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Abstract

:

The university is a key agent in the process of transformation towards sustainability within the framework of the 2030 Agenda. This study aims to analyze the usefulness of the collaborative learning methodology through a serious game (SG) in the university environment to increase the level of knowledge and the importance given to the Sustainable Development Goals (SDGs) by students. Through ex ante and ex post questionnaires, the degree of variation in the knowledge acquired and importance given to the SDGs was measured. To compare the midrange of these two samples and determine whether differences existed, we applied the Student and Wilcoxon t-tests. The results indicate that the methodology used produced an improvement in knowledge about the SDGs. Therefore, it is concluded that the university should promote this type of workshop and SG activities to contribute to the achievement of the SDGs, both in the Bachelor’s Degree in Primary Education and in degrees of other disciplines. Moreover, we have encouraged active learning of the SDGs through collaborative workshops using the design thinking method and an SG called “The Island”, which, based on certain economic, social and environmental information, puts students in a position to govern resources to meet the needs of its population.
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1. Introduction


The United Nations (UN), through the 2030 Agenda, poses global challenges that, along with an economic vision, include social and environmental perspectives [1]. This agenda, which is based on the 17 Sustainable Development Goals (SDGs), includes the actions to be developed in the coming years by public administrations, private companies, nonprofit organizations, universities and the general public. The aim of the 17 objectives, with their 169 targets, is to guarantee a sustainable, peaceful, fair and prosperous life for all the inhabitants of our planet now and in the future. They set environmental limits and align poverty eradication actions with economic development strategies without forgetting social needs and climate change [2]. The SDGs cover a set of interconnected themes that challenge society, such as health, education, climate action, peace and strong institutions [3].



Society has begun to value and demand greater involvement from companies, public administrations and educational institutions as agents that serve and affect the social and economic environment [4]. Thus, in the application of European Directive 2014/95/EU in Spain, Law 11/2018 [5] obliges certain large companies to report on the SDG commitments acquired by the entity in the nonfinancial information statement within the management report they publish, together with the annual accounts (balance sheet, profit and loss account, etc.) or in a separate report. By showing their commitment to the SDGs, entities can enter into a “war for talent”, as the people to be hired may be more attracted to more sustainable companies [3].



In this context, it is necessary to better train future professionals who are going to work in companies, whether they are obliged to report economic, social and environmental information or do so voluntarily, or in entities that make up interest groups in these companies and use this type of information, as well as in other types of entities (public entities and educational centers, among others) committed to the 2030 Agenda. Therefore, we must prepare university students so that they can help companies and other entities face these challenges. Specifically, students (future professionals who will work in different companies or entities) should be able to carry out five phases: (1) understand the SDGs and what the responsibilities of the companies are; (2) define priorities; (3) establish objectives; (4) integrate them into the management of the entity; and (5) report (communicate) the results obtained, both in economic, social and environmental terms [3].



Specifically, the university, as a key agent in the process of transformation towards sustainability, must commit itself to promoting sustainable values in the student body [6,7]. Education must promote equity and respect and help students understand the situation, perspectives and needs of people living in other parts of the world or belonging to another generation [8]. Teaching about sustainable development seeks to confront students with ethical issues in which they must decide what standards and codes society should develop in order to frame human actions that seek greater economic well-being while sustaining the natural environment [9]. Thus, students will have to assess and develop a code of ethics for sustainability when deciding which resources to use for economic, social and environmental challenges, both in the classroom and in real life [9].



Miller [10] established a hierarchy of competency levels for the medical profession (knowing how, demonstrating and doing), which is easily transferable to other professions [7]. In the field of university education, the integration of the European Higher Education Area advocates teaching methodologies that help students develop their skills in an active and meaningful way.



Methodologies associated with innovation must be an inexorable part of daily educational practice and must be supported by the use of educational and technological resources available [11]. In this context, the use of games as learning tools seems to be a promising approach due to their ability to teach and reinforce not only knowledge but also skills such as problem solving, collaboration or communication [9,12]. According to the Young Business Talents Report, games help increase the level of passing [13], so we understand that it also improves the degree of knowledge of the subjects in question.



The use of technological tools and innovative approaches allows students to understand abstract concepts [14]. However, technological resources such as serious games (SGs), created to promote sustainable education [15,16,17,18], are practically nonexistent as teaching tools, which is inconsistent with the development of both pedagogical concepts, information and communication technologies (ICTs), the games themselves and the skills and characteristics of the students [19]. Moreover, there are hardly any studies that match these two subjects, SGs and the SDGs, in a collaborative learning approach. This study contributes to this endeavor.



Nonetheless, the results of studies related to the effectiveness of SGs in terms of sustainability are inconclusive. On the one hand, Ouriachi, Overa-Lobo and Gutiérrez-Pérez [17] did not find statistically significant differences after the use of an SG. On the other hand, Rojo and Dudu [18] showed that SGs had an individualistic profile and were limited when working in different areas related to sustainability. However, Katsaliaki and Musafee [15] concluded that these games increased players’ understanding of events around sustainability and strengthened their knowledge of sustainable development strategies. Furthermore, to introduce ideas on sustainable development, Prado et al. [9] found that simulations were more effective than case studies, especially in terms of multidimensionality and intertemporality. In this sense, high-level programming software can solve real-life problems, such as the correct design of water supply tanks, the overall planning of a given area or the estimation of water availability in various climate change scenarios [20].



The inclusion in the university curriculum of the promotion of sustainable development (sustainable curriculum), the implementation of active methodologies in the classroom and the use of ICTs, such as business simulators or SGs, are essential to improving the necessary theoretical and practical knowledge to promote sustainable development [21,22,23].



In our case, based on the social need to manage or administer companies and other types of entities, both private and public, we take as our first general reference SDG 17 (revitalize alliances) to achieve SDG 16 (peaceful societies), and this is done through SDG 10 (reduce inequalities) by means of SDG 12 (ensure responsible production and consumption) and SDG 8 (sustained economic growth with decent work).



Therefore, the aim of this study is to analyze the effect of a learning experience based on a collaborative workshop and the use of an SG in the university environment to increase the level of knowledge and the importance given to the SDGs. This experience is in relation to training on Education for Sustainable Development (ESD) and based on the triple economic, social and environmental perspective. To this end, the following research questions (RQs) are posed:



RQa: Is the learning experience (collaborative workshop including a decision-making simulation game) useful for increasing the level of knowledge about the SDGs?



RQb: Is the learning experience (collaborative workshop that includes a decision-making simulation game) useful for increasing the level of importance placed on the SDGs?




2. Methods


The learning experience described here was part of a project within the framework of the CBL (Campus Bizia Lab) initiative of the University of the Basque Country (UPV/EHU), which has as one of its objectives to foster collaboration between administration and service staff, teachers and students. In the style of other universities [24], the ultimate purpose of this initiative is to investigate and raise awareness about sustainability and even solve real problems at the university.



As far as we know, the effect of this type of educational intervention of workshops with design thinking methodology and the use of an SG for undergraduate students in primary education has not yet been investigated.



2.1. Collaborative Workshops and SG


The learning experience began with collaborative workshops in which we have encouraged the active learning of the SDGs using the design thinking method, which incorporates elements of the research method studied by Caamaño [25]. An SG called “The Island”, which, based on certain economic, social and environmental information, puts students in a position to manage resources (create or destroy homes, industries, etc.) to meet the needs of its population, was used.



The initial workshop, based on active methodologies, took place in a three-hour session. Students were required to bring one laptop for each group of three people. The first activity, called Lotus Blossom, consisted of dividing the large group into small groups of five people to identify the actions related to sustainability that they were developing in the area of academic teaching that they were studying or in the area of management in their school (building conditions, etc.) as well as the actions that they believed should be carried out. Each group was to focus on one of eight areas, write it down on a Post-it Note and then explain it in the general group. The eight areas were as follows: (i) Current Economic, (ii) Future Economic, (iii) Current Environmental, (iv) Future Environmental, (v) Current Social, (vi) Future Social, (vii) Current Political and (viii) Future Political. The result of the debate was that, according to the perception of the students in the degree of education, for example, in the current economic field, no action was being taken in their education, and measures should be implemented to make them aware of the functioning of the world economy.



For the second activity, called Orange and Green Cards, the students were divided into 16 groups (the groups from the previous activity were subdivided into two). SDG 17 was explained by the research faculty who organized the activity. Afterwards, each group had to look for information about the SDG assigned to them and propose an improvement from their perspective as students in the primary education grade. When a group made a proposal or explained something, the rest of the teams would raise the green card if they had understood it well and agreed or the orange card if they needed something clarified or did not agree.



Finally, the last activity took place over three hours and consisted of playing the SG called “The Island”. This SG involves five cities over which eight seasons pass (summer, winter, etc.), and players play (make different decisions) in each of them before moving on to the next one. Data on the weather of each location (more or less sunshine, more or less wind, etc.) is provided so that the effectiveness of the different energy stations (solar, etc.) can be calculated. With an initial budget, participating groups in the game can decide by consensus whether to build more houses and can choose from several types that have different energy efficiency characteristics. They can plant crops, choosing the area most suitable for them, build different types of industries, etc. When they move from one season to another, they can find out what the impact is in terms of the environmental field (as soon as the pollution has increased or decreased) and the citizens’ assessment (less or more than in the previous season) once the corresponding decisions have been taken.



The economic, environmental (climate, soil) and social (energy infrastructure, housing, transport, jobs, etc.) aspects are taken into account. Therefore, the game covers almost all SDGs. In the first round, one-third of the groups made their decisions solely on the basis of economic criteria, one-third on the basis of social criteria and one-third on the basis of environmental criteria. Once the round was over, they shared the decisions they had made and the results achieved (variation in the budget, the level of environmental pollution and citizen satisfaction), and in the following rounds, once the previous knowledge had been acquired, they considered all the criteria at the same time.



Unlike the software used by González-Alriols et al. [20], the software we used is suitable for people who do not have specific technical knowledge of the different decision areas (types of housing or types of wind, thermal, nuclear power plants, etc.), and it facilitates a description of the main functional characteristics (more or less polluting, etc.) and cost of each option.




2.2. Data Collection Instruments


This was an exploratory work based on the quantitative paradigm. To that end, a five-point Likert scale survey was used. Through two questionnaires, information was collected in order to analyze if there were differences in perception regarding the knowledge of each of the 17 SDGs before and after the use of the SG to assess whether there was an improvement in the knowledge acquired about the SDGs by the analyzed group, as well as in the importance that this collective granted to each of the 17 SDGs.




2.3. Participants. Sample for the Analysis


Mulà et al. [26] underlined the importance of university professors who are trained in sustainability in the first place. To carry out this study, we have taken a sample of convenience, consisting of the first-year group of the natural sciences, a subject of the primary education degree in the UPV/EHU in Leioa (Bizkaia, Spain) in which some sustainability concepts are already being studied. The activity was carried out in the second semester of the 2018/2019 academic year.



In our case, focusing on SDG 4, quality education, we have taken as a sample of analysis university students who will subsequently be education professionals. Thus, we understood that the students of the degree in education as a subject of study were of interest for two reasons. First, the opinions of this sample could be considered a proxy or indicator of the opinions of society in general, to the extent that students have not had to complete a specific baccalaureate (science, social science or the arts), being capable of taking any of the modalities. On the other hand, knowing the perceptions of this group was of great interest, to the extent that these people are the ones who are going to train the primary school students of the future generations of our society, a group that must also be trained in sustainability in order to influence the sustainable values [2,7,27,28].



As a first approximation of the students who have participated in the educational intervention, and in the application of the agreement of the Governing Council of the University of the Basque Country of 2 November 2017 regarding the application of a third box in application or survey forms [29], the survey included the “nonbinary” option on gender. In this case, none of the people identified in the “nonbinary” category. On the other hand, according to the high socialization in the traditional gender values that result in a greater feminization of primary education studies [30], of the 47 participants, only 10 were men; the majority (78.7%) were women. On the other hand, before carrying out the activity of workshops and SGs, almost half responded that they had not received sustainability training in any subject (42.6%), although the rest (57.4%) considered that they had received some training in one, two or more subjects. When asked if they had thought about choosing a theme related to sustainability for their final degree project, eight people (17%) responded that they would not, but most (80.9%) did not know or did not answer, since they were still in the first year. Finally, the majority of students (93.6%) said they had never used a simulator or business game in their university life. This is also logical, since their university life was still limited to the first year of the degree (Table 1).





3. Results


First, whether the different ex ante and ex post samples followed a normal distribution was determined through the Shapiro–Wilk statistical test. To compare the average range of these two samples and determine if there were differences, we applied Student’s t-test for the samples that met the normality and applied the Wilcoxon criteria for those that did not.



When testing the significance of the issues investigated, we first needed to determine whether each of the variables (x) of “knowledge degree” (KD) and “importance degree” (ID) granted for each of the SDGs had a normal distribution before (_PRE) and after (_POST) the activity.



H0: 

The variable (x) in the population has a normal distribution..





H1: 

The variable (x) in the population is different from the normal distribution..





In this case, since the sample size was less than 50 observations, we used the Shapiro–Wilk test (Table 2 and Table 3). Thus, the null hypothesis (p = 0.00 < 0.05) was rejected in the sense that there were no differences; that is, they did not meet normality in most cases (“knowledge degree” and “importance degree” relative to each of the SDGs individually, before and after the activity, as well as for the means corresponding to the importance attached to the SDGs together, before and after). Only the means of the knowledge degree of the SDGs, both before (KD_SDG_MEDIA_PRE, p = 0.721 > 0.05) and after the innovative activity (KD_SDG_MEDIA_POST, p = 0.931 > 0.05) (Table 2), were Gaussian samples, which meet normality.



This first analysis regarded the first research question:



Is the learning experience useful for increasing the level of knowledge about the SDGs?



In the first place, we performed the statistical tests necessary to determine if there was a significant difference between the means of the two groups (ex ante and ex post). We proposed as the first hypotheses:



H0_a: 

The methodological initiative that includes an SG does not affect the knowledge of the SDGs.





H1_a: 

The methodological initiative that includes an SG does affect the knowledge of the SDGs.





As we have seen, the statistical tests applied in order to determine the significance needed to be different. For samples that met normality (the average of the degree of knowledge of the SDGs, before and after the innovative activity), we used Student’s t. Thus, we applied Student’s t to corroborate if the SG significantly affected the average level of knowledge, that is, in general, of the SDGs (Table 4). The value obtained was p = 0 < 0.05, so we rejected H0. That is to say, there was a difference between the average of the degree of knowledge before and after the activity; therefore, based on Student’s t-distribution (3.998), we could confirm that the use of the SG positively affected the degree of knowledge mean (general) about the SDGs.



On the other hand, for the samples that did not meet the norm (KD and ID of each of the SDG individually, before and after the activity, as well as the means related to the importance given to the SDGs before and after), we used the Wilcoxon test (Table 5).



Thus, 11 of the SDGs were affected by the SG: 1 (ending poverty), 2 (zero hunger), 6 (clean water and sanitation), 7 (affordable and clean energy), 8 (decent work and economic growth), 9 (industry, innovation and infrastructure), 11 (sustainable cities and communities), 12 (responsible production and consumption), 14 (underwater life), 15 (life of terrestrial ecosystems) and 17 (partnerships to achieve the goals).



However, the SG did not affect the level of knowledge of six of the SDGs: 3 (health and welfare), 4 (quality education), 5 (gender equality), 10 (reducing inequalities), 13 (climate action) and 16 (peace, justice and strong institutions). This is logical because the SG did not incorporate data from individual people but from the general population. Thus, it did not take into account the gender of individuals (SDG 5), nor did it take into account inequalities between individuals (SDG 10), aspects of individual people’s health (SDG 3) or the educational level of each individual (SDG 4). However, the SG did involve making decisions regarding the creation of crops (SDG 2), industries (SDGs 1 and 8), the choice of types of power plants according to their level of pollution (SDGs 6, 7, 14 and 15) and transport infrastructure (SGDs 9 and 11).



Therefore, even though the SG has some limitations because it cannot ensure the increase of knowledge about each and every SDG, we can affirm that it contributed to the significant improvement of 64.7% of the SDGs.



As for the second question:



RQb: Is the learning experience useful for increasing the level of importance that students attach to the SDGs?



We proposed the following hypotheses:



H0_b: 

The methodological initiative that includes an SG does not affect the level of importance given to the SDGs.





H1_b: 

The methodological initiative that includes an SG does affect the level of importance given to the SDGs.





In this case, based on the statistical evidence, there was no evidence that the degree of importance was affected by the educational intervention using an SG (Table 5), neither by analyzing the means (Table 6) nor by analyzing each SDG individually (values > 0.05).



Therefore, based on the averages in general, we concluded that the SG did not affect the degree of importance that the students attached to the SDGs but affected the degree of knowledge about them, so it was useful for sustainability education.




4. Discussion


According to Canals et al. [31], bringing science (in the case of their article, environmental) closer to the general public and to young people is a challenge for the scientific community. The combination of active learning practices that combine the acquisition of knowledge, the development of self-management skills and responsibility can bear good fruit. Similar to their work, which sought to awaken the interest of participating students in the ecological and environmental science field, to convey this group to the rest of the students and, finally, to examine it with the teaching staff involved in this educational problem, our teaching and learning experience also had the objective of promoting knowledge about the SDGs to participating students.



In line with the results of Katsaliaki et al. [15] and Prado et al. [9], the use of the SG did contribute to the improvement of knowledge about the SDGs. In relation to the averages of the degree of knowledge (KD_MEDIA) and degree of importance (ID_MEDIA) of both the ex ante and the ex post, the fact that the use of an SG only affected the degree of knowledge implies that this may be logical due to the fact that the students have been able to receive certain training on sustainability in preuniversity education, and we even know that they have done so in the very subject in which we have carried out the intervention, so the students would already be aware of its importance.



Furthermore, in line with the idea of the “drop of water effect” that permeates the university and society [7,32], we believe that the transmission of knowledge generated through the methodological process described in this research produces an indirect contribution, both through the communication that participating students can have with nonparticipating students with whom they relate throughout the university degree and through the training of the rest of the teaching staff that has helped carry out this activity.




5. Conclusions


This article aimed to analyze the usefulness of a collaborative learning methodology through SGs in the university environment to increase the level of knowledge and the importance given to the Sustainable Development Goals (SDGs) by students.



It has been demonstrated that the use of SGs affected the degree of knowledge of SDGs. However, educational intervention with simulation games did not affect the degree of importance that students gave them. Therefore, this SG used in a collaborative way after a learning process based on the design thinking methodology provided users with a greater knowledge of the SDGs, which were worked on in a nonindividual way and allowed the development of creativity, critical attitudes and systemic thinking by putting themselves in the role of a social entrepreneur who must manage resources, not only reducing waste but also creating energy, employment, transport, housing and telecommunications in a clean, economic and sustainable way. Thus, we understood that it was useful for the processes of education for sustainability, especially in areas that are not specific to each university degree. For example, the primary education degree will focus specifically on SDG 4 (quality education), but with the use of the SG, they also worked on other SDGs related to the environment (SDG 7, climate action) or the economy (SDG 12, responsible production and consumption).



The results of this research can contribute both to the students who have participated in the learning activity, so that they are aware of the possible differences that may exist in their level of acquisition and training in sustainability development education (SDE) through SGs, and to the teaching staff and competent bodies in the university, so that they adapt their programs and methodologies to the use of SGs.



In summary, this research was configured as an exploratory study that opens the way for new research that reflects on how collaborative learning through an SG affects the level of knowledge of the SDGs and the perception of their importance. To transfer into practice this experience carried out in higher education students, it should be noted that it can be extrapolated and adapted to any educational stage, adapting both spaces and times, as well as taking into account the digital competence of each of the participants involved in the experiment.



The intention is to initiate a field of research that presents a significant deficit in the scientific literature, which is based on the number of investigations that analyze the incidence of collaborative learning through SGs to improve the knowledge of the SDGs. Although the size of the sample limits the possibility of generalizing the results, this study can serve as a starting point for new research on the topic analyzed.



Future research could consist of extending the sample to students with degrees in other areas. Therefore, it would be enriching for the literature to compare the obtained results in this paper with transversal professional skills needed to achieve the SDGs.
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Table 1. Participants by gender, by number of subjects in which they have received sustainability training, by intention to choose sustainability for their end of degree project and by the number of subjects in which they have used a simulator or business game.






Table 1. Participants by gender, by number of subjects in which they have received sustainability training, by intention to choose sustainability for their end of degree project and by the number of subjects in which they have used a simulator or business game.





	Gender
	Frequency
	Percentage





	WOMAN
	37
	78.7



	MAN
	10
	21.3



	Total
	47
	100.0



	Have received sustainability training in one or more subjects
	Frequency
	Percentage



	0 subjects
	20
	42.6



	1 subject
	19
	40.4



	2 subjects
	7
	14.9



	> 3 subjects
	1
	2.1



	Total
	47
	100.0



	Plan to choose a topic related to sustainability for their end of degree project
	Frequency
	Percentage



	NO
	8
	17.0



	Do not know/no answer
	38
	80.9



	YES
	1
	2.1



	Total
	47
	100.0



	Subjects who have used an SG in their academic life
	Frequency
	Percentage



	0 subjects
	44
	93.6



	1 subject
	3
	6.4



	Total
	47
	100.0
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Table 2. Normality tests for the different related samples—knowledge level.






Table 2. Normality tests for the different related samples—knowledge level.





	Normality Tests
	Shapiro–Wilk

Test
	Sig.
	Normality Tests
	Shapiro–Wilk

Test
	Sig.





	KD_SDG 1_PRE
	0.857
	0.000
	KD_SDG 1_POST
	0.882
	0.000



	KD_SDG 2_PRE
	0.858
	0.000
	KD_SDG 2_POST
	0.887
	0.000



	KD_SDG 3_PRE
	0.860
	0.000
	KD_SDG 3_POST
	0.843
	0.000



	KD_SDG 4_PRE
	0.865
	0.000
	KD_SDG 4_POST
	0.891
	0.000



	KD_SDG 5_PRE
	0.858
	0.000
	KD_SDG 5_POST
	0.858
	0.000



	KD_SDG 6_PRE
	0.856
	0.000
	KD_SDG 6_POST
	0.891
	0.000



	KD_SDG 7_PRE
	0.904
	0.001
	KD_SDG 7_POST
	0.880
	0.000



	KD_SDG 8_PRE
	0.875
	0.000
	KD_SDG 8_POST
	0.875
	0.000



	KD_SDG 9_PRE
	0.827
	0.000
	KD_SDG 9_POST
	0.799
	0.000



	KD_SDG 10_PRE
	0.889
	0.000
	KD_SDG 10_POST
	0.889
	0.000



	KD_SDG 11_PRE
	0.866
	0.000
	KD_SDG 11_POST
	0.813
	0.000



	KD_SDG 12_PRE
	0.909
	0.001
	KD_SDG 12_POST
	0.896
	0.001



	KD_SDG 13_PRE
	0.886
	0.000
	KD_SDG 13_POST
	0.838
	0.000



	KD_SDG 14_PRE
	0.844
	0.000
	KD_SDG 14_POST
	0.887
	0.000



	KD_SDG 15_PRE
	0.877
	0.000
	KD_SDG 15_POST
	0.877
	0.000



	KD_SDG 16_PRE
	0.912
	0.002
	KD_SDG 16_POST
	0.868
	0.000



	KD_SDG 17_PRE
	0.800
	0.000
	KD_SDG 17_POST
	0.896
	0.001



	KD_SDG_MEDIA_PRE
	0.983
	0.721
	KD_SDG_MEDIA_POST
	0.989
	0.931
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Table 3. Normality tests for the different related samples—importance level.
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	Normality Tests
	Shapiro–Wilk

Test
	Sig.
	Normality Tests
	Shapiro-Wilk

Test
	Sig.





	ID_SDG 1_PRE
	0.580
	0.000
	ID_SDG 1_POST
	0.623
	0.000



	ID_SDG 2_PRE
	0.500
	0.000
	ID_SDG 2_POST
	0.621
	0.000



	ID_SDG 3_PRE
	0.595
	0.000
	ID_SDG 3_POST
	0.638
	0.000



	ID_SDG 4_PRE
	0.580
	0.000
	ID_SDG 4_POST
	0.525
	0.000



	ID_SDG 5_PRE
	0.397
	0.000
	ID_SDG 5_POST
	0.608
	0.000



	ID_SDG 6_PRE
	0.601
	0.000
	ID_SDG 6_POST
	0.676
	0.000



	ID_SDG 7_PRE
	0.675
	0.000
	ID_SDG 7_POST
	0.679
	0.000



	ID_SDG 8_PRE
	0.736
	0.000
	ID_SDG 8_POST
	0.615
	0.000



	ID_SDG 9_PRE
	0.804
	0.000
	ID_SDG 9_POST
	0.732
	0.000



	ID_SDG 10_PRE
	0.621
	0.000
	ID_SDG 10_POST
	0.652
	0.000



	ID_SDG 11_PRE
	0.687
	0.000
	ID_SDG 11_POST
	0.688
	0.000



	ID_SDG 12_PRE
	0.719
	0.000
	ID_SDG 12_POST
	0.711
	0.000



	ID_SDG 13_PRE
	0.642
	0.000
	ID_SDG 13_POST
	0.692
	0.000



	ID_SDG 14_PRE
	0.721
	0.000
	ID_SDG 14_POST
	0.736
	0.000



	ID_SDG 15_PRE
	0.778
	0.000
	ID_SDG 15_POST
	0.665
	0.000



	ID_SDG 16_PRE
	0.623
	0.000
	ID_SDG 16_POST
	0.662
	0.000



	ID_SDG 17_PRE
	0.785
	0.000
	ID_SDG 17_POST
	0.772
	0.000



	ID_SDG_MEDIA_PRE
	0.838
	0.000
	ID_SDG_MEDIA_POST
	0.809
	0.000
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Table 4. Significance tests for samples with normal distribution.
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Testing of Paired Samples

(t for Student)

	
Matching Differences

	
t

	
gl

	
Sig. (Bilateral)




	
Mean

	
Standard Deviation

	
Average Error

Deviation

	
95% Confidence Interval of the Difference

	

	

	




	
Lower

	
Superior

	

	

	






	
KD_SDG_MEDIA_POST

- KD_SDG_ MEDIA _PRE

	
0.560700881

	
0.961407494

	
0.140235696

	
0.278421066

	
0.842980696

	
3.998

	
46

	
0.000
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Table 5. Significance tests for samples with non-normal distribution in relation to the level of knowledge about the Sustainable Development Goals (SDGs) individually.
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	Testing of Paired Samples (Wilcoxon)
	Z
	Sig. Asymptotics (Bilateral)
	Testing of Paired Samples (Wilcoxon)
	Z
	Sig. Asymptotics (Bilateral)





	KD_SDG 1_POST - KD_SDG 1_PRE
	−2.537 a
	0.011 *
	ID_SDG 1_POST - ID_SDG 1_PRE
	−0.406 a
	0.685



	KD_SDG 2_POST - KD_SDG 2_PRE
	−2.897 a
	0.004 *
	ID_SDG 2_POST - ID_SDG 2_PRE
	−1.334 a
	0.182



	KD_SDG 3_POST - KD_SDG 3_PRE
	−1.492 a
	0.136
	ID_SDG 3_POST - ID_SDG 3_PRE
	−0.617 a
	0.537



	KD_SDG 4_POST - KD_SDG 4_PRE
	−1.093 b
	0.275
	ID_SDG 4_POST - ID_SDG 4_PRE
	−0.832 b
	0.405



	KD_SDG 5_POST - KD_SDG 5_PRE
	−0.718 a
	0.473
	ID_SDG 5_POST - ID_SDG 5_PRE
	−1.762 a
	0.078



	KD_SDG 6_POST - KD_SDG 6_PRE
	−3.402 a
	0.001 *
	ID_SDG 6_POST - ID_SDG 6_PRE
	−1.208 a
	0.227



	KD_SDG 7_POST - KD_SDG 7_PRE
	−3.378 a
	0.001 *
	ID_SDG 7_POST - ID_SDG 7_PRE
	−0.171 b
	0.864



	KD_SDG 8_POST - KD_SDG 8_PRE
	−4.010 a
	0.000 *
	ID_SDG 8_POST - ID_SDG 8_PRE
	−0.687 b
	0.492



	KD_SDG 9_POST - KD_SDG 9_PRE
	−4.394 a
	0.000 *
	ID_SDG 9_POST - ID_SDG 9_PRE
	−1.226 b
	0.220



	KD_SDG 10_POST - KD_SDG 10_PRE
	−0.328 a
	0.743
	ID_SDG 10_POST - ID_SDG 10_PRE
	−1.390 a
	0.165



	KD_SDG 11_POST - KD_SDG 11_PRE
	−4.477 a
	0.000 *
	ID_SDG 11_POST - ID_SDG 11_PRE
	−0.253 b
	0.800



	KD_SDG 12_POST - KD_SDG 12_PRE
	−2.048 a
	0.041 *
	ID_SDG 12_POST - ID_SDG 12_PRE
	−0.251 b
	0.802



	KD_SDG 13_POST - KD_SDG 13_PRE
	−1.120 a
	0.263
	ID_SDG 13_POST - ID_SDG 13_PRE
	−0.646 a
	0.518



	KD_SDG 14_POST - KD_SDG 14_PRE
	−3.438 a
	0.001 *
	ID_SDG 14_POST - ID_SDG 14_PRE
	−0.138 b
	0.890



	KD_SDG 15_POST - KD_SDG 15_PRE
	−2.569 a
	0.010 *
	ID_SDG 15_POST - ID_SDG 15_PRE
	−1.522 b
	0.128



	KD_SDG 16_POST - KD_SDG 16_PRE
	−1.903 a
	0.057
	ID_SDG 16_POST - ID_SDG 16_PRE
	−0.688 a
	0.491



	KD_SDG 17_POST - KD_SDG 17_PRE
	−3.982 a
	0.000 *
	ID_SDG 17_POST - ID_SDG 17_PRE
	−0.219 b
	0.827







a based on negative ranges; b based on positive ranges; * less than 0.05.
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Table 6. Significance tests for samples with non-normal distribution in relation to the mean of the degree of importance attached to the SDGs.






Table 6. Significance tests for samples with non-normal distribution in relation to the mean of the degree of importance attached to the SDGs.





	Range Testing Signed by Wilcoxon
	Z
	Sig. Asymptotics (Bilateral)





	ID_SDG_MEDIA_POST - ID_SDG_MEDIA_PRE
	−0.051 a
	0.959







a Based on negative ranges.














© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  sustainability-12-06169


  
    		
      sustainability-12-06169
    


  




  





media/file0.png





