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Abstract

This article is part of a research project funded by the FECYT (Spain) that seeks to improve 
education in the field of sustainability and technology related to the circular economy among 
pre-university students in the Castilla-La Mancha community in Spain. Education is the most 
appropriate entry point for citizen awareness of the circular economy, and actions by teachers 
subsequently permeate their students. Therefore, this article measures the degree of awareness 
of non-university education teachers regarding the circular economy, determining the type of 
didactic action that may be effective, and presents a comprehensive educational intervention 
carried out with them through a blended learning course. The main teaching resource used was 
video, with interviews with women scientists and educational experts in the areas of sustainability 
and the circular economy. The methodology used was quantitative for the analysis of teacher 
awareness, with a questionnaire being used as an instrument, and qualitative for the analysis of 
the type of educational action, for which a focus group of experts was used. The results obtained 
regarding the level of teacher awareness show that the interest of teachers in the circular economy 
is medium-low and that among the stakeholders the degree of commitment and concern is 
between high and very high (83%). The dimensions analyzed in the focus group included 
curricular adaptation, educational measures, methodologies, and resources and materials. At the 
end of the intervention described, the expectation was to obtain a repository of videos created by 
the students themselves that could be integrated into new educational proposals, thus promoting 
greater commitment among the educational community to this problem.
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Resumen

Este artículo forma parte de un proyecto de investigación financiado por la FECYT (Spain) que 
busca una mejora educativa en el ámbito de la sostenibilidad y la tecnología relacionada con la 
economía circular entre el alumnado preuniversitario de la Comunidad de Castilla-La Mancha 
(España). La educación es la más adecuada vía de entrada de la conciencia ciudadana respecto de 
la economía circular, y las acciones en los docentes permean después a su alumnado. Por ello, en 
este artículo se midió el grado de sensibilización de los docentes de educación no universitaria en 
relación con la economía circular, se determinó el tipo de acción didáctica que podía ser efectiva 
y se presenta una intervención educativa integral llevada a cabo con ellos a través de un curso de 
formación semipresencial. El principal recurso didáctico utilizado fue el video, con entrevistas a 
mujeres científicas y a expertos educativos en ámbitos de sostenibilidad y economía circular. La 
metodología empleada fue cuantitativa en el análisis de la sensibilización del profesorado (para 
lo que se ha empleado como instrumento un cuestionario), y cualitativa para el análisis del tipo 
de acción didáctica (grupo focal de expertos). Los resultados acerca del nivel de sensibilización 
del profesorado obtenidos arrojan que el interés de los docentes por la economía circular es 
medio-bajo, y que entre los interesados el grado de  compromiso y preocupación se sitúa entre 
alto y muy alto (83%). Las dimensiones analizadas en el grupo focal apuntan a la adecuación 
curricular, las medidas educativas, las metodologías y los recursos y materiales. Al término de 
la intervención presentada se espera obtener un repositorio de videos creados por los propios 
estudiantes que puedan ser integrados en nuevas propuestas educativas, favoreciendo, con ello, 
un mayor compromiso entre la comunidad educativa ante esta problemática.

Palabras clave: cuestionario, economía circular, educación no universitaria, sensibilización, formación 
del profesorado, video didáctico.

Introduction

When we talk about municipal solid waste (MSW), or domestic waste (Law 22/2011 of July 28 on 
Waste and Contaminated Soils), we refer to all waste that is generated due to domestic and commercial 
activity in towns and cities. This type of waste causes multiple effects, such as atmospheric, edaphic (soil), 
and groundwater pollution, among others.

In 2007, the total amount of waste generated worldwide was 3.2 gigatons (Gt), of which 1 Gt was recycled or 
reused, 0.7 Gt was incinerated, converted into gas, fertilizer or aggregates, and 1.5 Gt was dumped in landfills 
(Tisserant et al., 2017). This flow of materials contains enormous amounts of potentially usable resources and 
represents a great opportunity to promote the development of the circular economy (hereinafter CE), where 
states have an important and decisive role, since they are the ones who have to implement the necessary 
measures and fan the flames of change (Inocêncio da Silva & Ferreira Maia, 2017). However, the reality is that 
the proportion of MSW that is recycled or reused is still very low. In Spain, for example, that percentage is 
only 43.3% (Seguí, Medina, & Guerrero, 2018), which is far below the level agreed in the European Circular 
Economy Action Plan in 2015: to increase recycling of MSW to 65% and reduce the proportion of MSW that 
goes to landfills to 10% by 2030. In order to meet this target, it would be necessary to increase recycling in the 
European Union nations from 97 Megatons (Mt).
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The climate problem has become a global threat that jeopardizes the sustainability of the current production 
model, which could lead to a future where essential resources such as fresh water become a source of conflict 
due to their scarcity. Indeed, it is estimated that the extraction of resources from the Earth is 1.7 times greater 
than the sustainable capacity (Soto, 2018). Moreover, extractivism is a local problem that facilitates a global 
solution, constituting the first link in international marketing and production chains (Gudynas, 2015; 2018).

Meanwhile, poor recycling of certain products that contain non-biodegradable materials leads not only to an 
environmental cost, but also an economic one, since it is estimated that the plastic that ends up in the seas and 
oceans negatively affects sectors such as tourism or fishing, causing losses of up to 13 trillion dollars (Kaplan, 2015).

That said, in order to achieve these commitments we must act on the basis of citizen education, that is, to 
educate the youngest members of society and their teachers in knowledge and recognition by appropriating the 
concept. This makes it essential to have effective environmental education strategies to develop a sense of care 
and respect for the environment, among both present and future generations (European Commission, 2014; 
European Commission, 2017). As Molano (2012) argues, highlighting and assessment of this problem is essential, 
because combating cultural conformism is the first step towards achieving a paradigmatic change.

From this perspective, an ideal environmental education is that in which the individual subjects that make up 
a society manage to acquire a collective conscience by which they appreciate the conservation of the ecosystem, 
in such a way that they move towards propitious and effective use of raw materials, meaning their benefits will 
thus last longer (Macedo & Salgado, 2007). The objectives of this type of education also involve being aware 
of the problem and the guidelines to follow, since the possible consequences of implementing the work at the 
curricular level represent different aspects related to social and environmental concerns (Maya, 1998).

If these measures were made effective, environmental education would be the cornerstone of planning in all 
contexts, taking into account the particularities of each specific area (Torres Consuegra, 1996). Some authors 
such as Monclus and Sabán (1999) have already established three alternatives in this respect: establishing cross-
cutting themes as contents that establish a position—both individual and collective—in the face of environmental 
problems, relating the contents to values and attitudes that allow students to autonomously develop reflections 
which promote personal behaviors, and including the contents in the curricular areas that are already established.

Taking into account the aforementioned premises, the main objective of this study was to seek an educational 
improvement in the area of sustainability, as well as technology related to the CE and the reuse of MSW among 
pre-university students, for development of an educational intervention. In order to do this, action was undertaken 
on the two fundamental pillars of the CE: teachers and students.

From a Linear Economy to a Circular Economy

Since the first climate conference in Stockholm in 1972 (United Nations, UN, 1973)—better known as the 
First Earth Summit—and despite the conflicts caused between the governments of the various states due to 
economic interests, international concern for the environment has grown in relation to technical, demographic, 
and cultural issues (Boudes, 2011). This first “soft legislation” regarding international issues related to the 
environment was the beginning of certain shifts towards new, “greener” models of action. Thus, based on 
unacceptable economic and social growth, the participants agreed on a series of principles and recommendations 
for action at the international level, because it was understood that coordinated work between the socioeconomic 
and environmental dimensions would allow sustainable development and environmental awareness to be related 
effectively, as long as internationally integrated structures were promoted, such as:
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•	 planning and management of human settlements from the perspective of environmental quality 
(Recommendations 1 to 18); 

•	 the organization of natural resources and their relationships with the environment 
(Recommendations 19 to 69); 

•	 pollutants at the international level (Recommendations 70 to 94);

•	 educational, informational, social, and cultural aspects related to the environment 
(Recommendations 95 to 101);

•	 development of the environment (Recommendations 102 to 109). 

All these recommendations pointed to “the limits of economic rationality and the challenges generated by 
environmental degradation to the civilizing project of modernity” (Leff, n.d., fourth paragraph).

Similarly, this space provided the raw material for the development of an intellectual, moral, social, and spiritual 
vision regarding the environment, because it was understood that there was a need for consumer habits to change 
to prevent the destruction of the ecosystem from becoming irreversible (Ramírez, Sánchez, & García, 2004). 

All of these ideas are implicit in the concept of the CE, as contended by Pearce and Turner (1990), who 
demonstrated the impact that the economy of the time had on the environment, analyzing the linear economic 
model and its effects. In the same vein, Stahel and Reday (1981) understood the economy as a circular system 
with a constant flow of materials, which allowed maximum care of spending, facilitating the creation of new 
jobs and improving efficiency by innovating in new technologies. Understanding the scope of these views, the 
European Community was one of the world forerunners in adopting these types of measures, creating the first 
Environmental and Consumer Protection Directorate, and the first Environmental Action Program (1973), the result 
of which was the Green Book as a tactic to moderate waste produced from fossil fuels (European Commission, 2013).

As a concept, we can say that the CE is an economy capable of taking advantage of the durability of products, 
which promotes eco-consumption, reuse and repair, recycling of waste, the market for secondary raw materials, 
as well as “new models of business such as industrial ecology, territorial symbiosis, the economy of functionality, 
the collaborative economy, etc.” (Economía Circular, 2017, p. 5).

This is therefore in contrast to the current linear economy of extraction, manufacture, consumption, and 
disposal, since the three principles of the CE are: conservation and improvement of natural capital; optimization 
of returns on resources; and promotion of the efficacy of the system. This is only feasible if there is regeneration, 
sharing, optimization, creation, virtualization, and appropriate use of waste to allow an economic boost that 
supports the productivity of resources, promoting natural capital and its resilience (Webster, 2017). These 
are terms that are clear even to children (Fernández, 2018), but which are not usually practiced, because to 
do this a regenerative and ecocentric posture must be assumed that acts on specific aspects that prevent this 
change in mentality (Sandoval-Ruiz & Ruiz-Díaz, 2019). This includes, for example, improving the quality 
of products and efficiency in the sale and recycling process (Stahel & Reday, 1981) and generally following a 
series of fundamental precepts such as: the design of waste prevention, building resilience through diversity, 
use of renewable energies, waste is food, systems thinking, waterfall thinking, and a focus on performance 
(Fundación COTCE para la Innovación, 2019).

However, harmonizing human actions and economic growth with the protection of the environment is not 
a simple challenge, since the dominant paradigms that are most damaging must be broken so environmental 
rationality inevitably involves becoming human beings that are integrated with nature (Leff, 2004).
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From this perspective, increasing social awareness to change the current economic model will directly encourage 
more appropriate use of urban waste and, thus, the generation of new products with high added-value on the 
part of social agents (citizens, institutions, etc.).

Raising awareness, educating, and building in the CE and MSW

Educational experiences in the recycling of plastic, glass, wood, or cardboard have been developed 
extensively by various organizations (Apud Porras, 2012; Ecoembes.es, n.d.), and universities (Wadel, Pérez, 
Giacomelli, Scheffer, & Pascual, 2018). 

In contrast, MSW has so far had a smaller impact in the media and, therefore, there are fewer actions to 
promote citizen awareness. This situation diverges from the urgent need to achieve a change in the way that this 
kind of waste is treated, as reflected in all the regulations that have been developed in the field of our research 
and which are being shaped in European, national, and regional laws (Centro para el Desarrollo Tecnológico 
Industrial, CDTI, 2016; España Circular 2030, 2018; Gobierno de España & European Commission, CE, 2017; 
Ley de Economía Circular de Castilla-La Mancha, 2019).

On the other hand, it is obvious that a good CE strategy inevitably involves making great efforts in the area 
of information, awareness, and education, and that these efforts should also be aimed at all types of publics 
(Economía Circular, 2017). It is therefore essential to develop pilot projects (Fernández-Cézar, Pinto-Solano & 
Muñiz-Hernández, 2018) through educational actions in initial training centers (elementary and secondary), 
in which tasks are implemented to raise awareness, such as reducing consumption (raising awareness about the 
ecological cost of making a product) or taking advantage of waste recycling, giving it a new added value, which 
would allow us to see the enormous possibilities that the bioeconomy has in the place where one lives (Buckland, 
2007). This can be observed in the case of Castilla-La Mancha, which, being a community largely focused on 
agricultural production, “generates a significant contribution to the emission of greenhouse gases, which is 
increased with disposal and generation of waste, as well as the loss of organic matter for the soil” (Avilés Pozo, 2018).

The CE and education

As we have already mentioned, the CE is in contrast to the linear economy. For this reason, one of the 
proposals of the European action plan is to provide economic incentives to manufacturers of green products 
and to support recovery and recycling. Despite the effort, the possibility of improving processes and orienting 
them towards the CE rests upon the education system and thus training people with the necessary skills to be 
familiar with the processes and resources related to the CE and who will study subjects in science, technology, 
engineering, art, or mathematics (STEAM).

As far as we know, there are no pre-university educational programs in Spain that involve studying the CE. 
Similarly, in the Spanish university-level education system (degree, master’s, and doctorate) the training offering 
varies from a single course to a complete master's degree and they include very general coverage of the subject, 
without analysis that addresses the specific potentialities of the regions (Ruiz-Pastor, Mulet, & Chulvi, 2018). 
There is, therefore, a recognized need to increase the presence of the CE in STEAM studies and in the education 
system at lower levels, as well as to increase the training offering in the different regions in terms of the aspects 
that the CE implies in each area and the green employment possibilities that its implementation entails.

We believe that it is important to develop STEAM training programs or actions at the pre-university level 
that consider the CE, since early knowledge promotes its assimilation and can have an impact on the choice 
of subsequent studies. On the other hand, we also consider it essential for these actions to be carried out in 
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contrasting manners in rural and urban settings, since social relations are very different in these contexts 
(Salvia, Andreopoulou, & Quaranta, 2018), and it is also known that adolescent students have more stereotyped 
perceptions than other populations, typical of this time of their lives (Barth, Kim, Eno, & Guadagno, 2018; 
Stadler, Baganz, Vermeulen, & Keesman, 2015), which are fueled by the conceptions that rural school teachers 
have about science, as reported in a study by Ruiz Medina, Parga Lozano, and Martínez Pérez (2009). However, 
with these students, we also have time to generate a change in their perceptions, which are not yet fully formed 
and are more susceptible to being modified than those of adults.

Instruments to measure perception or awareness 

Despite the limited scientific literature on awareness of the CE, there are several questionnaires on perceptions 
and appraisal of the environment. So we found various instruments with confirmed psychometric properties, 
such as the Encuesta de ecología y medio ambiente (Survey of ecology and environment) from the Ministry of the 
Environment (2010) and the New Environmental Paradigm Scale, which includes 16 beliefs about humanity's 
relationship with the planet and the impact of its activities on it (Dunlap, Van Liere, Mertig, & Jones 2002; 
Vozmediano Sanz & San Juan Guillén, 2005). In spite of this, none of these studies include a predictive analysis 
regarding recycling behavior in the subjects studied, which is the case in the Cuestionario sobre la conducta de 
reciclaje basada en la conducta planificada (Questionnaire on recycling behavior based on planned behavior) (Aguilar 
Luzón, García Martínez, Monteoliva Sánchez, & Salinas Martínez de Lecea, 2006), where the measurement 
of the variables of the model of value, norms, and beliefs (VNC) towards the environment and the theory of 
planned behavior (TPB) are used, an important aspect to be able to discern what one thinks should be done, or 
the discourse and actions that would later be consciously carried out.

Previous research on the CE and education

There is little scientific literature in which efficient work has been done on raising awareness of the CE. Some 
recent studies that we echo can be found in research that has been conducted in nations such as China, Finland, 
or Italy on how to begin moving towards sustainable development (Guo & Zhang, 2014). The most important 
inference—with these studies agreeing on this—is that despite having sufficient potential and infrastructure to 
develop good environmental policy, these efforts may not be successful if the basis for this growth is not quality 
environmental education from the base itself up to the global level, in such a way that it can be established as a 
transversal value (Åhlberg, Aineslahti, Alppi, Houtsonen, & Nuutinen, 2014; Chen & Chen, 2019).

Other studies have been aimed at the creation of gamified materials, such as the board game In the Loop, 
which enables learning about the major concepts of the CE and the sustainability of raw materials (Anderberg 
& Thisted, 2015; Whalen, Berlin, Ekberg, Barletta, & Hammersberg, 2017). 

Objectives

Considering the educational situation described above, the following objectives were set out in this study:

•	 Measure the level of awareness regarding the CE among non-university teaching staff.

•	 Determine the type of action that would be necessary in education.

•	 Present a teaching intervention to contribute to the knowledge and awareness of these teachers.
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Methodology

The methodology used in this research was quantitative with non-probability sampling in terms of measuring 
the level of awareness of non-university teaching staff, and qualitative as regards determining the type of action 
required and the design of the comprehensive teaching intervention.

In order to achieve the first objective, we used a questionnaire based on that developed by Sánchez-Emeterio 
and Figueira (2019), to which we added terms related to the circular economy in which we considered the level 
of interest in the CE on the part of non-university teaching staff, along with the number of enrollees in a course 
offered by the Regional Center for Teachers (CRFP) in Castilla-La Mancha, Spain, and the number of those 
teachers who completed the questionnaire and their responses. Based on these selective criteria, there were 50 
participating teachers who enrolled in the course and 32 of them completed the questionnaire, which ended up 
representing the sample for this study. 

Of these 32 teachers, 23 were women and seven were men, and two did not state their gender. With regard 
to the educational stages in which they practiced their profession, five of them were pre-school teachers, five 
worked in elementary education, and the remainder worked in secondary education; 20 of them taught science 
classes and two taught economics subjects (Figure 1).

Population: 33.199
Non-university teachers CLM

Sample for teaching action: 50 
Teachers enrolled in CE course

18 teachers 
did not complete 

course

2
did not state 
their gender

7
men

5
Pre-school 
education

5
Elementary 

school

22
Secondary 
education

20
science 
teachers

2
economics 

teachers

23 
women

Sample:
32 teachers

Sample 
selection

Gender
Education 

level

Figure 1. Flowchart showing the section process for the sample.

The questionnaire used included questions about the teacher's concern about the environment and their 
knowledge of certain issues related to the CE, such as: “On a scale from 1 to 5 where 1 = not at all concerned 
about the environment and 5 = very concerned, how would you generally consider yourself?”
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The terms on which the teachers were consulted were: the CE, ecosystem, linear model of production-
consumption, sustainable development, economic decline in production and consumption, overexploitation, 
pollution, water cycle, recycling cycles, climate change, low consumption applications and programs, gasification, 
sustainable chemistry, eco-social literacy, glass recycling, zero energy consumption building, sustainable food 
systems, sustainable food production technology, and hydrogen electrocatalyst.

In order to achieve the two remaining objectives, we used the technique of a focus group of experts. Their 
results, along together with those obtained in the questionnaire, by means of triangulation, served to carry 
out an overall teaching training intervention and dissemination with the aim of raising the awareness of the 
teachers included in the study regarding the concepts of the CE and so they, as a consequence, would serve as 
transmitters of this knowledge in their classrooms. 

Results

Analysis of questionnaire

With regard to the interest and concern shown by the teachers regarding the topic studied, 43.75% declared 
themselves to be very concerned, 40.63% said they felt concerned, and 12.5% said they were somewhat concerned, 
while none of them stated that they were almost or not at all concerned. 

In terms of their knowledge about the concepts related to the CE, the teachers stated that the term most 
unfamiliar to them was “hydrogen electrocatalyst”, followed by “sustainable chemistry”. The terms that the 
majority of teachers indicated that they knew little about were: the “circular economy”, the “linear production-
consumption model”, “economic decline in production and consumption”, “low consumption applications and 
programs”, “gasification”, “eco-social literacy”, “zero energy consumption building”, “sustainable food systems”, 
and “sustainable food production technology”. Finally, the terms that they indicated they were very familiar with 
were:  “ecosystem”, “sustainable development”, “water cycle”, “pollution”, “overexploitation”, and “recycling cycles”.

The teachers declared themselves to be more knowledgeable about the terms that are more general, perhaps 
because they are already part of the vocabulary of practically all citizens, as they are more common in the media. 
In contrast, they stated that they were unfamiliar with specific technologies such as the hydrogen electrocatalyst, 
and somewhat more familiar with technologies related to food and recycling (Figure 2). 



teaching resources to raise the awareness of non-university teachers and students regarding the circular economy

9

1

1

1

1

1

1

1

1

1

1

1

4

5

4

1

5

4

4

14

7

2

4

0

2

0

0

0

0

0

2

9

12

8

3

5

2

5

9

15

5

13

8

14

7

5

4

8

4

21

14

9

13

15

10

14

11

7

8

14

10

12

11

15

14

15

17

19

7

4

5

5

10

10

10

11

1

1

10

4

11

4

9

12

12

6

8

1

1

1

2

3

2

2

1

1

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Totally unfamiliar Quite unfamiliar Somewhat familiar Quite familiar Totally familiar

Hydrogen electrocatalyst

Sustainable food production technology

Sustainable food systems

Zero energy consumption building

Glass recycling

Eco-social literacy

Sustainable chemistry

Gasification

Low consumption applications and programs

Climate change

Recycling cycles

Water cycle

Pollution

Overexploitation

Economic decline in production and consumption

 Sustainable development

Linear model of production-consumption

Ecosystem

Circular economy

Figure 2. Degree of participating teachers’ knowledge of terms related to the CE.

Analysis of focus group 

All of the experts participating in the focus group (five) have worked as teachers employed at universities 
and working in the field of education in different areas. Therefore, they were a multidisciplinary group with 
experience in issues related to the environment.

Based on the analysis carried out, we obtained the type of actions that are necessary at the educational level.

The analysis by the group of experts was focused on four topics of discussion: adaptation of content about 
sustainable development and the CE; educational measures to raise awareness and sensitize young people on 
this subject; more effective educational methodologies to raise awareness among students; and more effective 
types of digital resources to work on these types of topics in the classroom.

The following table shows the points on which there was agreement between the experts.
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Table 1 
Analysis of the topics by the focus group of experts

Topic Points of agreement Disagreement

1 Curricular 
adaptation

• Curricular integration.

• Interdisciplinary.

• Globalized.

• Depends on the teacher whether 
they want to include the topic or 
not.

2 Educational 
measures

• Young people have to be reached, since there is a 
duality among them (aware and unaware).

• Lack of connection between the institutions and 
their surroundings.

• There is greater presence of educational actions 
regarding the CE in non-formal education. This 
type of action should be promoted in the area of 
formal education.

• Excessive responsibility upon 
the individual and not upon the 
communities (“eco-anxiety”).

• Society destroys the critical 
thinking of students in light of 
this problem.

• Awareness exists, but in specific 
areas (science). This has to be 
encouraged transversally.

3 Methodologies

• Active: Service learning, problem-based learning, 
game-based learning, problem solving.

• Games as a strategy are essential (videogames, 
gamification).

• Stories, excursions, workshops.

• Situational learning. 

• Open educational resources 
(OER).

• Teaching based on practice 
to achieve conceptualization 
(learning by doing).

4 Resources and 
materials

• Videoconferencing.

• Any resource in accordance with the learning 
style.

• Videogames, social media (Tik Tok, Instagram).

• Augmented reality.

Source: Prepared by the authors.

Although there are certain disagreements, 100% of the experts advocated the inclusion of the concepts related to the CE 
in the classroom in a cross-cutting and interdisciplinary way, since they view this as not being a problem that concerns 
a curricular subject or area, but the educational dimension should instead be approached in a comprehensive way. 

In terms of the educational measures to be taken, the responsibility of the school with regard to this type of 
problem is clear (80%). The information that reaches the student through the media (internet) is not always positive, 
as there is a clear duality between the students who are most aware and those who are not. Similarly, family 
environments are often a reflection of a society that is not very conscientious and supportive, so it will ultimately 
be the school that will provide responses and solutions to this deficiency, creating critical and responsible citizens.

The term “eco-anxiety” draws the attention and, although not all of the experts point to it as a problem 
(60%), it has taken on increasing relevance, even being considered as a possible disorder that the American 
Psychological Association defined as “A chronic fear of environmental doom” (Whitmore-Williams, Manning 
Visiting, Krygsman, & Speiser, 2017, p. 68). 
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The experts also recognize that active methodologies are more effective than other teaching strategies. All 
of them backed learning based on problems or inverted classes, while 80% favored the use of gamification. 
Finally, 60% were interested in open educational resources (OER), as well as situated learning. In this respect, 
despite the fact that classrooms have advanced technology, there is still some suspicion among teachers about 
using certain more innovative techniques.

Lastly, in terms of resources, the experts believe that those linked to methodological strategies, should 
be used based on the student's learning styles and there is a majority consensus regarding the use of 
videoconferencing as a resource to achieve this aim.

Educational intervention

Based on the main objective of this study, which was to seek educational improvement in the field of 
sustainability, CE-related technology, and the reuse of MSW among pre-university students, the following 
teaching and innovation objectives were outlined for the development of the educational intervention: 

•	 To contribute to the knowledge of Spanish scientists in the field of the CE.

•	 To be familiar with the degree of awareness and knowledge of teachers about the elements that 
comprise the CE.

•	 To promote proactive awareness of students regarding this topic through gamification activities 
(competition).

•	 To promote the use of teaching materials by teachers aimed at raising awareness of the CE.

At this stage of the intervention, the preparation of the work entailed three main actions: the creation of a 
web environment and audiovisual materials, creation and implementation of a teacher training course, and a 
competition involving videos about the CE.

Action1: Creation of a web environment and audiovisual materials1

The audiovisual material created for the project consisted of 10 interviews with female scientists dedicated 
to research related to the CE. Each meeting was carried out in the form of a didactic video (Gértrudix, Rajas, 
Barrera, Bastida, & Soto, 2017) and with a set structure: presentation; life stories about how and why they 
became researchers, their motivations, their most important lines of research, and which of them were linked 
to the CE, emphasizing the chemical elements they use and which are involved in it, and personal views about 
equality and parity for women in research and science.

1.  All of the content of the intervention, along with the resources created, can be seen at the following link: 
https://cienciacreactiva.bio3project.es/ 

https://cienciacreactiva.bio3project.es/
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Figure 3. Example of presentation of the videos of the female scientists interviewed.

Some 30% of the women interviewed were university lecturers, while 10% worked in companies, and 60% 
worked as researchers at the Center for Scientific Research, CSIC. All of them were responsible for research 
projects and only 30% of them were the directors of those projects. Their main topics of research include the 
following: waste recovery in the home, development of software and apps, drinking water, eco-social awareness 
and literacy, glass recycling, design of buildings with low energy consumption, food industry, hydrogen chemistry, 
prepared food, and gasification of organic products.

Action2: Creation and implementation of a teacher training course

The methodological design (blended learning) used for the course focused on the idea of microlearning, that 
is, “small units of content and design of short-term learning activities” (Santiago, 2015, first paragraph). The 
structure of each unit or module (Figure 4) thus consisted of a brief introduction to reading documents and a 
series of activities that helped with understanding the content. 
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Figure 4. Modules and content of teacher training course.

Action 3: Video competition on the CE

The main factor to achieve the objective of raising awareness about the CE is to give the students a voice 
through their own products, which has been assessed by Gavilondo Rodríguez (2016) regarding the student’s 
interest in the video to visualize their work better. 

The competition was therefore aimed at having the students participate, along with their teachers, to create videos 
about the CE, women in science, and chemical elements. In order to select, assess, and present awards, we considered 
the quality of the gamification, the format, and the content with which they worked (Gértrudix et al., 2017).

Figure 5. Poster and pamphlet to promote the competition.
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Unfortunately, due to the COVID-19 pandemic—and because education centers in Spain were working with 
online education—the awards were presented via videoconference. 

Figure 6. Virtual presentation of awards.

Conclusions, Discussion, and Outlook for the Future

Strategies for transition

Throughout this paper we have been able to demonstrate the need for a paradigm shift in the system of 
production and consumption. In order to have a solid base on which to build a long-term project, it is essential 
to have a favorable international framework that allows and promotes the development of research that advocates 
for this change (European Commission, 2014; European Commission, 2017).

Nevertheless, various authors have shows that cultural barriers prevent the CE from moving on from being 
a discourse for the minority to a generalized idea (Canal Vieira & Gonçalves Amaral, 2016; Kirchherr et al., 
2018). As Enrique Leff (2017) states, political ecology must be constructed on the basis of diversity “through 
a policy of difference and an ethic of otherness. This is the view that opens up the creative dialogue between 
the regional political ecologies of the world that converge with and are traversed by their power strategies” 
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(p. 251), that is to say, a political epistemology which must address profound study of the “knowledge of 
cultures about their social and productive organization, about their relationship with nature, and with the 
dominant economic order” (Leff, 1998, p. 233).

We live in a world dominated by neoliberalism that responds more to a type of political strategy than to the 
underlying economic imperatives, so we have to seek an environmental rationality in which cultural diversity 
is given primacy, “the over-economization of the world is being questioned, the excessive reifying rationality of 
modernity, the excesses of objective and utilitarian thought” (Leff, 2004, p. X of prologue). In this respect, in 
1971, Eduardo Galeano, in the essay Las venas abiertas de América Latina, commented that “the international 
division of labor consists of some countries specializing in winning and others in losing” (p. 15), a situation 
also criticized by the Canadian philosopher Naomi Klein (2000): “The Third World, as they say, has always 
existed for the comfort of the First” (p. 34), when she argues that Nike shoes, Barbie dolls, or Starbucks coffee 
are manufactured in the workshops of Vietnam, Sumatra, or Guatemala, thanks to neoliberalism and the 
prevailing globalization. Thus, far from finding ourselves in a situation of progress, with each year that passes 
we see ourselves with a more unequal world, where the gaps are not only technological, but where the otherness 
of the north compared with the south is also evident in scientific colonialism (Espinosa, 2020).

Considering all of this, implementing the model of the CE entails a great many challenges. These include 
changing mentalities, imposed paradigms, and the habits of modern consumerism, where the preference for 
exclusivity and authenticity undermine the CE principles of recycling and reuse (Hood, 2016).

Education for sustainable development

The study of recycling at all levels of education has proved to be an enriching experience. There has been an 
evident increase in interest to learn about and improve knowledge about environmental sustainability in recent 
years, since this type of education involves multidisciplinary learning in areas such as science, chemistry, mechanics, 
electricity, etc. However, the benefits go beyond the merely educational, because work on the importance of 
recycling and the effects of climate change goes beyond this, building towards the need for a paradigm shift 
that can allow renewed teaching regarding an alternative model, such as the CE. 

We have experienced almost 50 years of ignored warnings based on the science despite an “emergency situation 
on a planetary scale” (EsXrebellion, 2019, first paragraph), and, although economic power is globalized and 
does not serve true environmental democracy as a political ontology where it is possible for “many worlds 
to live in this world” (Leff, 2017, p. 248), small educational actions such as those we have outlined can help 
young people understand the environmental rationalization to which Enrique Leff (2004) refers and thus 
identify that certain human actions damage not only our immediate environment, but also negatively affect 
the way of life of other peoples and contexts.

This awareness must begin at the earliest levels, where there are already examples of how to help recycling work 
in the classroom, since this creates awareness among individuals who, for the most part, have not had similar 
external experiences and who will have to deal with the long-term impacts in the future. 

Resources and materials to raise awareness and for change towards a CE

We have been able to observe that there are certain resources and teaching materials that are more efficient 
when it comes to generating an educational improvement in knowledge and awareness about the CE among 
pre-university students. In this respect, the internet and advanced technologies help enhance the connection 
between the learner and the content, influencing human behavior and how to assess changes in behavior.
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Persuasive design—which is based on influencing human behavior through a product’s characteristics—is 
capable of promoting certain objectives of sustainable development such as, for example, the control of food 
wastage as a way of regenerating economic and environmental development (Fogg, 2009).

Another aspect is gamification, which is based on the notion that enjoying a game is an effective way of learning 
(Singer, Golinkoff, & Hirsh-Pasek, 2006). This educational resource makes it possible to erode differences and 
make the objective closer and more real in the implementation of environmental education, for instance, with 
virtual reality, since there is evidence that this can generate changes in students’ behavior (McComas, 2002).

Education as a value for the future 

In light of the constraints in the transition to the EC, the school could hold the key to a sustainable future 
in which the consumer model is more respectful to the environment and more concerned about the planet 
(Buckland, 2007). We have been able to demonstrate this in the Ciencia CreActiva project, where the value of the 
products created by the students and guided by their teachers have generated positive conscience and awareness 
regarding the elements of the CE studied. Work with these kinds of realities in education can gradually form 
critical citizens who have an ecological conscience that allows us to advance towards the future.

On the other hand, the teacher has to be the best guide to help effect change and raise the awareness of 
their students by creating the desire to learn (Jay, 2014), which implies obtaining specific training in current 
topics that will help them continue with their teaching work and, therefore, they will contribute clearly 
to guiding their students on topics such as the CE (students expect the teacher to give—or teach—them 
things that they cannot find on the internet).

In addition, the work and educational actions regarding a specific element such as that discussed in this paper 
promote coexistence (Valencia Torres, González Suárez, & Valencia Torres, 2017) between the participants of 
the pedagogical activity, since they live with each other on the basis of a series of social relationships and codes 
(Rodríguez & Vaca, 2010), learning from their own experiences and those of others, thus promoting critical 
development, care, and co-responsibility (Vilches, Gil Pérez, Toscano, & Macías, 2014). 

In the project we have been able to provide an account of how a comprehensive intervention in the classroom 
helps to improve awareness and knowledge about the elements of the CE. In spite of this, we still do not know 
the effects that this could have in the medium and long term.

Similarly, we know that there are certain factors that hinder standardized integration of content such as that we 
have presented here, including the existence of a closed curriculum, poor teacher training, an almost total lack of 
interdisciplinarity and, therefore, of a model of hourly scheduling and atomization of content. All things considered, 
we need to move towards critical and sustainable action over time where students understand the problem as 
an opportunity for the future, analyzing all perspectives, since it is common that—as in the case of diseases—
people have as much fear of the vaccine as the disease itself: eco-anxiety versus “business as usual” (Sáez, 2019).

This situation creates the need to propose an interdisciplinary project, since the necessary flexibility does 
not exist to do this holistically, as could be allowed, for example, in the early childhood education system, 
which could be the object of study due to its versatility and the capacity of the students to become aware and 
conscientious (Brenes Gómez, 2016). For this reason, continuity in the process, with new challenges and involving 
a greater number of teachers and students, could ensure consolidation of the project and, above all, based on 
integrative, interdisciplinary, inter-level, and transversal teaching work, since this is an issue that is important 
to everyone, so we should all be part of it.
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“Turn a tree into a log and it will burn for you, but it will never bear living flowers and fruit.” (Rabindranath Tagore)
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