basis of these previous studies, the concept of energy has been selected for the present research, as it is one of the scientific concepts of special relevance in society, and it is necessary to analyze the way it is addressed in current education.



The concept of energy is related to the concept of sustainable development due to the environmental implications of its correct management in its different phases, from generation, through transport, to distribution and consumption. The societies of developed countries have inherent problems with energy generation and consumption that impact the natural environment and that, without proper management and treatment, could endanger precious resources for human beings. In view of this, there have been numerous directives issued by the European Union. For example, Directive 2009/28/EC [21] on the promotion of the use of energy from renewable sources, Directive 2009/33/EC [22] on the promotion of clean and energy-efficient road transport vehicles, Directive 2003/66/EC [23] on the energy labeling of refrigerators, freezers and household appliances or Directive 2002/31/EC [24] on the energy labeling of air-conditioning equipment.



If we focus on the context of education, the concept of energy has been the subject of numerous research studies at different educational stages. Thus, some authors [25] have studied the teaching of energy in machines at the primary school stage. Others [26] have analyzes the alternative ideas on energy presented by 12- to 14-year-old students from a constructivist perspective. Other authors [27] have analyzed the teaching–learning process of energy from a global point of view, reviewing the published literature and then analyzing how secondary education contributes to an understanding of this concept. In other works [28] a study has been carried out on energy conservation, where the results of the teaching–learning process in secondary education were evaluated. In higher education, some authors [29] carried out an analysis of the beliefs of teachers in training on the problem of teaching energy in the subjects of Physics, Chemistry, Biology, and Geology. These authors revealed that there were deep-rooted alternative ideas about this concept. Concretely, the difficulties in learning the concept of energy affect from the beginning of the formation in the early ages up to students of higher studies. For example, some works identify energy with its sources [30], with power [31], or even work [32]. Other studies associate energy with movement [33] or fuels [34]. On the other hand, some researches [35] promoted attitudes towards energy saving during the formation of teachers with the objective of improving their knowledge, as well as the awareness of the consequences of an irresponsible consumption, in order to generate correct attitudes towards its conservation. There are also studies [36] on evaluations of the environmental role within the educational policies of some countries. Other authors [37] conduct research on sustainable development in education. However, no research on the concept of energy from a sustainable and responsible point of view in the curriculum of both compulsory and non-mandatory Secondary Education has been found, which has constituted the central theme of this research. For this reason, the purpose of this research is to study how and in what way the concept of energy appears in compulsory and non-compulsory education in the education curriculum. It also analyzes in what subjects it is taught, how it is promoted, and what is the cognitive demand required of the student at this stage of school.




2. Materials and Methods


The design of the research carried out in this study has been of a mixed type, similar to that of other researchers in education for sustainable development [19,38,39] but choosing the concept of energy as the object of study. Specifically, the research by some authors [38] presents an analysis of education for sustainable development in Icelandic curricula for pre-school, compulsory, and upper secondary education. Likewise, other studies [39] worked with the concept of sustainable development in Compulsory Secondary Education in Spain, analyzing Royal Decree 1631/2006 that regulates the curriculum at the national and autonomous level through Decrees 23/2007 and 73/2008, respectively. Previous work [19] analyzes the concept of waste related to sustainable development within the framework of environmental education in the regulations that standardize Compulsory Secondary Education.



Previous studies have served as a precedent for this research. It is essential to promote energy supply through the use of renewable energy resources such as the sun, wind or biomass. However, in order to adopt positive attitudes towards renewable energies, it is necessary to promote active education in this sector in order to improve the cognitive mastery of future societies in the face of the environmental problems in which we are currently immersed.



2.1. Objectives


The general objective was to analyze the references on the concept of energy from a sustainable perspective that are included in the secondary education curriculum (12–18 years). The aim is also to analyze the cognitive demand necessary for the acquisition of this concept among students. The education curricula that have constituted the study samples have been gathered both through Royal Decree 1105/2014 regulating the curriculum in Spain [40] and at the regional level of the Autonomous Community of Extremadura through Decree 98/2016 [41].



This general objective has been broken down into the following specific objectives:

	
Specific Objective 1 (SO1): To establish a system of categories that allow to study the approach of the concept of sustainable and responsible energy in the selected regulation.



	
Specific Objective 2 (SO2): To analyze with a lexicographic perspective the word energy from a sustainable and responsible point of view.



	
Specific Objective 3 (SO3): To analyze the subjects in which the concept of energy is taught.



	
Specific Objective 4 (SO4): To analyze the relative presence of the references to the concept of energy from the point of view under study as opposed to the total references of this concept and other key environmental concepts such as waste.



	
Specific Objective 5 (SO5): To analyze the cognitive demand of the concept of energy from the sustainable development that is demanded of the secondary education student in the different elements that compose the education curriculum.









2.2. Instrument and Procedures


The research is focused on finding content related to the field of energy from sustainable development in the educational curriculum, taking as reference the word itself or looking for statements that refer to the concept from the point of view of sustainability. A detailed search was carried out for the concept or related references in the texts mentioned above: in Royal Decree 1105/2014 regulating the curriculum in Spain [40] and in Decree 98/2016 of the Autonomous Community of Extremadura with the aim of making a comparison at regional level [41]. In order to meet Specific Objective 1 (SO1), a system of categories was established to classify the references found, based on the analysis of all the sentences.



The established categories were:

	
Category I: Energy Sources (ES)



	
Category II: Energy Management (EM)



	
Category III: Technology (TE)



	
Category IV: Awareness and Ethics (AE)



	
Category V: Energy Efficiency (EE)








These categories have been selected after obtaining a global vision of the concept of responsible, efficient and sustainable energy from their educational importance. Thus, taking into account the background discussed in the introductory section, the concept of energy has been analyzed taking into account social factors (in the AE category), economic and development factors (EM and TE categories) and environmental factors (EE and ES categories). A more detailed description of these categories can be found in Section 3.1.



Subsequently, in accordance with Specific Objective 2 (SO2), all references to the concept of energy were distributed in terms of frequency and percentage among the various established categories, and these results are shown in Section 3.2.



Additionally, on the basis of Specific Objective 3 (SO3), it was analyzed in which subjects, at what educational level and in what curricular elements (contents, evaluation criteria and learning standards) the references to the teaching of energy appear. These results are shown in Section 3.3.



Next, in relation to Specific Objective 4 (SO4), the relative presence of references to energy was analyzed from the point of view under study, as opposed to total references to this concept and to other key environmental concepts such as waste. These results are shown in Section 3.4.



Finally, in order to analyze the cognitive demand of the concept of energy (Specific Objective 5), a series of categories based on Bloom’s taxonomy [42] as revised by other authors [43] have been established. These categories have been used in other studies [44,45]. For the classification of the different statements based on the cognitive demand of the concept of energy, the following categories established on the basis of context and a series of verbs corresponding to the different levels of Bloom’s Taxonomy were used:

	
Level I: Knowledge (KNO): Presents simple level, the requirement to the student is memoristic.



	
Level II: Comprehension (COM): Presents abstract level, the requirement to the student is explanatory of facts. Requires understanding and comprehension.



	
Level III: Application (APP): Presents a complex level, the requirement to the student is explanatory of new concepts and of great volume.



	
Level IV: Analysis (ANA): Presents a complex level, the student’s requirement is based on problem solving.



	
Level V: Synthesis (SYN): Presents abstract level, the requirement to the student is to structure, schematize or order parts, elements.



	
Level VI: Evaluation (EVA): It presents an abstract and complex level, since the demands on the students are based on analysis and synthesis.










3. Results


3.1. Analysis of the Approach of the Concept of Energy from the Sustainable Development in the Regulations that Regulate the Curriculum of Obligatory Secondary Education and Baccalaureate


This section shows the results obtained in relation to Specific Objective 1 (SO1) of this research. In order to determine the focus of the concept of energy studied in the regulations governing the Compulsory Secondary Education and Baccalaureate Curriculum, a system of categories based on previous studies was established [19]. The impact of the concept of energy from sustainable responsibility and efficiency was analyzed through the established categories, since any element, reference or statement that alludes to the term in any of the current educational curricula can be included in any of these categories. The following is a detailed analysis of each of the established categories.



References to different existing energy sources are included in Category I, “Energy Sources” (ES). Specifically, there are fifteen statements referring to energy sources, of which ten are in Compulsory Secondary Education and five in Baccalaureate. In three of the statements belonging to CSE, reference is made to renewable and non-renewable energies from different points of view, such as advantages, disadvantages, and comparisons between both or environmental aspects. One of the statements is specific to energy sources. Another statement refers to the concept of generation, transport and storage. The other phrases analyzed refer to the daily use of energy by human beings (for example: knowledge of its use, phenomena in which it intervenes, and environmental or geographical aspects, among others). Likewise, some statements refer to the identification of alternative energies and others to the justification of finding new sources. In the case of the Baccalaureate stage, energy sources appear in five cases, focused specifically on the relationship that exists with the industrial world, their location in Spain, the nature of existing types of energy, new alternative sources, their transformations, the classification of energy systems and relating the use of the most important mineral resources. Solar radiation as an energy resource is also mentioned in one of the statements. An example of the statements included in this category extracted from the curriculum is “The student analyzes the predominance of conventional energy sources (fossil fuels, hydraulic and nuclear) over alternatives, arguing the reasons why the latter are not yet sufficiently exploited”.



Category II, “Energy Management” (EM), refers to mankind’s energy management. Thirteen statements focused on consumption and the correct or incorrect use of energy were found, four of which appear in the CSE stage and nine during the Baccalaureate. Specifically, during the CSE stage, mention is made of the rational use of energy in general and the use and utilization of nuclear energy. The last of the statements found in CSE deals with world consumption zones and information on world energy consumption. In addition, two of the references found in the Baccalaureate stage focus on the use of mineral and energy resources, and the rest of the mentions included in this educational stage deal with the use of energy for the development of nuclear weapons, radiotherapy, location, the analysis of the importance of energy in society, on forms of production and management and on environmental protection during the exploitation of mineral and energy resources. An example of a curricular statement included in this category is “Environmental Consequences of Human Energy Consumption”.



Category III, “Technology” (TE), refers to the technological influence of energy on the environment. The eight statements included in this category deal with technology applied in some way to energy. Specifically, four of them are linked to CSE and allude to the fuel cell as the new energy of the future, to the procedures for obtaining hydrogen as a new energy vector, to experiments with circuits to contribute to energy saving and to the design of software to promote energy saving. The remaining four sentences are included in the Baccalaureate. The first is aimed at the creation of a more just and egalitarian society through scientific-technological contribution in the energy field. In the other statements, reference is made to the techniques of sustainable exploitation of mineral resources and to proposals to reduce energy consumption in homes or premises by means of computer programs. As an example, one of the statements referring to this category is: “The student describes different procedures for obtaining hydrogen as a future energy vector”.



Category IV, “Awareness and Ethics” (AE), includes references to the social influence of energy. There are five statements related to the social and environmental repercussions in society, generating a certain awareness in the correct management of energy, as well as the ethics that should be applied in this field. These references are all framed within CSE and deal specifically with the environmental consequences of human energy consumption, on the role that energy plays in our lives, and on the importance of making responsible use of energy sources, as well as the importance of participating in campaigns to promote the correct use of energy resources. An example of curricular reference included in this category was “To value the role of energy in our lives”.



Finally, under Category V, “Energy Efficiency” (EE), all references to the contribution of proper energy management and efficiency are included. Specifically, eleven statements deal with energy efficiency as the main content. Five of these statements are included in CSE and indicate the importance of renewable energies for sustainable development, the interpretation of world consumption data and how we can improve individual savings, proposing measures to reduce home consumption. In the Baccalaureate stage there are six sentences in this category, specifying energy savings in homes, the development of plans to reduce consumption in buildings, evaluate and assess measures of efficient energy use and the consequences of inefficiency of the use of fossil fuels. A clear example for this category was: “Proposing measures that can contribute to individual and collective savings”.




3.2. Results of the Analysis of the References to the Concept of Energy in the Education Curriculum from the Point of View of Sustainability


The results obtained regarding the Specific Objective 2 (SO2) proposed in this research will be shown first. The lexical analysis carried out in the Royal Decree governing the CSE and Baccalaureate curriculum in Spain shows that the word energy linked to some type of sustainable responsibility can be included in the 5 established categories: I-Energy Sources; II-Energy Management; III–Technology; IV-Awareness and Ethics; and V-Energy Efficiency.



In order to achieve SO2, Table 1 shows the total number of references according to the different indicators in the decrees studied.




3.3. Results of the Study of the Subjects in which the Concept of Energy is Taught from a Sustainable Development Point of View in the Curriculum of Compulsory Secondary Education (CSE) and Baccalaureate


This section shows the results referring to Specific Objective 3 (SO3) proposed in this research. In Spain, Compulsory Secondary Education (CSE) is organized into four school years (12–16 years). However, Non-Compulsory Secondary Education (Baccalaureate) is structured in two courses (16–18 years). Table 2 and Table 3 include references to the concept of energy from the point of view of sustainability, as well as the subjects in which it is taught, the school year and to which element of the curriculum it belongs. These curricular elements are governed by the legal regulations studied and are Contents (CO), Evaluation Criteria (EC), Learning Standards (LS), and Introduction (I) of the area in question.



As can be seen in Table 2 and Table 3, the concept of energy is taught in a total of fourteen subjects distributed between CSE and Baccalaureate. Specifically, six of these subjects are taught in CSE and eight in Baccalaureate. Three of the six subjects taught in the CSE are considered core subjects (which must be compulsorily studied), but in the case of Baccalaureate, all eight subjects are optional. During the first three years of CSE, the student takes the subjects of Geography and History in the first year, Physics and Chemistry in the second year and Physics and Chemistry and Geography and History in the third year. Studying some of the subjects that teach concepts related to energy in the fourth year of the CSE will depend on the student’s choice of the subjects Technology, Sciences Applied to Professional Activity, and Biology and Geology, although there is the option of also studying the area of Technology in the third year of the CSE with a non-core character if the students choose it in their school itinerary. We can observe that in the fourth year of the CSE there is no core subject that deals with the concept of energy, but it is the year that offers more optional subjects to improve the cognitive mastery of the student in relation to this concept.



As can be seen in Table 2, the percentages are very similar among most subjects, both in Decree 98/2016 [41] and in Royal Decree 1105/2014 [40]. However, there is a high percentage difference between regulations in the Physics and Chemistry subject belonging to the third year of CSE, where the percentage of references to energy in the Decree is 3.5% compared to a percentage of 28.2% in the Royal Decree [40].



During the two years of Baccalaureate (Table 3), students can only be trained in the sustainable energy sector if the school offers a related subject and the student decides to take it, as this concept is not taught in any of the core subjects of the three itineraries offered. However, energy is taught in the first year of baccalaureate in the subjects Physics and Chemistry and Contemporary World History, but also in the specific subject Industrial Technology I of the scientific-technological itinerary. In the second year of the baccalaureate it will be possible to study energy contents in the subjects Physics, Chemistry, Geology and Geography and in the specific subject Earth and Environmental Sciences. Table 3 shows that the greatest number of references to energy in baccalaureate are included in the subjects Earth and Environmental Sciences (18 references) and Industrial Technology I (16 references). The lowest numbers of references are in the subjects of 2nd year Physics (3 references), 2nd year Chemistry (3 references) and 1st year Physics and Chemistry (2 references).



On the other hand, Table 3 shows that there are very disparate percentages in the subject of Earth and Environmental Sciences and in the subject of Geology. In the case of Earth and Environmental Sciences, there is a difference of 12.4 percentage points in favor of the Decree, while in the case of the subject of Geology, there is a difference of 11.8 percentage points in favor of the Royal Decree [40].




3.4. Quantitative Analysis of the Presence of the Concept of Energy from a Sustainable Development Point of View in Educational Legislation


This section shows the results obtained in relation to Specific Objective 4 (SO4), which aims to analyze the relative presence of references to energy from the point of view under study as opposed to total references to this concept and other key environmental concepts such as waste.



Figure 1 shows a comparison of the number of times the term “energy” appears against the term “waste” in Spanish educational legislation, based on a previous study [19].



As can be seen in Figure 1, the concepts of waste appear 18 times in the case of Royal Decree 1105/2014 [40], and 25 times in Decree 98/2016 [41]. This suggests that the cognitive demand on the concept of waste is similar in national and regional regulations. On the other hand, the lexicographic analysis of the concept of energy or elements related to it indicates that there are a total of 64 references in Royal Decree 1105/2014 [40] and 65 in Decree 98/2016 [41], which indicates that the study of energy in the framework of sustainable development is included in the same way in both regulations. Likewise, it is verified that the concept of energy is studied in greater depth than the concept of waste in the educational stage, both compulsory and non-compulsory.



Bearing in mind that the acquisition of pro-environmental skills requires a genuine incorporation of sustainability into the curriculum, the results shown in Figure 1 confirm that the concept of energy in the classroom is of particular importance, although perhaps not enough effort is made to create pro-environmental attitudes. On the other hand, the study of waste in secondary education is also limited. Although energy content in the classroom is more significant than waste content, the above results highlight training gaps in sustainability, as there is little presence of sustainable treatment of energy and waste in the secondary education curriculum [19,46]. A genuine integration of sustainability in the curriculum requires the incorporation of transversal subjects in all itineraries, the promotion of interdisciplinary projects, the establishment of forums for dialogue, but above all, adequate training of teachers in aspects related to sustainability, providing them with tools that promote their inclusion in the courses [47].




3.5. Qualitative Analysis of the Cognitive Demand of the Concept of Energy from a Sustainable Development Point of View in Educational Legislation


This section shows the results obtained for the achievement of Specific Objective 5 (SO5) aimed at analyzing the cognitive demand required by the curriculum with respect to the concept of energy from sustainable development.



Firstly, it is convenient to carry out an analysis of each of the categories of Bloom’s taxonomy [42] proposed to study the cognitive demand required by the Spanish educational system in CSE and Baccalaureate in terms of energy in the framework of sustainable development.



From Level I, Knowledge (KNO), three statements were found in CSE and seven statements in Baccalaureate, which means a total of ten statements in this first cognitive level category. The sentences included in CSE point to different fields such as energy sources, awareness campaigns or energy saving. In the case of Baccalaureate, two of the seven statements are oriented towards the sustainable exploitation of resources and environmental protection and management, four are related to energy sources (location, types, and transformations) and the last one refers to the use of energy sources. An example of a sentence from this level is “Knows the fuel cell as an energy source of the future”.



With respect to Level II, Comprehension (COM), nine statements were found, six of them in CSE and three in Baccalaureate. Specifically, in CSE the cognitive demand of these six statements is focused on the transformations of energy sources, the identification of types of energy through everyday phenomena, the importance of sustainable development associated with renewable energy, the identification of alternative energies, the producing and consuming areas of the world and the evolution of consumption. In the case of Baccalaureate, it contemplates energy from alternative sources, the classification of energy resources and the ways of producing energy taking into account economic variables, environmental impact and sustainability. An example of a sentence from this level is “Interprets comparative data on the evolution of global energy consumption”.



The cognitive demand of Level III, Application (APP), is evidenced in nine statements, five of them linked to CSE and four to Baccalaureate. In the obligatory stage, one of the statements refers to knowing the fuel cell and its application, another one refers to the design of a software with the application of the acquired concepts and the other three are focused on energy saving. In the Baccalaureate stage two of the four statements focus on industry and energy, the third statement requires the calculation of costs for energy savings (based on the application of the knowledge acquired) and the fourth statement deals with environmental problems. An example of a sentence from this level is “With the help of software, designs installations for a typical house with energy efficiency criteria”.



Additionally, there are nine statements related to Level IV, Analysis (ANA). Seven of the statements belong to CSE and two to Baccalaureate. The CSE statements call for analysis of renewable and non-renewable energy, economic and environmental aspects, human consumption depending on the geographical area, use of nuclear energy and rational use of energy. During Baccalaureate the student is required to analyze the energy resources that society has and the effects of fossil fuel emissions. An example of a sentence from this level is “Analyzes the predominance of conventional energy sources (fossil fuels, hydropower, and nuclear) over alternatives, arguing the reasons why the latter are not yet sufficiently exploited”.



Level V, Synthesis (SYN) appears in three statements, one of them in the compulsory stage and two in Baccalaureate. In CSE the Synthesis category is linked to renewable energies and sustainable development. However, in Baccalaureate this category is based on the elaboration of a cost reduction plan derived from energy consumption and on proposals for the reduction of consumption. An example of a sentence from this level is “Associates the importance of the use of renewable energies for sustainable development”.



Finally, Level VI, Evaluation (EVA), is reflected in ten statements in the curriculum distributed evenly over the two educational stages of the study. The main issues addressed in the five CSE statements are the environmental consequences of human energy consumption, the use of nuclear energy, energy in our lives, the need to look for non-polluting and viable energy sources, and the assessment of how the architecture of a building and consumption habits affect energy saving. In the case of Baccalaureate, the statements focus on solar radiation, nuclear energy as a weapon, energy use, energy efficiency and sustainable exploitation. An example of a sentence from this level is “Evaluates the contribution of housing architecture, installations, and consumption habits to energy saving”.



Figure 2 shows the percentage of references obtained in each of the categories proposed based on Bloom’s taxonomy, in order to analyze the cognitive demand on the concept of energy during CSE and Baccalaureate.



As can be seen in Figure 2, during the CSE stage, statements that demand Analysis and Comprehension from the student predominate, since in these two categories the percentages exceed 20%. There is also some cognitive demand in terms of Application and Evaluation aspects, with 18% in both cases. However, it is significant that only 4% of cognitive demand refers to the category Synthesis. In addition, with respect to the Baccalaureate stage, there is a clear predominance of sentences that demand Knowledge from the student, with a percentage of 29%, and Evaluation, with a percentage of 21%. At this stage the categories with the lowest demand are Comprehension and Analysis, both with 13%, and Synthesis, with 8%.





4. Discussion and Conclusions


The results of the study indicate that both state and regional legislation consider the teaching of the concept of energy to be relevant from the point of view of sustainable development. The legislation regulating secondary education deals in depth with the concept of energy from the point of view of sustainable development in the different subjects. Specifically, both regulations together add up to fourteen subjects that refer to energy in the field studied. Along these lines, it should be noted that there is a clear commitment in this field for the training of Spanish citizens by the educational system and, therefore, by the political parties by integrating this concept into the curriculum of compulsory and non-compulsory secondary education with the clear purpose of generating positive repercussions in the economy and in our society [1,2,5].



These results are very favorable from a social perspective because, although there are different environmental problems, the education system promotes scientific and technological literacy in society in order to solve the environmental problems derived from human activities that have a direct impact on the health of our planet [48]. In this line we conclude that both Decree 98/2016 [41] and Royal Decree 1105/2014 [40] promote the idea of energy from development and responsibility and promulgate a progressive model that reinforces sustainable ideas to avoid environmental degradation and improve climate change in order to promote sustainable life actions and thus improve our planet [49].



Despite this progress towards sustainability in the educational framework, we consider that it would be interesting to add more energy content in the framework of sustainable development in the school in order to complete quality training on awareness, management and energy efficiency. In this way, a possible proposal for curricular improvement, with respect to the subject of energy, is the inclusion of the concept of the electric vehicle. In particular, this proposal is supported by various institutions because climate change is a serious and complex problem today. In addition, the United Nations Conference held in Copenhagen in December 2009 [50] was a critical step in developing a global response to the threat of climate change caused by human activities such as transport, an activity that generates a large amount of CO2 emissions and is therefore very harmful to the environment. Based on this, we agree with other studies [51] that introducing the concept of electric vehicle into the energy-related issues of the secondary stage would contribute to the reduction of emissions and avoid the inevitable future oil crisis [52]. Likewise, another appropriate curricular proposal would be the study of the fuel cell, as it is considered a present and future energy element in energy management [53]. But it would also be interesting to work in Secondary School on the carbon footprint since it directly affects renewable energies that fight against climate change and its pro-environmental recognition is legally covered by Royal Decree 163/2014 [54], which creates the registry of carbon footprint, compensation and carbon dioxide absorption projects.



At the same time, we conclude that there is an urgent need to investigate the scientific knowledge of the energy problem, promoting research in all disciplines related to it. The efficient generation and consumption of energy can bring about a positive change at a global level. Some authors [11,17,18,55], consider that the training of citizens in efficient and sustainable energy issues is an essential factor when solving technological problems that arise in our daily lives. For this reason, it is also necessary to acquire social measures that insist on the reduction of pollution when energy is used, on the use of renewable and non-polluting energies (solar, wind, geothermal, etc.) and on the increase of efficiency in the use of energy (low consumption light bulbs, public transport, bicycles instead of cars, etc.). In other words, political, social, scientific and technological measures must emphasize the importance of small individual actions to progress towards a pro-environmental approach [56].



It is concluded that the promotion of environmental education in the different educational stages is a very important factor for the adequate training of all the members of society, since this would imply an awareness in this field generating responsible and sustainable changes [57]. However, the existence of obstacles such as the scarce culture of sustainability of many teachers, the use of traditional methodologies, the saturation of the curriculum of the different itineraries with purely theoretical contents, the absence of collective reflection on these problems or the lack of didactic resources limits this transversal learning of future generations [46]. In order to materialize sustainable knowledge and attitudes in schools, the involvement of all educators is essential to prepare a society capable of using their knowledge, not only in a scientific context, but also for social and environmental needs [47]. This implies the development of competencies in sustainability in university teaching [58,59,60], incorporating knowledge, values and sustainability criteria as essential dimensions in the training of future professionals and the educational community in general.
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Figure 1. Number of times (n) that secondary and baccalaureate educational regulations mention energy and waste from the point of view of sustainability. 
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Figure 2. Percentage of references in the levels of Cognitive Demand of the concept of energy in CSE and Baccalaureate. 
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Table 1. Number of times (n) and percentage the reference to energy appears in the different categories in the specified regulation.
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	Energy Sources (ES)
	Energy Management (EM)
	Technology (TE)
	Awareness and Ethics (AE)
	Energy Efficiency (EE)
	Total





	Royal Decree 1105/2014
	21 (32.81%)
	9 (14.06%)
	4 (6.25%)
	5 (7.81%)
	25 (39.06%)
	64



	Decree 98/2016
	22 (32.84%)
	10 (15.38%)
	9 (13.84%)
	2 (3.07%)
	22 (33.84%)
	65



	Total
	43 (33.33%)
	19 (14.72%)
	13 (10.07%)
	7 (5.42%)
	47 (36.43%)
	129
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Table 2. Number of occasions when the concept/reference of energy appears from the point of view of development, responsibility, efficiency and sustainability, and percentage, in the different subjects in the Compulsory Secondary Education (CSE) study plan. Abbreviations: Contents (CO), Evaluation Criteria (EC), Learning Standards (LS), and Introduction (I).
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Subject

	
Year

	
Royal Decree 1105/2014

	
Decree

	
Total References

	
%




	
98/2016




	
CO

	
EC

	
LS

	
I

	
%

	
CO

	
EC

	
LS

	
I

	
%

	

	






	
Biology and Geology

	
4th

	
1

	
1

	
1

	

	
7.6

	
1

	
1

	
1

	

	
10.7

	
6

	
8.9




	
Sciences Applied to Professional Activity

	
4th

	

	
2

	
1

	

	
7.6

	

	
2

	
1

	

	
7.1

	
6

	
7.4




	
Geography and History

	
1st

	

	

	
1

	

	
5.1

	

	

	

	

	
0

	
1

	
2.9




	
3rd

	

	

	

	

	

	

	

	
2

	

	
7.1

	
2

	
2.9




	
Physics and Chemistry

	
2nd

	
2

	
4

	
5

	

	
28.2

	
2

	
2

	
4

	

	
28.5

	
19

	
28.3




	
3rd

	
2

	
4

	
5

	

	
28.2

	

	

	
1

	

	
3.5

	
12

	
17.9




	
Scientific Culture

	
4th

	

	
2

	
2

	

	
10.2

	
2

	
2

	
1

	

	
14.2

	
9

	
11.9




	
Technology

	
4th

	
1

	
2

	
2

	

	
12.8

	
2

	
2

	
1

	

	
21.4

	
10

	
16.4




	
3rd

	

	

	

	

	
0

	
1

	

	

	

	
7.1

	
1

	
2.9




	
Total CSE

	
6

	
15

	
17

	
0

	
100

	
8

	
8

	
12

	
0

	
100

	
66

	
100
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Table 3. Number of occasions when the concept/reference of energy appears from the point of view of development, responsibility, efficiency and sustainability, and percentage, in the different subjects in the Baccalaureate study plan.
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Royal Decree 1105/2014

	

	

	

	
Decree 98/2016

	
Total References

	
%




	
Subject

	
Year

	
CO

	
EC

	
LS

	
I

	
%

	
CO

	
EC

	
LS

	
I

	
%

	

	






	
Physics

	
2nd

	

	
1

	

	

	
4

	

	

	

	

	
5.4

	
3

	
4.8




	
Geography

	
2nd

	
1

	
1

	
1

	

	
12

	
1

	

	

	

	
8.1

	
6

	
9.6




	
Geology

	
2nd

	
3

	
3

	

	
1

	
28

	
3

	

	

	

	
16.2

	
13

	
20.9




	
Contemporary World History

	
1st

	
1

	

	

	

	
4

	
1

	

	

	

	
2.7

	
2

	
3.2




	
Chemistry

	
2nd

	

	
1

	
1

	

	
4

	

	

	
1

	

	
2.7

	
3

	
3.2




	
Earth and Environmental Sciences

	
2nd

	

	

	
4

	
1

	
20

	
8

	

	

	
1

	
32.4

	
18

	
27.4




	
Industrial Technology I

	
1st

	

	
2

	
3

	
1

	
24

	
4

	
2

	
3

	
1

	
29.7

	
16

	
27.4




	
Physics and Chemistry

	
1st

	

	

	
1

	

	
4

	

	

	

	
1

	
2.7

	
2

	
3.2




	
Total Baccalaureate

	
5

	
8

	
10

	
3

	
100

	
17

	
7

	
10

	
3

	
100

	
63

	
100
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