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Abstract

:

The environmental deterioration of the planet, caused by unsustainable development and an unfair model, requires global change on a political, social and environmental level. To boost this change, it is necessary to redirect education and, specifically, environmental education, to educate citizens so that they are capable of making responsible decisions and behaving sustainably. The purpose of this study is to evaluate an educational teacher training model based on the development of sustainable competencies and on the solving of environmental problems. Its final aim is to search for a model that enables students to participate, individually and collectively, in the solution of socio-environmental problems in their surroundings, but without losing the global perspective, and that fosters sustainable life styles. To do so, a quasi-experimental quantitative research was performed with two pretest-posttest phases to compare the results of an active and participative methodology with another more expository one. The results show significant differences in the knowledge, attitudes and intention of the behavior of the aspiring teachers. Thus, this first analysis shows that the experiential educational model promotes and favors sustainable actions in higher education (the faculty of educational science, responsible for basic teacher training) more efficiently and could be the basis for future proposals in this field.
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1. Introduction


There is no doubt that rapid environmental deterioration is currently taking place, unprecedented on a global and regional level, which affects the more disadvantaged populations to a greater extent. The origin of these changes is in human activities that are increasingly immersed in a globalized, industrialized, consumerized and interconnected world, as has been acknowledged in recent reports [1,2,3,4] and specifically with regard to the social and environmental impact produced by climate change in the IPCC report [5].



Consequently, it is necessary and urgent to make decisions in this respect, to reduce the global use of energy and materials, as well as the generation of waste. This is not merely an option; it is a necessity demanded by a planet with limited resources. However, those who can decrease are, obviously, those who use up the resources in a major way and generate the waste, that is the richer countries [6]. The dominant socioeconomic models and the human activities they entail must not overload the vital functions nor deteriorate our world’s environmental quality; its limits must be respected, and we must think about the future generations. It is urgent to find political, financial, social and environmental solutions that save the world from the edge of the abyss on which it is teetering [7,8].



Therefore, in an attempt to put a stop to this deterioration, the need for sustainable development (henceforth SD) was proposed and defined as a way of meeting the needs of the present generation without compromising the ability of future generations to meet their own needs [9]. At the turn of the century, the United Nations set forth the Millennium Development Goals and even went a step further by pointing out that development must be socially fair, financially feasible and must not exceed environmental limits; indicating, also, that SD must be global, in order to prevent certain parts of the planet from growing at the expense of others, and all-inclusive, integrating the cultural and political spheres [10].



Specifically, with regard to education, the UN proclaimed the Decade of Education for Sustainable Development (2005–2014) [11] as “an invitation to rethink our educational policies, our programs and our teaching practices so that education can play its part in the preparation of the skills of all members of society to work together to build a durable future”, because the increase of social sensitivity towards the defense of the environment that has been valued by citizens for decades has not translated into specific sustainable behavior [12,13].



It is believed that the relationship between education and sustainable development is essential [14], for it is the predominant education systems that determine the type of society and individuals that prevail and, therefore, the degree, form and, above all, the development that is sought. The objectives and the methods used are determined by the ideology on which they are based. This is why it is essential to define the educational model that is required in order to achieve SD [15], in order to educate citizens to be capable of making environmentally-responsible decisions, of behaving sustainably and participating in the decision-making processes. This requires that citizens are not only aware of the challenges with which we are faced [16,17], but also, that they learn to analyze present-day and future problems and that they actively search for possible solutions [18]. Education, and, specifically, environmental education, directed towards SD plays a fundamental role in a global way; at all levels, therefore, this field requires adequate teacher training.



1.1. Sustainable Competencies and Teacher Training


To respond to the demands of today’s society, the European Union is promoting a new educational model linked to the development of competencies, in our case focused on university-level teacher training [19,20]. These competencies are seen as the ability to respond to complex demands and adequately carry out a variety of tasks, combining practical skills, knowledge, motivation, ethical values, attitudes, emotions and other social components and behaviors that come together to achieve efficient action [21]. This movement, a feature of the competencies, implies the importance of developing activities linked to reality, the need for social interaction and the challenging of models based exclusively on the transmission of knowledge [22]. It is not enough to acquire concepts; it is necessary to learn to put them into action, integrate them and use them adequately under different real-life circumstances. Thus, competencies turn into learning achievements, instead of the mere acquisition of knowledge, fully affecting the teaching and learning process [23] and, particularly, the role of the teacher.



In the field of environmental education, many authors [17,24,25,26,27] also point out the need to focus environmental education on the development of sustainable competencies, based on a critical, active and participative view, which can lead us towards citizens who are informed, responsible and committed to the environment and people and who can act to solve today’s and future problems.



From this viewpoint, sustainable competencies can be defined as complexes of knowledge, skills and attitudes that enable successful task performance and problem solving with respect to real-world sustainability problems, challenges and opportunities [27,28,29]. However, the integration of this new viewpoint is not exempt from difficulties [17,27,28,30]; it is necessary to clarify what these sustainable competencies are, to design educational proposals that contribute toward their development and to evaluate their achievement.



Therefore, we must search for educational models based on knowledge, where not only skills surface, but also, commitments and the willingness to act, through educational activities that allow us to:

	(1)

	
build a new model based on the principles of sustainability;




	(2)

	
understand the connection between the environmental, social, economic and cultural processes;




	(3)

	
be aware of the local and global (glocal) social and environmental problems and their relationships;




	(4)

	
train students to analyze socio-environmental conflicts during the debate, to find alternatives and in individual and collective decision-making;




	(5)

	
promote the extension of “sustainable best practices” in different contexts and cultures.









Thus, the development of sustainable practices should be part of a framework of research on sustainability and problem-solving [31,32], giving priority to the acquisition of environmental literacy based on critical thinking and contributing to the development of people who make knowledgeable decisions about their behavior, basically in relation to the main environmental problems [33], therefore relating critical thinking with an efficient use of decision-making skills [34].



Therefore, the design of educational proposals, in addition to favoring the profound understanding of the problem and the search for possible action strategies [35], should favor decision-making and the ability to act as per the sustainability criteria adopted [36]. This perspective implies that educational actions should seek the development of specific skills that foster sustainable actions based on sensible decisions for real-world and complex situations. The review of the literature on this subject [27] indicates five basic competencies that should be combined significantly and effectively to reach this aim:

	-

	
Systems thinking competence is the ability to collectively analyze complex systems across different domains (society, environment, economy, etc.) and across different scales (local to global), thereby considering cascading effects, inertia, feedback loops and other systemic features related to sustainability issues and sustainability problem-solving frameworks [37,38].




	-

	
Anticipatory competence is the ability to collectively analyze, evaluate and craft rich “pictures” of the future related to sustainability issues and sustainability problem-solving frameworks [39,40].




	-

	
Normative competence is the ability to collectively map, specify, apply, reconcile and negotiate sustainability values, principles, goals and targets [41,42].




	-

	
Strategic competence is the ability to collectively design and implement interventions, transitions and transformative governance strategies toward sustainability [39,42].




	-

	
Interpersonal competence is the ability to motivate, enable and facilitate collaborative and participatory sustainability research and problem-solving [37,39].









According to this focus, such competencies integrate the essential characteristics that promote the involvement of education with SD [43]: a holistic approach, envisioning change and achieving transformation.



In this new framework, teacher training is a basic pillar. If we want education to have a dual social function (to educate future generations through an integral model of sustainability (synchronic and diachronic support) and to contribute to changes in lifestyles), a reference framework for teacher training that backs up and specifies the educational proposals will be necessary [15,30]. The introduction of sustainable competencies in the curriculum implies a change in the teaching culture, which lays down the foundations to achieve the model of human beings and society that we want to establish [44].



Thus, the role of the university in the achievement of this target, as the figure responsible for the proper training of teachers, is quite significant, for it is faced with a profound review of its curricular activities, its management tasks and its research works [45]. In addition, it would have to develop a process to adapt to a world under constant change. Teacher training should become a means of information and communication for SD, also making it possible to implement. However, several authors have denounced the scarce attention that education pays to preparing citizens to achieve a sustainable future [46]. The effect of university studies on student environmental literacy shows that it is normally very limited [47,48]. Consequently, most of the members of the university community are not trained in the principles that SD preaches, and therefore, they are neither aware nor prepared to act sustainably, that is to acquire sustainable competencies [49,50].



In summary, specific actions in teacher training that help promote sustainable lifestyles are required. Therefore, the purpose of this research is to evaluate how the application of an educational model based on the development of sustainable competencies produces an improvement in the knowledge, attitudes and intention of the pro-environmental behavior (directed at sustainability) of the aspiring teachers.




1.2. Experimental Teaching Model


This research evaluates an experimental educational model with a research-based nature and a socioecological approach [31], for the resolution (albeit not “the” solution) of socio-environmental problems (which are complex, global, local and systemic problems) from students’ close environment (teachers in training). It is addressed from a participative and multi-disciplinary perspective, and its final aim is to contribute to the ability to act on these problems following sustainability criteria. Through it, we attempt to show the “applicability” of environmental education that is directed toward sustainability and the resolution of real and specific problems; bridging the gap between theory and practice and encouraging the development of sustainable competencies.



This work includes the proposal of a model for educational action that deals with the selection of socio-environmental actions that have to do with improving the sustainability of the faculty of education and of the campus, as well as their relationship with the surroundings, which are specified in Appendix 1. These themes respond to daily issues in student life, and they seek to adopt a certain type of personal and social behavior and the achievement of lifestyles that improve the environment [12]. In all of them, their relation to the excessive consumption for those aspects analyzed and their overall influence on environmental deterioration in other parts of the planet is to be established.



Of special relevance during the development process was the study of the multi-causal complexity of environmental problems, which involves three main tasks or procedures for its handling and resolution: (i) identify the intervening factors, distinguishing them from other relevant facts; (ii) analyze the network of connections among those factors; and (iii) evaluate their relative importance, that is determine the importance of each one as they occur in the situation studied. This requires social and scientific criticism and is complemented by a reflection on the process, where the data collected are analyzed and, if applicable, the activity plan (feedback) is reconsidered, and the development of a set of content agreed upon based on the information regarding the problems studied.



Recent studies on environmental education show the effectiveness of teaching approaches focused on the comprehensive view of an environmental problem and its possible solutions [51,52,53,54], for it enables the students to put forward their ideas, integrate their knowledge, make decisions and, all in all, use their competencies. Although there are many advantages to using this type of methodology, some authors also point out certain difficulties when it comes to implementing them. Thus, students can show initial reticence, stress and fear of not reaching the goals [55,56] or show perspectives that are too limited when it comes to representing a complex problem [52]; in order to avoid this, we established different levels of complexity and potential viable solutions in the coordination meetings.
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Table 1. Stages in educational action.
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Stages

	
Main Activities in Each Stage

	
Competencies






	
0. Selection of socio-environmental problems

	
Formulation of a problem:

	-

	
meaningful (with logical coherence, which awakens students’ interest and activates their knowledge in a new situation, which requires the learning of new knowledge and its transfer to a real context)




	-

	
open (based on the complexity, with multiple solutions, which encourages debate and involves the use of scientific data)







	




	
1. Formulation of the problems that are the object of the study

	

	-

	
Identification and formulation of the problem based on students’ previous knowledge




	-

	
Selection of meaningful content for students




	-

	
Establishment of an initial work plan







	

	-

	
Systems thinking competence




	-

	
Interpersonal competence










	
2. Identification of causes and consequences

	

	-

	
Preparation of strategies to incorporate information that leads us to the identification of the causes and consequences of the problem situation posed, taking into account the different points of view on the conflicts and weighing the different factors that affect them (socials, cultural and economic)




	-

	
Information handling, selected to address the learning obstacles that appear during the research and that come close to their level of knowledge







	

	-

	
Systems thinking competence




	-

	
Strategic competence




	-

	
Interpersonal competence










	
3. Identification of the conditions to change

	
Definition of lines of action, establishing criteria for the selection and sequencing of proposed actions, which give rise to questions, such as: what can be done through technology and science; what has been done previously under similar conditions, and what was the result; who is responsible for providing solutions; to what extent can citizens participate; what can we do?

	

	-

	
Strategic competence




	-

	
Anticipatory competence




	-

	
Interpersonal competence










	
4. Specification of the difficulties and establishment of priorities for action

	

	-

	
Feasibility study of the proposals to be carried out (what are the blockades and obstacles we can come across during the solution processes) to direct and change them if necessary, establishing different levels of complexity to consider them feasible and prepare a calendar of actions




	-

	
Consideration of the lines of research aimed at looking for formulas for the resolution of conflicts, mediation methods and new directions and participation mechanisms







	

	-

	
Strategic competence




	-

	
Interpersonal competence










	
5. Carrying out of appropriate and sustainable actions

	
Application of the concepts learned to real-life situations, fostering the ability to make sustainable decisions.

	

	-

	
Strategic competence




	-

	
Normative competence




	-

	
Interpersonal competence















The didactic model posed requires for its development a series of stages, both for on-campus and off-campus classes, where different activities are carried out as part of the learning sequence, that make it possible to apply the different aspects of the model [57]. The stages and their main activities are described in Table 1, where the sustainable competencies dealt with at all times are also described.



The initial stages of the experience are designed so that students may practice scientific and environmental literacy in order to achieve knowledge building, which involves the setting out and questioning of former ideas to analyze and resolve a real problem. During these early phases, the development of the competency of systems thinking and strategic and anticipatory competency through the global analysis of the theme that is the object of the study are particularly important.



It is not sufficient, however, to find solutions to specific environmental problems, for what is considered finding an adequate solution depends on one’s own values, especially if we bear in mind that these problems could change in the future. Thus, the final stages of the experience are directed towards addressing the development of competencies that favor decision-making based on sustainability criteria and responsible behavior. For this reason, they are formulated to apply the contents to real-life situations, so as to foster skills for the use of knowledge, decision-making and acting in different contexts, both individually and collectively. This would encourage the application of the themes studied to real-life situations. These stages deal, above all, with the development of strategic competence, anticipatory competence and legislative competence through the process of identifying the conditions to be changed, the study of the different solutions and of the priorities upon which to act sustainably, on a local and global level.



It is also necessary to take into account that the environmental education model that we defend includes a positive approach to collective decision-making, respect for democracy, for different cultures, and the understanding of participation processes. Therefore, to develop this experience, the students were divided into small teams (4–5 students/group). Although environmental and social responsibility must be undertaken individually, they must develop into group-oriented actions. The aim is for students to act as a community that produces and mobilizes its own knowledge and is aware of and responsible for its learning, with the purpose of acting sustainably. Therefore, the development of interpersonal competency is encouraged during the entire process.



The educational experience began by providing each group with a text summary of the specific problem that was going to be “researched”, the goals of the “research”, a list of the activities to be carried out that dealt with a specific aspect of the problems involved and, if applicable, the prior considerations that need to be taken into account to carry them out. Therefore, the distribution of tasks was carried out as presented in Appendix 1. This meant that the groups worked exclusively on different indicators of sustainable management, with the final aim of drafting a report in order to then hold a debate and share them as a large group. Group work was periodically coordinated in established supervised modules and large group meetings. The role of the teachers was to guide the learning process of the students, monitoring the work of each group, coordinating information pooling, providing feedback on the learning process, presented in such a way that the difficulties (described above) that could arise during the application of this type of methodology could be solved.





2. Research Methods


The research was designed with the purpose of evaluating the effect of an experimental educational model based on the development of sustainable competencies, as opposed to a traditional model based on an expository teaching methodology, within the scope of the Spanish Faculties of Education during academic year 2012–2013.



As per the view endorsed for the teaching model, a study of the students’ initial situation was carried out, assessing their knowledge, attitudes and their intention of behavior toward the environment, not only as a starting point for their learning, but also as a reference to evaluate the change produced. Therefore, a quasi-experimental research was carried out [58], comparing the data before and after the teaching intervention. The distribution of the experimental and control groups was not performed in a random manner for institutional organization reasons. This type of research has been often used to evaluate the effect of educational interventions in the field of environmental education [59,60,61], although it presents certain limitations, such as possible cross-contamination when dealing with and comparing different groups from the same faculty, or the influence of other factors, such as student cultural and socio-economic characteristics, or the influence of the faculty.



2.1. Research Participants


The number of participants in the research totaled 300, from the Faculty of Education of the University of A Coruña and from the University of Granada, as can be seen in Table 2.
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Table 2. Characteristics of the participants in the teaching experience.
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No.

	
Age

	
Origin

	
Sex




	
A Coruña

	
Granada

	
Women

	
Men






	
Experimental group

	
196

	
21.18 (SD 0.427)

	
72

	
124

	
139 (71%)

	
57 (29%)




	
(20–25)




	
Control group

	
104

	
21.32 (SD) 0.486)

	
25

	
79

	
76 (73%)

	
28 (27%)




	
(20–24)










2.2. Instruments


Three instruments were used in the research process based on the study variable:

	(1)

	
A scale of environmental attitudes, previously built and validated [36], whose alpha coefficient (Cronbach’s α) for all items is very close to the unit (0.82), which shows the high feasibility of the scale.




	(2)

	
A previously validated questionnaire on basic knowledge regarding the environment and environmental problems [36].




	(3)

	
A scale for the intention of behavior with the purpose of analyzing the intention of behaving sustainably with regard to the protection and improvement of the environment (Appendix 2), designed and validated, which has produced the following data:

	-

	
Feasibility (Cronbach’s α) = 0.82.




	-

	
Variability (factorial analysis): following the Kaiser criteria [62], three factors have been extracted, with eigenvalues above 1.00: F1, whose eigenvalue = 12.35 and percentage of variance = 51.7; F2, whose eigenvalue = 2.89 and percentage of variance = 11.4; F3, whose eigenvalue = 1.78 and percentage of variance = 8.36.




	-

	
Derived stimulus configuration (Euclidean distance model): the items are grouped into several subsets, which correspond to different significant behaviors with regard to the intention of acting sustainably.















In this way, the characteristics of these instruments enable us to globally consider that the items in the questionnaire are adequate and are measuring a one-dimensional construct, whereby it makes sense to add the responses obtained in each of them in order to achieve a total score.




2.3. The Research Process


As far as the process and handling of the groups is concerned, it is necessary to point out that both groups (experimental and control) were handled at the same time and that the teaching experience lasted one whole academic year. The subjects from the control group, as opposed to the experimental group, followed an expository methodology. This methodology was based on “keynote” classes, where the teachers carried out the standardized content program for both faculties, for which the students had to memorize to be evaluated. This did not exclude afterschool outings and activities with the purpose of confirming the “reality” of what had been put forward in the classroom. At the same time, in the experimental model, the contents were taught following the experimental teaching model (described in the section above), aimed at achieving the ability to act sustainably. In both cases (Faculty of A Coruña and Granada), the subject was taught by the same teachers in the experimental and control group.



At the end of the experience, with the data collected, statistical analyses were performed to verify if the participants (teachers in training) who followed the experimental methodology significantly improved, in statistical terms, their environmental attitudes, their knowledge regarding the environment and their intention to carry out sustainable environmental actions, with respect to the subjects from the control group.





3. Results and Analysis


The data collected were analyzed with the statistical package SPSS (Statistical Package for Social Sciences), version 15.0, and Excel 2013.



The descriptive analysis of the data obtained in the pretest has a dual interest; on the one hand, it allowed us to verify the level of knowledge of the students at the beginning of the year, and on the other hand, it enabled us to contrast the change produced in the variables considered at the end of the year. Therefore, in the first case, we analyzed if there were statistically significant differences with regard to the personal variables and the dependent variables among the control and experimental subgroups (students from the University of Granada and students from the University of A Coruña). Having performed the corresponding tests, the data obtained indicated that there were no significant differences. To contrast possible differences among the initial knowledge of both groups, the Mann-Whitney test was performed on the percentages of correct answers, checking that there were no significant statistical differences among them (value = 47.09; p < 0.84); which was reinforced by means of a test on the equality of measures in independent samples (Student’s t-test, where t = 0.19; p = 0.00). With regard to attitudes toward the environment, the data obtained from the pretest also show similar results for both groups; also, when analyzing the contrast between the control and experimental groups through a variance analysis (ANOVA), it was shown that there were no significant differences between the averages for the groups (F = 8.43; p = 0.00). With regard to the intention of performing sustainable behavior, the average score obtained by both groups is very similar: 35.84 out of 100 (standard deviation = 3.87) for the control group and 35.846 (standard deviation = 3.91) for the experimental group. We could therefore conclude that both groups studied (experimental group and control group) do not reveal statistically-significant differences in any of the personal and dependent variables considered in the pretest.



With the data collected from the posttest, the corresponding statistical analyses were performed to verify if the participants (teachers in training) who followed the experimental methodology significantly improved, in statistical terms, their environmental attitudes, their knowledge of the environment and their intention to carry out sustainable actions, compared to the subjects who belonged to the control group.



3.1. Evolution of Knowledge


The descriptive statistics regarding initial knowledge on the environment and environmental problems show that, mostly, the subjects from both groups (control and experimental) were not familiar with the concepts and conceptual structures related to the environment (such as SD, biodiversity or the greenhouse effect). Therefore, the initial scores obtained by both groups were quite low, though slightly higher than for the experimental group.



Regarding the importance (gravity) attributed to different environmental problems, the valuations are very similar for both groups, highlighting the tendency to give greater importance (to consider them more serious) to the problems in the subjects’ immediate surroundings (attention to “that which is local”, such as noise pollution, oil slicks), as opposed to other global problems (attention to “that which is global”, such as climate change or food scarcity or waste).



After the experience, the analysis of the knowledge of the environment showed that the subjects from both groups achieved scores that were significantly higher than those obtained in the pretest; however, the experimental group scores were higher (average score = 8.87; D = 1.12) than the control group scores (average score = 5.09; D = 1.94). Furthermore, both the Mann–Whitney test on the percentages of correct answers by the members of each group (value of U = 6.038; p = 0.001), as well as the contrast of the average scores obtained (t = 12.463; p = 0.001) showed that these differences were statistically significant. On the other hand, the contrast of averages for each group from the pretest and posttest also showed statistically-significant differences (t = 10.784; p = 0.000); that is to say, although both groups have significantly increased their knowledge regarding the environment, the members of the experimental groups did so to a greater extent than those from the control group, as can be seen in Figure 1.
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Figure 1. Evolution of knowledge of the environment and environmental problems. 
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The “a posteriori” tests (Tukey HSD and Scheffé test) performed on the control subgroups showed differences between both: while the students from the University of Granada significantly increased their knowledge (percentage of correct answers = 65.48%), the students from the University of A Coruña did so to a lesser extent (percentage of correct answers = 59.72%).



Regarding the valuation of the importance (gravity) of environmental problems after the teaching experience, we must highlight, on the one hand, the tendency of the experimental group members to give more importance to “global” problems (climate change, water pollution, desertification, etc.) and to show more concern for the deterioration of the environment that takes place in less developed countries due to our lifestyles (excessive use of resources and energy). The members of the control group, on the other hand, hardly changed the direction of their valuation with regard to the pretest.




3.2. Evolution of Attitudes


As far as attitudes are concerned, the contrast of the statistical results between the control and experimental groups from posttest data shows that there are significant differences between both groups. It is worth highlighting that the values obtained initially were quite high, which could be due to the high level of awareness that Spanish society has regarding the environment [63]. However, we cannot rule out that due to the type of instrument used, a Likert-type scale, the subjects have overrated this variable, because they see themselves as members of a unique project (“Hawthorne effect”).



The values resulting from the Levene test for the equality of variances for the control (F = 16.01; significance = 0.00) and experimental (F = 27.63; significance= 0.00) groups and from the Student’s t-test for the equality of measurement for the control (D = 21.03) and experimental (D = 36.98) groups show that, in spite of the high level established in the pretest, there was an increase in the attitudinal level of the subjects from both groups, with the differences between both moments being statistically significant (see Figure 2). This increase in sustainable attitudes is greater in the experimental group; in fact, the contrast between the experimental and control group from the data obtained from the posttest shows that the differences between both groups are statistically significant. The evolution on those items related to the willingness to make personal sacrifices to favor sustainability (related to the over-exploitation of resources or to reducing the production of waste) and social participation stands out.
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Figure 2. Evolution of attitudes towards the environment. 
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3.3. Evolution of the Intention of Behavior


With regard to the intention of behaving sustainably, with the data collected, we performed the descriptive statistics and the Student’s t-test. The resulting values from the Levene test for equality of variances for the control (F = 0.61; significance = 0.42) and experimental (F = 27.06; significance = 0.00) groups and for the Student’s t-test for the equality of measures for the control (D = 0.84) and experimental (D = 8.69) groups show that the greater differences between the experimental and the control group are those related to the intention of a pro-environmental behavior. As could be seen from the contrast between the data from the pretest (D = 35.02) and posttest (D = 44.87), only differences in the experimental group show a significant increase; however, the responses from the control group have not varied significantly with respect to the pretest (Figure 3). An increase in issues related to biodiversity, energy saving and responsible consumption stands out.
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Figure 3. Evolution of the intention of behavior toward the environment. 
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Nowadays, the trend in educational models is towards experiential learning approaches focusing on the development of competencies and learning to learn skills [64], as shown in our research and in other studies. Teaching experiences based on the interdisciplinary and participative study of a real environmental problem can encourage the development of sustainable competencies and can be a powerful tool to enable university students to carry out their professional activities with the ethical and responsibility criteria of SD [28,51]. The stepwise process combined with additional principles allows building competencies, such as problem-solving, linking knowledge to action and collaborative work, while applying concepts and methods from the field of sustainability [51]. Thus, the implementation of this type of educational model in teaching training can especially boost SD [30].



These models aim to ensure that students mobilize, integrate and properly use different forms of knowledge in various real-life circumstances, and this achievement is closely linked to competency development [21]. To develop responsible citizens, the teaching and learning process should encourage students to master the described sustainable competencies (systems thinking competence, anticipatory competence, normative competence, strategic competence and interpersonal competence). Thus, learners will be able to combine knowledge, attitudes and behavior in order to take effective actions in different situations. The objective is not to prescribe certain behavioral patterns to pupils that could contribute to solving current environmental issues, but to educate future citizens, so that they can deal with present and future environmental problems in a critical, reflective and participative way. Therefore, the evaluation must be seen with regard to the development of pupils’ will and ability to involve themselves in environmental issues and qualifying them to produce their own criteria for decision-making and the choice of actions; in this sense, action must be seen in a future perspective, where direction is not given beforehand [32], as evidenced by the results of this work.



The sustainable competencies developed in this experience encourage the improvement of knowledge that specifically trains for action (related to causes, consequences and action strategies). They also increase attitudes concerning the environment, pollution, biodiversity, resource scarcity, environmental impacts, participation and performance. Probably the greatest achievement is that they seem to promote sustainability actions in issues not related to the topics specifically worked on by each group.



Therefore, regarding concepts, we have seen that the subjects learn differentially more with the experimental educational model than with a traditional transfer type model, which is probably due to the use of a teaching model that deals with critical analysis and the development of competencies, such as systems thinking. Furthermore, the fact that it is based on the resolution of socio-environmental problems from a global perspective has made it possible to change the perception that students have of them. After the experience, the members of the experimental group considered “global” problems to be more important, while the members of the control group hardly changed their view with regard to the pretest. The research also revealed the development of pro-environmental attitudes, which increased in both cases, in spite of the fact that students’ initial high attitudinal level left little margin for change. Here, it is worth highlighting that evolution was greater in the teaching experience that favored the development of competencies related to the so-called anticipation competencies and the legislative competencies.



When comparing both methodologies, the study’s most significant differences are related to the development of sustainable actions. That is, only the intention of behavior increased among the aspiring teachers who participated in the experimental methodology based on the global understanding of problems and in the development of the different sustainable competencies. Therefore, the study seems to indicate that the integration of these skills into the sequence of activities can boost responsible behavior in aspiring teachers, as is revealed by the analysis carried out.



Regarding the development of the process, it is necessary to point out that students showed an initial reluctance toward the experimentation of a work method that is more active than the one they are used to, which demanded a greater intellectual and procedural effort than simple “note-taking”. Although these variables did not appear as the object of our study and, therefore, were not quantified, we verified that during the debates, aspiring teachers had no trouble overcoming their initial reticence, and they even pointed out the motivating nature of the experience.





4. Conclusions and Outlook


The evaluation of this experimental teaching model seems to indicate that this is a highly effective resource for working from the point of view of environmental education focused on sustainability (at least at the university level) in so far as it favors the development of the knowledge, attitudes and pro-environmental intentions of behavior (aimed at sustainable) of aspiring teachers.



Therefore, the evaluation carried out for the teaching model shows significant implications for teaching practice. This formulation can foster behavior that is more respectful to sustainability, and it also includes a multiplying effect, due to the students’ professional outlook (teachers in training). It is therefore very recommendable for teacher training actions related to environmental education to work on the development of sustainable competencies through the critical research of environmental problems and that they also deal with future scenarios or perspectives [32]. These problems must be close to the students and formulated through functional activities, thus searching for experiences that have nothing to do with traditional formulations “in the form of ‘lectures’ [65], where succession and continuity are carefully programmed in advance and imposed by the teachers”.



We also wish to highlight that this approach for the development of environmental education aimed toward sustainability using the experimental methodology (active, participative and inclusive) requires a longer period of development than the one necessary for the expository methodology. Therefore, we consider that it must be included in the design for the teaching actions corresponding to the phase of off-campus classes, as is already established for the European higher education area [66], as we carried out in our experiment. Another limitation to this research that we wish to highlight is that we do not have data for the duration and effectiveness of our proposal, for it was not possible to follow up on it. We must also point out that it is not always easy for the intention of behavior to actually translate into real behavioral changes [13]. Therefore, it would be necessary to perform new studies that would make it possible to evaluate the duration of the results and the reality of the changes obtained, along with qualitative research that would make it possible to expand and delve into the conclusions. Therefore, this will be an objective of future works.



In summary, this research shows that an educational model based on the development of sustainable competencies through the resolution of socio-environmental problems seems to foster actions in favor of the environment in basic teacher training. Therefore, this approach can serve as a base for future proposals in this field, which could allow us to readdress education towards the training of citizens and communities that are not only knowledgeable and aware, but also capable of making responsible decisions and acting in a sustainable manner.
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Appendix


Appendix 1. Group Distribution/Themes Developed.
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Group A




	
Identification of the learning center’s environmental situation (1): water consumption; waste water control




	
Group B




	
Identification of the learning center’s environmental situation (2): energy consumption (analysis of electricity consumption and analysis of energy use for heating)




	
Group C




	
Identification of the learning center’s environmental situation (3): testing of air pollution (emissions and noise)




	
Group D




	
Identification of the learning center’s environmental situation (4): production of waste (solid urban waste and hazardous waste)




	
Group E




	
Identification of the learning center’s environmental situation (5): paper (use and recycling)




	
Group F




	
Identification of the learning center’s environmental situation (6): environmental information and awareness of the faculty’s student body




	
Group G




	
Identification of the “environmental quality” of the faculties




	
Group H




	
Gathering of information from the different groups and drafting of a report with conclusions on the initial environmental evaluation




	
Major group




	
Preparation of a plan involving actions on a local level and their relationship with global socio-environmental problems










Appendix 2. Behavioral Intention Assessment Questionnaire.


Assess your own behavior on the following scale:
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Never 1

	
Sometimes 2

	
Always 3






	
1

	
At home, I always put different kinds of waste in different bags

	
1

	
2

	
3




	
2

	
I go without certain things that make life easier to protect the environment

	
1

	
2

	
3




	
3

	
I buy recycled paper, even if it’s more expensive than ordinary paper

	
1

	
2

	
3




	
4

	
I buy soft drinks in cans because they’re easier to carry

	
1

	
2

	
3




	
5

	
I use rechargeable batteries

	
1

	
2

	
3




	
6

	
Every time I buy something, I think about the waste it produces

	
1

	
2

	
3




	
7

	
I let the water run whilst I brush my teeth

	
1

	
2

	
3




	
8

	
I use public transport to move around town

	
1

	
2

	
3




	
9

	
I like to wear well-known brands of clothing, even when I dress casually

	
1

	
2

	
3




	
10

	
I buy food and other products produced as locally as possible

	
1

	
2

	
3




	
11

	
I like to have the central heating high, so I can be in short sleeves

	
1

	
2

	
3




	
12

	
I take part in campaigns and demonstrations against attacks on the environment

	
1

	
2

	
3




	
13

	
I usually buy disposable products

	
1

	
2

	
3




	
14

	
I put bottles in bottle banks, even though I have to carry them there

	
1

	
2

	
3




	
15

	
I prefer to do my shopping in megastores or malls, because I can find everything I want there

	
1

	
2

	
3




	
16

	
I go on foot or by bicycle whenever I can

	
1

	
2

	
3




	
17

	
I don’t unplug electrical equipment when I’m not using it

	
1

	
2

	
3




	
18

	
I try to keep up with fashion

	
1

	
2

	
3




	
19

	
I leave the lights on when I go out of a room

	
1

	
2

	
3




	
20

	
I prefer to buy things in shops that give part of their profits to needy countries

	
1

	
2

	
3
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