

  Attitudes toward Sustainability and Green Economy Issues Related to Some Students Learning Their Characteristics: A Preliminary Study




Attitudes toward Sustainability and Green Economy Issues Related to Some Students Learning Their Characteristics: A Preliminary Study







Sustainability 2014, 6(6), 3484-3503; doi:10.3390/su6063484




Article



Attitudes toward Sustainability and Green Economy Issues Related to Some Students Learning Their Characteristics: A Preliminary Study



Andrea Micangeli 1,2,*, Vincenzo Naso 1,2, Emanuele Michelangeli 2, Apollonia Matrisciano 3, Francesca Farioli 1,2 and Nicola P. Belfiore 1





1



Department of Mechanical and Aerospace Engineering, Sapienza University of Rome, Via Eudossiana, 18, Rome 00184, Italy






2



Inter-University Research Centre on Sustainable Development, CIRPS, Sapienza University of Rome,Via Eudossiana, 18, Rome 00184, Italy






3



Engineering Faculty Didactic Management, Sapienza University of Rome, Via Eudossiana, 18, Rome 00184, Italy









Author Contributions: The present paper is the result of the free, full and equal cooperation among all the Authors, who had the following roles and accomplished the following tasks. Andrea Micangeli, Project Leader and Coordinator, was the Corresponding Author. Vincenzo Naso, Team Leader, supervised the whole work. Emanuele Michelangeli, Project Participant, supported the activities with technical and engineering contents. Apollonia Matrisciano, Didactic Manager and Project Participants, supported the activities related to the Psychological aspects of the work. Francesca Farioli, Project Participant, supported the activities related to Sustainability. Nicola P. Belfiore, supervised the scientific aspects of the whole paper contents.






*



Author to whom correspondence should be addressed; Tel.: +39-338-815-3787.







Received: 21 February 2014; in revised form: 4 April 2014 / Accepted: 7 May 2014 / Published: 28 May 2014



Abstract:

 The present paper proposes and describes a new method, called L2A (listen-to-apprise), conceived of in order to improve the commitment of all the participants involved in an educational process specifically dedicated to sustainability and the green economy. The first stage consists in listening to the students and, when possible, in listening to the environment, the people, and the territory, while, in the second stage, the acquired information is used to exploit everyone's talents and to achieve the maximum advantage and satisfaction for all. The first phase of L2A is mainly dedicated to listening to the students via the submission of an on-line questionnaire that measures their learning preferences, self-efficacy and sensitivity to the themes of sustainability and the green economy. The investigation has been extended from Italy to Honduras, where the authors are involved in the development of major projects concerning sustainability. The results of the survey have been analyzed by means of standard significance and correlation analysis, and therefore, significant differences among the groups and correlations within each group have been detected. The results have been discussed in order to explain how the L2A method works and how useful and powerful a tool it could be to improve teaching, learning and practical activities.
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1. Introduction

Sustainability has become a crucial aspect of social and economic development [1,2], and the related ideas and theories deserve a large and detailed dissemination, especially (for under- and post-graduate students) in terms of education.

The challenges posed by global environmental changes and their associated socio-economic problems are persistent problems of unsustainability; they are complex and require urgent action and, mainly, a shift in our predicament. This change is required also within our academic institutions with regard to institutional structures, behavioral patterns and the educational setting. Inflexible academic institutions, rooted in traditions and old techniques, resistant to engaging in creating knowledge for action, are rather inadequate to address the rise of present and future problems. Primary educational challenges are supposed to develop new ways of thinking, skills and attitudes.

A number of studies and initiatives (examples of these activities have been provided by the School of Sustainability at Arizona State University, the Graduate Program in Sustainability Science, GPSS, at University of Tokyo, the Lund University International Master's Program in Environmental Studies and Sustainability Science (LUMES), the Lund University Centre of Excellence for Integration of Social and Natural Dimensions of Sustainability (LUCID) and, finally, by the South Africa initiative Sustainability and Community study abroad program in Stellenbosch.) recently presented [3], have contributed with the development of a coherent set of core competencies. Among those being proposed: systems thinking, strategic, anticipatory, normative and interpersonal skills that foster teamwork, leadership, communication and negotiation skills and system thinking [4,5]. These programs do not just educate professionals for green jobs, but train systemic-problem solvers, change agents and transition managers [4,6]. Pedagogies to deliver sustainability competences must include learning about envisioning change and developing evidence-based solution strategies through rigorous research. Soft skills are also required: empathy, sensitivity and facilitation are crucial qualities in order to work with communities and to solve problems.

The process of learning new issues related to sustainability and the green economy has been the object of a great number of recent investigations. For example, in 2013, Sibanda [7] argued that the expansion and adoption of green knowledge systems should be treated with urgency in institutions of higher education and used a survey technique to ascertain the use of green knowledge in teaching and learning among students in the College of Law and Management Studies at UKZN (University of KwaZulu-Natal). The results showed that, although the students were familiar with climate change issues, they did not follow green practices, because of the convenience of using printed materials, the high cost of electronic gadgets and resistance to change to newer techniques.

Education for sustainability (EfS) has became a crucial issues in order to raise awareness, increase motivation, for both individuals and organizations, to develop and implement innovative solutions. Hence, an incredible variety of different contributions were offered from different countries.

In 2013, Scott [8] described the development of a photography competition to raise awareness of education for sustainability (EfS) in the curriculum and also as a co-curricular activity. Brundiers et al. [9] reviewed the position of a trans-academic interface manager (TIM) supporting participatory sustainability research and education efforts and proposed an educational approach for how to train students in becoming a TIM, providing practical guidance to universities on how to organize these critical endeavors more effectively and to offer students an additional career perspective. Bielefeldt [10] provided examples of different methods that were used at one institution to educate engineering students about sustainability and offered data that supported the achieved results: case studies, software tools, lectures, active learning, targeted homework assignments and term projects. Barth and Burandt [11] presented three mini case studies of educational praxis and discussed critically some opportunities and threats of the related e-learning settings. These cases were used to asses and elaborate the characteristics of e-learning environments that support competence development and education for sustainability. Brundiers and Wiek [9] introduced a framework for problem and project-based learning (PPBL) courses in sustainability and reviewed PPBL practice in six programs around the world (Europe, North America, Australia). In this contribution, data were collected through semi-structured qualitative interviews with course instructors and program officers. Results indicated that the reviewed PPBL courses were of high quality and carefully designed.

In 2012, Ofei-Manu and Shimano [12] discussed a business-school collaborative learning partnership in the Regional Centre of Expertise (RCE) on Education for Sustainable Development (ESD) in Greater Sendai and proposed a conceptual framework for multi-stakeholder, ESD-based social learning within the RCE with the aim of enabling the creation of a sustainability-literate society.

In 2011, Wolf et al. [13] used the concept of unconferencing, a method for organizing social learning, which could be suitable for triggering sustainability learning processes. They also presented a case study on the application of unconferencing in a large Swiss University (namely, in Eidgenössische Technische Hochschule Zürich), where an unconference was conducted to engage students, academics, staff and external experts in a mutual learning process aimed at the development of project ideas for reducing its CO2 emissions. Rojas et al. [14] presented a community-based action research project (Think&EatGreen@School) aiming to foster food citizenship in the City of Vancouver and to develop a model of sustainable institutional food systems in public schools.

In 2010, Blewitt [15] reviewed, critically, the results obtained after the first year of operation of the new Lifelong Learning Network Consortium on Sustainable Communities, Urban Regeneration and Environmental Technologies established and led by the Lifelong Learning Centre at Aston University. In addressing the opportunity of sustainable lifelong learning, it was argued that the adopted networked learning could prefigure a new model for lifelong learning and sustainable education that renders the city itself a creative medium for transformative learning and sustainability. Hansmann [16] clarified the concept of sustainability learning and specifically analyzed motivational aspects. This contribution also explained the two-fold role, in which motivations act as determinants and targeted outcomes of sustainability learning processes, and the outstanding role that cooperation, hence cooperative motivation, plays in sustainable development.

The aim of the present investigation is supporting the process of the identification of the best set of pedagogies when preparing a sustainability educational program. A survey is the means used in order to acquire information about some learning characteristics and the preferences of the students. Then, the results of the survey have provided indications for tailoring pedagogies to the students'learning characteristics, with the target of being more effective in transmitting those skills, attitudes and ways of thinking that enable them to operate properly in a sustainable society.



2. Teaching and Learning about Sustainability

Most of the concepts related to sustainability and the green economy are rather complex to transmit to a class, one reason, among a huge number, being the fact that these issues are new to most students. Hence, the learning process may be slow and difficult.

Generally speaking, the educational process cannot be separated from the social and psychological context. In some previous contributions, the authors of the present paper attempted to take into account the variety and the complexity of the variables that most affect the learning process in academic structures. In 2000, they suggested a possible way of improving teaching effectiveness in some courses of Sapienza University [17]. Some of these contributions gave suggestions about new emerging professions in higher education and about new efficient procedures to be adopted in course planning and managing [18]. Later, the research group focused its attention on the efficiency of the didactic methods, and some experimental investigations were planned, involving cognitive styles, learning styles and preferences, as well as some other learning preference inventories [19]. In these investigations, great importance was given to the role played by information technology in contemporary education. This topic stimulated some new ideas, and consequently, a more ambitious project was attempted, where the verbal and mathematical learning capabilities of a neural network were compared in different conditions [20]. Some years later, the idea of a website supporting students led to an early version of a website called KinSynth (actually the web site is located at http://dima.uniroma1.it/kinsynth/), which was compared to other similar initiatives in the field of the dynamic analysis of multi-body systems. Furthermore, a correlation analysis between students cognitive styles and their attitude to join kinematic and dynamics open source code projects was also completed, and some interesting results were obtained [21].

The themes of sustainability are even more difficult to apply to such educational process, especially if proposed to different traditions and cultures. Hence, the present contribution has been dedicated to the acquisition of some information about how different student groups react to the inclusion of sustainability and green economy issues within their curricula and how such reactions are related to some of their learning preferences and self-efficacy level. Actually, there is no experimental data or evidence from the literature about any correlation between self-efficacy and sustainability or the green economy. Hence, this contribution tries to fill this gap, because self-efficacy has proven to be very effective for learning and teaching strategies (see, only for representative examples, the papers [22–24]), and so, the perception of an activity related to sustainability and the green economy could be correlated to self-efficacy. Furthermore, a deep understanding of the relations between the students'learning preferences and style, their self efficacy and their sensitivity to the importance of sustainability and the green economy is helpful for two main reasons.




	In higher education, the didactic management becomes aware of important students'characteristics, and so, it acquires knowledge about how to:


	(1)

	Develop promising and effective teaching methods for the class;



	(2)

	Develop didactic methods specifically dedicated to the themes of sustainability and the green economy;



	(3)

	Suggest original activities that are in tune with the students learning preferences;



	(4)

	Assign activities to the students with the best match between role and skill;



	(5)

	Develop orientation programs for young people who are willing to join the course;



	(6)

	Develop programs of evaluation that take into account the students'characteristics;



	(7)

	Increase the students'satisfaction and, hopefully, reduce the number of students who abandon the curricula (this affects also the institution's position in the international ranks, with good economic feedback, both by public and private institutions);






	In society, large projects may have a great impact on a city or on a industrial or agricultural region; the reaction from the territory is very important to the project's success, and so, surveys and questionnaire are often submitted to a sample of the population. However, their answers may be affected by their different cognitive styles that they are applying to the perception of the project. For this reason, the correlation methods presented herein can be used as an example in order to improve the quality of the surveys and their effectiveness by:


	(1)

	Including questions related to cognitive styles and learning preference in the appropriate contest;



	(2)

	Correlating the learning preferences to the inclination to accept the program;



	(3)

	Increasing people's participation level in the program.








In order to achieve these ambitious scopes, the research group has created a questionnaire that has been presented on an institutional website at Sapienza University of Rome. This questionnaire has helped to understand the students'perception of several crucial concepts that play an important role in learning about sustainability. For such a purpose, nine different dimensions have been introduced and then analyzed: two are related to sustainability, one is related to self-efficacy [25] and six are related to a selection of learning preferences inspired by Gardner's Multiple Intelligence Inventory [26].

The questionnaire has been submitted, in anonymous form, to three groups of students, with similar basic characteristics, but living in different countries. Another difference in the groups'characterization was the presence (or not) of a course on energy sustainability in the study plan.

The new questionnaire has been built in order to measure, on-line, the above-mentioned peculiar characteristics, as well as the students self-efficacy level and their natural attitude toward joining sustainability studies and sharing their most important ideas and concepts. Technically, the project has been developed on the above-mentioned KinSynth website, which offers an open space for cooperation in code development. Thanks to this website, the codes written by teachers and students are published as open source for the students and the scientific community. The site is dedicated to a variety of topics of mechanical engineering, with special attention to topology and kinematics [27–33]. The adoption of the website allowed us to offer access to the questionnaire to people from all over the world.

As will be explained in the following sections, the questionnaire has been conceived also in order to understand the mutual relations between the students'characteristics and their attitude towards the new ideas brought by sustainability.



3. The Adopted Questions and Dimensions

The questionnaire presented to the students has been articulated in sets of multiple-choice questions, each one relating to one of the investigated dimensions.


3.1. Dimensions Related to Sustainability and the Green Economy

As stated by Rowe [34] (p. 324), by working on problems that were brought to higher education by cities, businesses, non-profit organizations [35], and other institutions, the students can test themselves in giving workable contributions to solutions and have a positive impact on the world through their academic learning [34] (p. 324). In this way, they will be more motivated to acquire the necessary competences to address sustainability problems in their future professional experience, both in the natural [36] and in the virtual environment [37].

Two dimensions have been selected in order to investigate the students'interest inside and outside academic life: (a) sustainability in education (SUST-EDU) and (b) green economy fields (GREEN-ECO). SUST-EDU is intended to be a measure of the level of interest to include sustainability issues in academic curricula. GREEN-ECO is intended to be a measure of the students'involvement in changing their daily life according to the practical application of sustainability, actually empowering a green economy in their countries. The questions are reported in the Appendix.



3.2. Dimensions Related to the Multiple Intelligent Inventory

According to the Theory of Multiple Intelligence [26], there are different forms of intelligence that can be clearly distinguished. It is not easy to declare if a type of ability, individually possessed or commonly shared, can be considered as an acknowledged intelligence or not. However, there are some selective criteria that can be used, among which, the appreciation of such an ability by the whole society in history, the existence of certain individuals that can be universally acknowledged as exceptionally gifted in that capability in such a way that they can be considered as genius, the loss of that ability due to localized brain damage and the possibility of developing symbolic expressions around that capability. Gardner's model, which is nowadays widely known also in non-technical literature, identifies a student's frame of mind, defined by seven distinct intelligences (verbal, logical-mathematical, musical, kinesthetic, visual, interpersonal and intrapersonal), which can be adopted as a personal learning profile to be applied to the academic environment. However, only six of these dimensions have been identified, as described in the following paragraphs, since a musical learning style was not investigated. The questions do not refer to a general frame of mind, but rather to the student's inclination to use a specific style related to a specific intelligence. Therefore, the variety of the multiple intelligences is herein investigated as an inventory model of independent learning preferences that can be adopted by the students. The following dimensions have been considered.




	INTRA (intrapersonal) evaluates the student's attitude toward thinking, studying, solving problems or even enjoying doing so by drawing resources from his inner personality.


	INTER (interpersonal) evaluates the student's attitude toward working, studying or enjoying the company of other people.


	LOGI-MATH (logical-mathematical) takes into account the student's attitude toward using logic and mathematics in a variety of situations, including the learning context.


	SPATIAL (spatial) measures the student's preference of didactic supports based on graphical tools, like diagrams, block charts, and so on; for this dimension, there are also elements of a the general attitude toward thinking spatially and of visualizing solid objects in space.


	KINES (bodily-kinesthetic) estimates the student's attitude toward using manual or other physical means as a support to learning or studying; the inclination toward manual or physical activities is also inquired.


	VERBAL (verbal-linguistic) concerns the student's inclination toward using reading as the preferred way of learning; it is also related to the student's inclination toward enjoying reading and writing in general (out of the classroom context).






3.3. Dimension Related to Self-Efficacy

Finally, self-efficacy has been investigated via the GSE, General Self-Efficacy Scale, (see the Free University of Berlin web page [38]), a 10-item psychometric scale designed to assess optimistic self-beliefs and the ability to cope with a variety of difficult demands in life. Self-efficacy is a measure of the individual's ability to complete tasks and reach goals and concerns one's personal belief regarding his or her power to affect situations, which makes this characteristic the image of how a person actually manages to face challenges competently. Putwain et al. [39] addressed the importance of assessing and developing, in higher education, the students'self-efficacy in relation to their independent study skills, since academic self-efficacy is a predictor of academic achievement and may play an important role in maintaining challenge appraisals to maintain pleasant emotions and better academic performance.

In this research, self-efficacy has been measured by means of a 10-item psychometric scale, as suggested by Schwarzer et al. [25].




4. Results, Discussion and Practical Application

This section presents the results obtained by analyzing the on-line survey submitted to the three following groups:


	G-I 51 Italian students enrolled at Sapienza University of Rome, attending the fourth or fifth course year of the Master Level Course in Engineering. These students have been selected by the criterion that they had chosen to enroll in a specific exam dedicated to sustainability.


	G-II 16 Honduran students enrolled at the Engineering Department of Tegucigalpa, University of Honduras, and attending the fourth or fifth course year. These students did not have a specific exam dedicated to sustainability.


	G-III This group has been referred to as the SET group, namely, sustainable energy technologies group. It is composed of 34 students enrolled to the fourth or fifth year of a specific course called, indeed, Sustainable Energy Technologies, class of 2013, offered by Sapienza University of Rome. The course program includes the analysis of the environmental impact of energy technologies and some case studies related to the sustainable application of such technologies in various continents [35,36,40].




The following paragraph is dedicated to a direct comparison among the raw scores in the proposed dimensions. Then, two other paragraphs will follow, one of which is dedicated to the comparison between the groups, and to the correlation within the groups.


4.1. The Raw Scores

Figure 1 shows the raw average scores obtained by each group in every dimension. For each dimension (the raw score is calculated in such a way that), zero and 10 represent, respectively, a null or perfect adherence of the answers to a set of given stems. For each dimension, an average of four questions are proposed, except for SELF-EFFICACY, for which 10 questions are used. Between the total disagreement and perfect agreement, a score equal to five has been used as the reference point for a neutral opinion, which is neither disagree nor agree. The analysis of the difference must be done by using the level of significance, and therefore, the variance analysis has been invoked, as described in the following paragraph.

Figure 1. The histogram of the raw scores for the Italian Group I, G-I (white), Hondurian G-II (grey) and SET2013 G-III (dark grey).
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4.2. Comparison among the Groups

For the analyzed groups, different averages were found in many dimensions, as shown in Figure 1. However, only those which exceed the significance levels have to be considered.

For this reason, a null hypothesis,  [image: Sustainability 06 03484i1], has been established according to which the sample groups were extracted from the same population.

By imposing weak (α = 0.1) or strong (α = 0.01) probability levels, it turned out that the significant differences, according to the Student t-test and the proper degrees of freedom, were those reported in Table 1 and briefly discussed in the following list.

Table 1. Significant differences between the groups.


	GROUPS
	SUST-EDU
	GREEN-ECO
	INTRA
	INTER
	LOGI-MAT
	SPATIAL
	KINES
	VERBAL
	SELF-EFF





	G-I vs. G-II
	-
	weak
	strong
	-
	strong
	weak
	weak
	-
	-



	G-I vs. G-III
	-
	-
	-
	weak
	weak
	-
	-
	-
	weak



	G-II vs. G-III
	-
	-
	strong
	-
	weak
	weak
	weak
	weak
	strong





Notes: INTRA, intrapersonal; LOGI-MAT, logical-mathematical; KINES, kinesthetic; SELF-EFF, self-efficacy; SUST-EDU, sustainability in education; GREEN ECO, green economy; INTER, interpersonal.







	SUST-EDU: no significant difference appears among the groups that concern the students'agreement on including more material and activities concerning sustainability. The three raw scores, however, are much higher than the neutral value, and this means that all three groups are favorably disposed about teaching more sustainability in class.


	GREEN-ECO: concerning the practical application of the selected aspects of the green economy in life, it appears that all the groups are susceptible to the theme, although the Italian students (Groups G-I and G-III) seem a bit more involved than the Hondurans (α = 0.1).


	INTRA: the Honduran students show a greater inclination (α = 0.01) to individual learning than the two groups of Italian students; this could be explained by considering the two different cultures;


	INTER: the G-I students seem to be stimulated by relational activities in learning better compared to G-III; this could be explained considering that G-I students did not participate in the SET Course, while G-III students did, and so, it is plausible that the former are better stimulated by group activities;


	LOGI-MAT: G-II (Honduran) students show considerable acquaintance with logical and mathematical tools in learning, more than G-I (strong) and G-III (weak). Actually, the G-I raw score in such a dimension is scarcely above the neutral score. Hence, for G-I, the lessons could be prepared in such a way that they do not make use of too much mathematics during presentations, while the G-II may prefer the quantitative, numerical or technical issues;


	SPATIAL and KINES: with respect to the two Italian groups, G-I and G-III, (but especially with respect to G-I), the Honduran students, G-II, seem to have a learning preference in which spatial and kinesthetic intelligence is more involved; these preference are greatly related to the practical aspects of learning, such as, for example, the use of hard models (paper or wood), diagrams, graphs, drawings and other visual means. As a consequence, this result suggests a greater use of visual materials and practical activities in G-II classes;


	VERBAL: although a weakly significant difference (α = 0.1) appears between G-II and G-III, the preference of verbal intelligence (mainly reading) is quite uniform; this also matches some other previous investigations [19];


	SELF-EFFICACY: the Honduran students, G-II, got higher scores, on average, than those involved in the SET Course, G-III (α = 0.01); the latter has a lower score than G-I with a weakly significance level; as pointed out in recent investigations [39], this information can be used for several purposes, such as, for example, organizing didactic management, counseling, participative and interactive learning, depending on the specific course.




Generally speaking, the present investigation shows a way to improve the students'satisfaction and, eventually, success in courses that involve sustainability and the green economy. Analyzing the personal learning preferences (obviously related to the local culture and tradition) before deciding the teaching strategy is, therefore, a valid chance to improve the student comprehension of these important themes and to use a teaching strategy that better fits their characteristics.



4.3. The Correlation Analysis

Within the single groups, it was possible to perform the correlation analysis among the dimensions. Such a kind of analysis is useful, for example, to understand if there are some characteristics that are mutually related (either positively or also negatively) in the group. A positive correlation between dimensions, say a and b, means, for example, that, on average, if a student of the group has a high score on a, then he/she has also a high score on b.

Tables A1 and A4 refer to the group of Italian students, G-I, who have no specific courses on sustainability. Table A1 reports the correlation coefficient matrix, while Table A4 showing a matrix, whose non-null elements are the levels of significance for the corresponding elements of the correlation matrix. In particular:

Table A1. Correlation Matrix for the group, G-I, of Italian students.














	
	SUST-EDU
	GREEN-ECO
	INTRA
	INTER
	LOGI-MATH
	SPATIAL
	KINES
	VERBAL
	SELF-EFF





	SUST-EDU
	1.000
	0.286
	−0.034
	0.211
	0.152
	0.203
	0.238
	0.034
	0.058



	GREEN-ECO
	-
	1.000
	0.214
	−0.041
	0.244
	0.315
	0.412
	0.323
	0.279



	INTRA
	-
	-
	1.000
	0.273
	0.172
	0.227
	0.308
	0.393
	0.201



	INTER
	-
	-
	-
	1.000
	0.069
	0.277
	0.149
	0.155
	0.089



	LOGI-MATH
	-
	-
	-
	-
	1.000
	0.439
	0.252
	0.284
	0.405



	SPATIAL
	-
	-
	-
	-
	-
	1.000
	0.510
	0.130
	0.511



	KINES
	-
	-
	-
	-
	-
	-
	1.000
	0.236
	0.373



	VERBAL
	-
	-
	-
	-
	-
	-
	-
	1.000
	0.238



	SELF-EFF
	-
	-
	-
	-
	-
	-
	-
	-
	1.000








Table A4. Correlation level of significance for found correlations for the group, G-I, of Italian students (critical levels 0.231, 0.273, 0.322 and 0.354, respectively, for the levels 0.10, 0.05, 0.02 and 0.01).














	
	SUST-EDU
	GREEN-ECO
	INTRA
	INTER
	LOGI-MATH
	SPATIAL
	KINES
	VERBAL
	SELF-EFF





	SUST-EDU
	-
	0.05
	-
	-
	-
	-
	0.10
	-
	-



	GREEN-ECO
	-
	-
	-
	-
	0.10
	0.05
	0.01
	0.02
	0.05



	INTRA
	-
	-
	-
	0.05
	-
	-
	0.05
	0.01
	-



	INTER
	-
	-
	-
	-
	-
	0.05
	-
	-
	-



	LOGI-MATH
	-
	-
	-
	-
	-
	0.01
	0.10
	0.05
	0.01



	SPATIAL
	-
	-
	-
	-
	-
	-
	0.01
	-
	0.01



	KINES
	-
	-
	-
	-
	-
	-
	-
	0.10
	0.01



	VERBAL
	-
	-
	-
	-
	-
	-
	-
	-
	0.10



	SELF-EFF
	-
	-
	-
	-
	-
	-
	-
	-
	-









	SELF-EFFICACY has been found to be strongly related to LOGI-MATH, SPATIAL and KINES;


	the two dimensions concerning sustainability are significantly correlated;


	SUST-EDU is correlated to the KINES preference;


	GREEN-ECO is correlated to LOGI-MATH, SPATIAL, KINES and VERBAL learning preference and also to SELF-EFFICACY.




Analogously, Tables A2 and A5 refer to the group of Honduran students, G-II. There are also negative correlations, such as those between the sustainability dimensions and the intrapersonal and interpersonal preferences.

Table A2. Correlation Matrix for the G-II group of Honduran students.














	
	SUST-EDU
	GREEN-ECO
	INTRA
	INTER
	LOGI-MATH
	SPATIAL
	KINES
	VERBAL
	SELF-EFF





	SUST-EDU
	1.000
	0.474
	−0.475
	−0.295
	0.674
	0.497
	−0.047
	0.393
	0.524



	GREEN-ECO
	-
	1.000
	−0.534
	−0.569
	0.770
	0.788
	−0.182
	0.630
	0.647



	INTRA
	-
	-
	1.000
	0.774
	−0.083
	−0.305
	0.406
	−0.311
	−0.225



	INTER
	-
	-
	-
	1.000
	−0.093
	0.009
	0.499
	0.079
	−0.027



	LOGI-MATH
	-
	-
	-
	-
	1.000
	0.767
	0.080
	0.577
	0.776



	SPATIAL
	-
	-
	-
	-
	-
	1.000
	0.094
	0.873
	0.799



	KINES
	-
	-
	-
	-
	-
	-
	1.000
	0.443
	0.502



	VERBAL
	-
	-
	-
	-
	-
	-
	-
	1.000
	0.893



	SELF-EFF
	-
	-
	-
	-
	-
	-
	-
	-
	1.000








Table A5. Correlation level of significance for found correlations for the group, G-II, of Honduran students (critical levels 0.426, 0.497, 0.574 and 0.623, respectively, for the levels, 0.10, 0.05, 0.02 and 0.01).














	
	SUST-EDU
	GREEN-ECO
	INTRA
	INTER
	LOGi-MATH
	SPATIAL
	KINES
	VERBAL
	SELF-EFF





	SUST-EDU
	-
	0.10
	−0.10
	-
	0.01
	0.05
	-
	-
	0.05



	GREEN-ECO
	-
	-
	−0.05
	−0.05
	0.01
	0.01
	
	0.01
	0.01



	INTRA
	-
	-
	-
	0.01
	-
	-
	-
	-
	



	INTER
	-
	-
	-
	-
	-
	-
	0.05
	
	



	LOGI-MAT
	-
	-
	-
	-
	-
	0.01
	
	0.02
	0.01



	SPATIAL
	-
	-
	-
	-
	-
	-
	-
	0.01
	0.01



	KINES
	-
	-
	-
	-
	-
	-
	-
	0.10
	0.05



	VERBAL
	-
	-
	-
	-
	-
	-
	-
	-
	0.01








There is a very strong correlation between SELF-EFFICACY and VERBAL preference (r = 0.893), and so, the corresponding scatter diagram has been presented in Figure 2.

Figure 2. VERBAL vs. SELF-EFFICACY correlation diagram within the Honduran students.
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Finally, the correlations between the SET2013 group, G-III, have been reported in Tables A3 and A6.

Table A3. Correlation Matrix for the SET group, G-III.














	
	SUST-EDU
	GREEN-ECO
	INTRA
	INTER
	LOGI-MATH
	SPATIAL
	KINES
	VERBAL
	SELF-EFF





	SUST-EDU
	1.000
	0.234
	0.122
	0.071
	0.017
	−0.052
	0.116
	0.404
	0.194



	GREEN-ECO
	-
	1.000
	−0.145
	0.076
	−0.016
	−0.257
	−0.198
	0.332
	−0.084



	INTRA
	-
	-
	1.000
	0.035
	0.080
	0.115
	0.257
	−0.034
	0.310



	INTER
	-
	-
	-
	1.000
	0.532
	0.116
	0.455
	0.522
	0.533



	LOGI-MAT
	-
	-
	-
	-
	1.000
	0.285
	0.314
	0.418
	0.179



	SPATIAL
	-
	-
	-
	-
	-
	1.000
	0.015
	−0.084
	0.197



	KINES
	-
	-
	-
	-
	-
	-
	1.000
	0.176
	0.417



	VERBAL
	-
	-
	-
	-
	-
	-
	-
	1.000
	0.211



	SELF-EFF
	-
	-
	-
	-
	-
	-
	-
	-
	1.000








Table A6. Correlation level of significance for found correlations for group G-III (critical levels 0.231, 0.273, 0.322 and 0.354, respectively, for the levels, 0.10, 0.05, 0.02 and 0.01).














	
	SUST-EDU
	GREEN-ECO
	INTRA
	INTER
	LOGI-MATH
	SPATIAL
	KINES
	VERBAL
	SELF-EFF





	SUST-EDU
	-
	-
	-
	-
	-
	-
	-
	0.05
	-



	GREEN-ECO
	-
	-
	-
	-
	-
	-
	-
	0.10
	-



	INTRA
	-
	-
	-
	-
	-
	-
	-
	-
	0.10



	INTER
	-
	-
	-
	-
	0.01
	-
	0.01
	0.01
	0.01



	LOGI-MAT
	-
	-
	-
	-
	-
	-
	0.10
	0.02
	-



	KINES
	-
	-
	-
	-
	-
	-
	-
	-
	0.02








The correlation between SUST-EDU, GREEN-ECO and SELF-EFFICACY turns out to be highly significant, since those students of the three groups who are more interested in sustainability have a lifestyle increasingly sustainable (i.e., biking, buying food and items produced in their own region, etc.), thus being more self-efficient, as well. The correlation between the VERBAL variable and the SUST-EDU one within the SET2013 group, G-III, of students is strictly connected to the fact that they have already approached the theme of sustainability in their academic life: in fact, the SET course projects on renewable energy and sustainability in Europe, Asia, Africa and Latin America are examined [36,40]. This increases the attitude of this group of students towards studying and examining a higher number of data on this matter. The correlation between verbal and life-style preferences can be interpreted by observing that a higher inclination of students towards sustainable behaviors in daily life could be stimulated by personal reading and study, and so, they tend to examine issues in depth.



4.4. Application

The L2A method is believed to offer a useful tool to teachers and didactic managers who are involved in the development of interactive and group learning strategies in higher education institutions. The method is particularly tailored on the issues concerning the green economy and sustainability. As described in the previous section, during the listening stage, some statistical data are obtained, which allow one to understand some student learning preferences and predispositions and how these characteristics are related to the topics that are the object of teaching. These results give immediately fresh information about the most welcome teaching methods. However, L2A has been applied herein not only to improve teaching methods, but also to serve as a guide to prescribe the best interactive and the practical activities that support learning and the stimulate sensitivity to environmental issues.

Thanks to the results obtained by the listening stage, the research group involved in the present investigation had the opportunity to suggest and assign to the students important field activities that are peculiar to the educational program. These activities have been inspired by some works that have been recently pursued in order to develop: small-scale solar powered ORC (Organic Rankine Cycle) systems [41], thermal energy supply systems in emergency situations [42], hydrogen-rich gas production systems [43], membrane-free OSEC (On Site Electrolytic Chlorination System) systems [44], new solar integrated collector storage systems [45], post-earthquake rehabilitation of rural water systems [35], electricity displacement systems [46], web access-aided systems for disabled people [37] and water purification systems in the Middle East [36]. Hence, taking inspiration from the mentioned previous work, a list of activities has been tailored for the groups of students, G-I, G-II and G-III, since they are participating in a research and development major project concerning sustainability and the green economy, which is actually affecting about 40,000 beneficiaries in the territory.

This project concerns the actual electrification of an isolated rural area of Honduras, and so, it is composed of a plethora of activities, such as, for example, the design and installation of energetic systems, the training of users and maintainers, the disclosure and communication of commercial and economic best practices with respect to the environment and the study of the beneficiary local community. The research group decided to involve the three student groups in the following activities of the major project. The following activities have been assigned to small groups of students (from three to seven students).




	A1
	teaching other students some issues concerning multi-source energy systems [47];



	A2
	organizing and managing training activities concerning the energy systems for the benefit of the so-called local skilled managers [48];



	A3
	organizing and managing training activities concerning the maintenance and repair of energy systems for the benefit of unskilled beneficiaries and users [49];



	A4
	promotion of the use of biofuels for the reduction of the firewood consumption;



	A5
	submission of a survey about sustainability to the project beneficiaries;



	A6
	data harvesting and analysis from 10 meteorological stations in order to monitor climate change;



	A7
	assessment, information and promotion, for the territory, of the biodiversity and cooperation with the Autonomous National University of Honduras (UNAH) for developing scientific knowledge about local biodiversity;



	A8
	improvement of National Park'venue accommodations and tourist shelters;



	A9
	management of a local radio station, broadcasting and creation of a network of young communicators and promoters who are endorsed to convey information about environmental issues;



	A10
	design of a multi-source energy system composed of micro-hydro (20 kW) and photovoltaic energy (10 kW) [49];



	A11
	practical installation of a multi-source energy system;



	A12
	practical installation of 200 eco-ovens and 10 biodigesters with the capacity of 5 m3;



	A13
	practical installation of two systems of chlorine self-production (OSEC) [50,51].





According to the L2A method, the activity roles and responsibilities have been assigned on the basis of the students characteristics in such a way that each group, or even each single student, is assigned to the activities that best fit the detected characteristics and preferences. Preference-to-activity mapping has been fully elaborated by means of the correspondence look-up Table A7, reported in the Appendix, which helps the groups and the single student with being assigned to a specific activity from the list. For example, the activity, A9 (local radio), requires high sensibility and consciousness in sustainability in education and in the green economy, a great inclination to relate with people, a useful capability of elaborating data, a high verbal attitude and a certain self-confidence; those who match these characteristics have been considered to be assigned to the task. Practical activities A11, A12 and A11 have been related to high scores achieved on the kinesthetic dimension, and so on.

Table A7. Dimensions-to-activities matching map table: R, highly recommended match; r, recommended match; u, useful match; -, no suggestions about matching.


	ACTIVITY
	SUST-EDU
	GREEN-ECO
	INTRA
	INTER
	LOGI-MATH
	SPATIAL
	KINES
	VERBAL
	SELF-EFF





	A1 (teaching)
	R
	-
	-
	r
	r
	-
	-
	r
	-



	A2 (training)
	u
	R
	-
	r
	u
	-
	-
	r
	-



	A3 (training)
	-
	R
	-
	r
	-
	u
	R
	r
	r



	A4 (promotion)
	R
	R
	-
	r
	u
	-
	r
	R
	-



	A5 (survey)
	R
	u
	-
	R
	u
	-
	u
	R
	R



	A6 (data)
	r
	u
	-
	-
	R
	r
	-
	-
	-



	A7 (divulgation)
	R
	r
	r
	R
	-
	u
	-
	R
	R



	A8 (tourist)
	R
	r
	-
	R
	-
	u
	-
	R
	R



	A9 (radio)
	r
	R
	-
	R
	u
	-
	-
	R
	u



	A10 (design)
	-
	-
	r
	R
	R
	R
	-
	u
	u



	A11 (practice)
	R
	R
	-
	R
	u
	R
	R
	-
	R



	A12 (practice)
	R
	R
	-
	R
	-
	-
	R
	R
	u



	A13 (practice)
	R
	R
	-
	r
	u
	-
	r
	u
	r











5. Conclusions

The students learning preferences and self-efficacy have been related to their inclination toward sustainability and the green economy. For this purpose, an on-line questionnaire has been submitted to three groups of students, two in Italy (G-I and G-III) and one in Honduras (G-II). The survey has given measures of seven dimensions: two dedicated to the attitude and sensitivity to sustainability and the green economy; six ones related to learning preferences based on the Multiple Intelligence Inventory; and one related to self-efficacy. Three different kinds of analysis of the results have been presented: analysis of the raw average scores between the different groups of students; analysis of the level of significance for the found difference, considering the probability levels and according to the Student t-test; and correlation analysis among the dimensions within the single groups. The results obtained in this investigation have shown that the optimization of the teaching strategy for a specific class is not the only target. Indeed, the method allows one to exploit students'capabilities according to their natural preferences and inclinations. The proposed method has been called L2A (listen to apprise), because it is based, firstly, on acquiring information from the students (listening) and, then, on enhancing their capability (appraise). It has been shown how the L2A method can be conveniently applied to a specific educational program that involves activities in major projects on a territory. Finally, this article suggests a way to explore and implement new methods to make the themes of sustainability and the green economy more popular in higher education and in society.
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Appendix I


Questionnaire Stems Adopted for the Dimensions Related to Sustainability and the Green Economy

In this section, the questionnaire stems related to the variables, SUST-EDU and GREEN-ECO, are presented. The stems are supposed to be either a direct question, a sentence to be concluded or a sentence with which to be in agreement.



STUST-EDU




	04 Adding economical, social and environmental evaluations (when not required) to a technical study will double its cost, and therefore, you will consider it as…


	11 I agree to increase my current curriculum in the cost and commitment to study, in order to add skills and models to augment the sustainability of my future job.


	20 The teaching of sustainability principles should be integrated into the curriculum in all disciplines and at all levels of schooling.






GREEN-ECO




	10 I try to avoid purchasing goods from companies with poor track records on corporate social responsibility.


	17 I walk or bike to places instead of going by car.


	19 How many times a week do you buy and/or eat organic/local food?


	21 Do you regularly recycle?


	22 I have changed my personal lifestyle to reduce waste.







Appendix II


Correlation Tables










Appendix III


Correlation Levels of Significance










Appendix IV


Practical Application of L2A: table of the activities
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