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Abstract

:

As a reaction to the current situation of local and global environmental deterioration, recent decades have seen the emergence of multiple educational strategies and methodologies within Environmental Education (EE) with the aim of promoting pro-environmental attitudes among young people. One of these strategies is Problem-Based Learning (PBL), and it is necessary to analyze the didactic implications of this methodology in the field of EE in order to maximize its effectiveness. This study evaluates the implementation and didactic implications of an environmental project designed under the PBL methodology. The project was carried out over consecutive years of compulsory secondary education (Grades 9 and 10) in two secondary schools in the province of Granada, Spain. The data collection instruments used included the researcher’s diary, self-assessment and reflection questionnaires for the participating students, and questionnaires and rubrics completed by the audience during the presentation of the final product. The study employed a qualitative interpretative approach, using response categorization and SWOT analyses, the results of which revealed multiple conclusions, highlighting the high level of motivation, work and participation of the students, as well as the didactic benefits of the enriching socialization of the project. Difficulties, such as time management and cooperative group work, lack of practice in the methodology used and challenges related to the use of information and communication technologies (ICT), were also identified. Finally, recommendations are provided for the application of this methodology in other educational contexts.
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1. Introduction


Well into the 21st century, we can confidently assert that we are facing unprecedented anthropogenic environmental deterioration [1,2,3]. Some of the most important parameters indicating the various current environmental issues include climate change, biodiversity loss, disruptions in the global nitrogen and phosphorus cycles, ozone depletion, ocean acidification, global freshwater consumption, land use changes, chemical pollution, and atmospheric aerosol concentration [4]. It is evident that the solution to this array of problems is complex and multifactorial. However, as educators, we have an important role to play through Environmental Education (EE) in trying to improve this situation to the best of our abilities, particularly in terms of empowering individuals to take action [5]. In this sense, Ref. [6] points out that effective environmental education goes beyond a unidirectional transfer of information. Instead, it develops and enhances environmental attitudes, values, and knowledge while building skills that prepare individuals and communities to collaboratively undertake positive environmental action. In fact, there is now a general social consensus on the importance of EE as a key element for creating awareness in citizens of the need to maintain the environmental conditions of our surroundings within acceptable margins [7].



In any case, the challenges are also numerous, with the feeling that we are always trailing behind issues that surpass the objectives and possibilities of EE. Some of these challenges are as follows:




	
The paradox that even though we have more environmental information available, especially through the media, it has not resulted in a social transformation towards more sustainable lifestyles. These lifestyles often clash with immediate beliefs and interests that encourage consumerism and tend to overlook individual responsibility in the global situation.



	
Formal EE is practically anecdotal despite recognizing certain advances in curriculum designs and materials. However, the conditions of the teaching staff also do not contribute to greater involvement.



	
Pure activism [8], or in other words, taking pro-environmental actions without undertaking appropriate reflection on what we do, why we do it, and for what purpose, prevents us from interpreting what is happening and being able to undertake future actions based on well-founded reasons.








In recent years, alternative teaching and learning strategies have emerged in the field of science education in general, and EE in particular, as a reaction to conventional methods and in line with constructivist principles [9]. According to [10], there is already sufficient evidence of the effectiveness of various inquiry-based methods of instruction, including project-based learning, inquiry-based learning, guided discovery, and others, which have all provide opportunities for developing explanations and seeking solutions of a different nature. One such methodology is Problem-Based Learning (PBL). As Ref. [9] indicates, PBL approaches develop students’ abilities to tackle complex, unstructured problems that resemble situations they are likely to encounter in the future. Therefore, PBL seems to align with the educational needs of EE, which frequently involve finding solutions to diverse environmental problems [11,12]. Moreover, this methodology offers noteworthy didactic potential, manifested in the improvement of knowledge and skill integration, avoidance of fragmented learning, development of creative and critical thinking, interdisciplinary and autonomous learning, teamwork, and enhanced problem-solving [13,14,15,16]. Hence, the aforementioned supports the presumed suitability of PBL in EE development. However, few studies have analyzed the relationship between the two and the potential deficiencies and challenges that may arise in their implementation.



The aim of this work is to describe in the form of a case study the functioning, performance, problems addressed, and didactic implications of the methodology in question when applied to the field of EE, as well as to specify recommendations for future implementations. In order to achieve this objective, a qualitative interpretative investigation was carried out, consisting of a detailed analysis of the development of this methodology in two Spanish secondary schools over two consecutive academic years with students in the ninth and tenth grades of secondary education. For this purpose, an evaluation was performed using three instruments to collect formative evidence in the development of the PBL methodology, namely an analysis of Strengths, Weaknesses, Opportunities and Threats (SWOT) of the diary of the researcher who applied the PBL methodology, self-evaluation and reflection questionnaires of the participating students, and questionnaires and rubric of the audience present on the day of the exposition of the final product obtained by the students. Some of the conclusions following the analysis of the aforementioned instruments and their subsequent triangulation, as well as the comparison between the two years of intervention, were as follows: the high level of motivation, work and participation, the positive didactic implications of the rich socialization of the project, the problems in time management and cooperative group work, the lack of practice in the methodology under study (PBL) and the problems with the use of ICT.




2. Theoretical Framework


In recent years, various didactic and methodological strategies have been used in EE, such as service learning, problem-based learning, project-oriented learning, simulation games and case studies [17]. Project-based learning (PjBL), together with problem-based learning (PBL), are teaching approaches that are emerging as authentic alternatives to traditional methods. Through previous work using bibliographic analysis [9], we established a comparison between both of them and also with Inquiry-Based Learning (IBL) and Cooperative Learning (CL), establishing a spatial relationship through the conceptual map shown in Figure 1.



One of the conclusions we reached was that the project, in terms of its denomination and internal relationships, can be considered as the overarching concept, with PBL, CPBL, and IBL as subconcepts, with the latter being seen as a consequence of Project-Based Learning (PjBL). It was found to stimulate creativity, inquiry, communication, and diverse learning.



Despite its adaptability to different types of knowledge, Environmental Problems (EPs) are an ideal target on which to focus PBL due to the disciplines involved in their resolution, their diversity and their magnitude, which is leading us to a state of “planetary emergency”. The 2030 Agenda of the United Nations and the periodic meetings on Climate Change (those of the IPPC, for example) are good proof of this.



Among other characteristics, EPs [18,19] possess the following features:




	
Due to their complex and ever-changing nature, they do not have a single solution (referred to as open-ended problems in educational jargon [20].



	
Their resolution requires reflection and creative investigation, drawing upon interdisciplinary scientific knowledge as well as everyday and traditional knowledge.



	
They should be useful and applicable to everyday life.



	
They can be used as a didactic end (learning problem-solving skills) or as a means (learning environmental content).








These same characteristics mean that there are also difficulties in dealing with them, some of which are as follows:




	
In the school curriculum, content is often not presented as problematic or integrated across different subjects.



	
They may not emerge from students’ interests and everyday experiences.



	
Their complexity is often overlooked, presenting them as simple and linear cause–effect relationships.



	
The responsibility for solving environmental problems is often attributed to higher authorities, neglecting individual and collective citizen responsibility.








Relationship between EE and PBL


Several studies have been carried out in recent years using PBL/PjBL as a strategy for EE on various topics and research designs. These have focused on water management [21], river dredging [22], ocean water [23,24], school projects [25,26], ecological farming [27], ecological gardens [28], knowledge and attitudes [29,30,31], the development of cross-domain and domain-specific components of experimental problem-solving ability [32], open problem-solving [33], use of smartphones and outdoor education [34]. The research designs used by the mentioned authors vary from quasi-experimental to single-group designs.



In an attempt to summarize the results from this diverse range of previous research, the following accomplishments of PBL in EE for its users can be mentioned: a favorable attitude to its use in the classroom is perceived, environmental awareness is increased, improvement in skills and problem-solving abilities is observed, integrated use of knowledge and knowledge sharing in collaborative group work occur, creativity and research are enhanced, as well as evidence-based argumentation, critical thinking, global thinking, and scientific competence. These findings have been corroborated by other studies [35,36,37,38,39].



On the other hand, in the literature review we conducted earlier, some difficulties or weaknesses for students in the application of PBL have been identified, which seem to contradict some of the previous results, at least partially. These include a lack of improvement in learning outcomes or critical thinking compared to traditional methods, a lack of practice in this methodology, inherent workload overload, challenges associated with group work, a lack of autonomy in approaching the proposed activities, as well as feelings of confusion, uncertainty, and insecurity, especially in the early stages of the strategy [40].



From the teachers’ perspective, [41,42] include the difficulty of evaluation as a negative aspect, and [42] points out that the implementation of PBL in the classroom is less comfortable for teachers, with increased noise and movement among students, as well as uncertainty compared to more traditional methodologies.



These last disadvantages can surely be totally or partially overcome as this way of working in the classroom is consolidated over time and the majority of the school where it is carried out join in.





3. Methodology


3.1. Research Methodology and Design


The research methodology employed in this study was qualitative, with data processing following a qualitative-interpretive approach [43]. To achieve the research objectives, the same teacher implemented a project in two different secondary schools over consecutive academic years. By replicating the interventions, the aim was to analyze the functioning of the methodology in question in two different contexts, allowing for the comparison and triangulation of the results obtained in both educational settings and enhancing their validity, which was further increased by employing three data collection instruments focused on the same instructional process (the methodology under study), which were triangulated and compared for this purpose.




3.2. Contextualisation and Description of the Sample


Both interventions were carried out in the province of Granada (Spain) in two public secondary schools. The teaching researcher was the same in both courses and had no experience in using PBL as a teaching methodology. The first year of the intervention was carried out in a grade 10 group with 26 students (14 boys and 12 girls) in a school in the provincial capital, which receives students from a medium socio-economic level and with academic results above the average for the area. However, the second intervention was carried out in a grade 9 group with 31 pupils (14 boys and 17 girls) from a secondary school in a village near the capital with a medium-low socio-economic level and with lower academic results than the former. This guaranteed the possibility of analyzing the development of the methodology under study in two different educational scenarios.




3.3. Description of the Project and Problem Posed


The project, which is detailed in Ref. [40], began with a driving question: “Is Granada a liveable city?”, generating, together with the analysis of news and evidence of the situation of environmental parameters, a starting debate that laid the foundations for the development of the project. Likewise, the problem situation the students were required to face was: “How can we improve the urban environment of your city/town?”. In order to answer these questions, the students were divided into cooperative groups (with specific roles assigned). Each group focused their research on a specific environmental parameter of the urban environment: noise pollution, air pollution by gases, the situation of rivers passing through the city, the surface area of urban parks and their condition. The groups analyzed the situation of each of the parameters and looked for possible solutions to the problems found in each of them. To this end, the tasks carried out by the students were diverse: preparation of a glossary of basic ecological and environmental terms; elaboration of a portfolio (with all the information related to the study carried out); creation of a learning diary on the project; diagnosis of the environmental situation in their locality (diversified in the parameters mentioned above: measurement of noise levels, determination of pollutants in river water, analysis of the diversity of parks and gardens, processing of information and elaboration of graphs and tables), the design of a plan of action for the improvement of the environment (this was the proposed solution to the problem posed) and preparation of a presentation and exposition to an audience outside the school. The evaluation was diversified, and rubrics were applied. The total duration of the intervention comprised 24 sessions (Table 1) in both academic years and was carried out within the subject of biology and geology, although language, geography and history teachers also participated.




3.4. Data Collection Instruments


As mentioned above, three instruments were used to obtain the required information to achieve the research objectives: the researcher’s diary, a self-assessment and reflection questionnaire (completed by the participating students) and a questionnaire and evaluation rubric on the presentation of the final product by the students (completed by the audience present).



The researcher’s diary is an extremely useful tool for collecting and/or storing information during the course of a research project [44]. At the end of each day, the diary was filled out, in which the researcher (and teacher) systematically noted down (including the title and date for each entry) reflections, points of view, preliminary conclusions, initial hypotheses, doubts, etc. These notes were structured into five descriptors: observations and description, problems or difficulties, positive aspects or progress, reflections or conclusions and possible improvements. The self-assessment and reflection questionnaire (which was anonymous) had three objectives. Firstly, the students’ level of awareness of the development and structure of the project developed was determined by asking them what the key question of the project was and what the main steps or stages of the project were. Secondly, the personal implications were uncovered by answering the following questions: What was the most important thing you learned from this project? What would you have liked to spend more time on or what would you have done differently? What part did you work on best? Finally, we wanted to know what the strengths and weaknesses of the project were from the students’ point of view, as well as suggestions for improvement; for this purpose, we asked the following questions: What was the most enjoyable part of this project? What was the part you liked the least? How should your teacher modify this project to make it better next time? The questionnaire was taken and adapted from Larmer et al. and administered following the end of the educational intervention [45]. Finally, the audience questionnaire and rubric were used to collect data to obtain relevant information after the students’ execution of the final product exposition. On the one hand, a questionnaire, completed voluntarily and anonymously by the audience, asked five questions about the content and execution of the final product presentation: What did you learn from this presentation, or what did it make you think about? What were the strengths of this presentation? How could this presentation be improved? Any other comments about this presentation? The audience was also asked to fill in a rubric for the students’ presentation (overall). The sections of the rubric were as follows: clear speech, volume, vocabulary, comprehension, content, body posture and eye contact. In both interventions, the audience to whom the final product was presented comprised undergraduates from the Faculty of Education Sciences of the University of Granada (Spain) in the first year of the Social Education degree and the second year of the Teaching degree, respectively. Both the questionnaire and the rubric were taken and adapted from Ref. [45].





4. Data Analysis


4.1. Researcher’s Diary


In this section of the investigation, a Strengths, Weaknesses, Opportunities and Threats (SWOT) analysis was carried out on the researcher’s diary entries. As Mc Dermott points out [46], it is not sufficient to assess the impressions included in the researcher’s diary; rather, it is necessary to systematize, through the SWOT analysis, the evaluation of the teaching–learning process that occurred, classifying and objectifying their assessments. To do this, each of the entries in the diary was divided into the ideas, impressions or descriptions of which it was composed, and each of them was assigned to one of the categories (Weaknesses, Threats, Strengths and Opportunities). The process for the treatment of said analysis was as follows [47,48,49]:




	
Comparison and graphic representation of the frequency of positive (strengths-opportunities, S-O) and negative (weaknesses-threats, W-T) statements in order to determine the general perception (positive or negative) of the teaching–learning process.



	
Comparison and graphic representation of the frequencies of the strengths against the weaknesses of each diary entry.



	
Inductive determination, from the entries in the researcher’s diary, of categories [43], grouping by similarity the weaknesses, threats, strengths and opportunities, obtaining the absolute frequencies in each one of them. A radial graph was subsequently generated to present this result.









4.2. Self-Assessment and Reflection Questionnaire


Once the student responses to the questionnaire were obtained, they were transcribed into a database and processed depending on the type of question. In the case of the first example, the number of students who knew the key question or project guide was simply counted, compared to those who did not (relative frequencies). For the second question, a scale of gradation of knowledge of the steps followed in the project was made as follows, obtaining the relative frequencies for each level of the scale: Excellent: details the steps of the project precisely; Satisfactory: lists most of the steps; Unsatisfactory: only specifies some disorderly steps; and Poor: does not specify the steps. For the remaining questions in the questionnaire, categories were obtained emergently, grouping the responses of the students to each question in the questionnaire by similarity [43]. The categories were formed when there were two or more assumable answers in the same category; otherwise, they were included in “others”. The number of responses per category was quantified, and the relative frequencies of the responses were calculated (which were tabulated), allowing for analysis in terms of satisfaction, deficiencies, improvements, etc.




4.3. Audience Opinion Questionnaire and Rubric


The responses were obtained and then transcribed into a database and processed as in the previous section using a qualitative interpretative methodology for grouping the open responses into emerging categories and with quantifiable elements. (relative frequencies), subsequently producing an analysis of them for each of the questions in the questionnaire [43]. Regarding the rubrics, the absolute and relative frequency of the assessment of each of the sections considered was determined.



In all three cases, the software used to process the data and to prepare the frequency tables and the generated graphs was Microsoft Excel 2016.





5. Results


In another study [44], we report other results obtained in the two educational interventions in terms of environmental awareness, lexical richness and abundance, and perception of the state of the environment.



5.1. Researcher’s Diary SWOT Analysis


Table 2 shows the absolute frequencies of each of the categories of the SWOT analysis implemented for each entry that was made in both years of intervention. In the first year, the number of strengths exceeded the number of weaknesses (37 versus 32); likewise, the opportunities and threats were balanced (8 in both cases). In the second year of the intervention, the number of strengths was again higher than the number of weaknesses (40 versus 37), while the opportunities presented a lower frequency (6) than the threats (10).



On the other hand, in Figure 2 and Figure 3, a greater weight is observed in the number of statements that are located in the upper part of the graph, which corresponds to the strengths, compared to the lower part, which corresponds to the weaknesses. This occurs in both interventions, although with a more positive trend for the first year of the implementation of the project.



The number of statements collected from the researcher’s diary with a positive connotation (strengths and opportunities) as opposed to those with a negative connotation (weaknesses and threats) were 45 and 40, respectively, in the first intervention (Table 3), with the sum of strengths and opportunities being slightly higher. In the second intervention, there were 46 (statements with a positive connotation) compared to 45 (negative connotation), giving a nearly balanced situation between the two (Figure 4 and Figure 5).



As for the process of categorizing the statements collected in the learning diary, Table 4 shows the different categories that emerged (12 in the first intervention and 10 in the second) and their frequency. The categories Information Search and Environmental Awareness did not appear in the second year. In the first intervention, Motivation, Performance and Attitude and Awareness stand out as strengths; weaknesses include Performance and Cooperative Groups; among the opportunities, rich socialization is noteworthy, whereas, among the threats, Time Management was the most frequent category. In the second intervention, the results are very similar except for the weaknesses, where Time Management stood out, and the threats, where ICT was prominent. These results can be easily seen visually in the radial graphs (Figure 6 and Figure 7).




5.2. Self-Assessment and Reflection Questionnaire


The total number of completed questionnaires was 26 in the first year and 31 in the second. Regarding the percentage of students who knew the driving question (“Is Granada a liveable city?”) of the project, in the first intervention it stood at 92% (24 of 26 students), while in the second year, the percentage was 47% (15 of 31 students).



Regarding the question of what steps had been followed in the project, more than 80% of the students in the first year of the intervention carried out an excellent or satisfactory description of the different steps implemented, with this percentage dropping to slightly over 30% in the second year (Table 5).



Table 6 shows the different categories obtained after processing the rest of the questions in the questionnaire; in some cases, the same answer could be considered in more than one category. These largely coincided in both intervention years, with slight adjustments. Furthermore, the absolute and relative frequencies by category are presented. Of the two most frequent categories of each issue, for all questions, at least one category coincides between both interventions, with questions where the coincidence amounts to 2 or 3 categories. It is considered that there is a high degree of similarity in the answers in both years of study.




5.3. Audience Opinion Questionnaire and Rubric


In the first year, 28 questionnaires and rubrics were collected, while in the second, there were 60. Table 7 shows both the categories obtained after processing the responses of the audience to the questionnaire, as well as the absolute and relative frequencies of each one in both interventions. The percentages were calculated based on the total responses obtained for each question (sometimes a response can be assimilated into more than one category). With the exception of the fourth question, the categories obtained in both years of study turn out to be quite similar. Of the two most frequent categories of each question, for all the questions, at least one category coincides between both interventions, with considerable agreement in the most frequent responses.



Regarding the rubric completed by the audience, Table 8 shows the frequencies (absolute and relative) per category in both interventions (percentages were calculated based on the total number of responses obtained for each question). As we have already mentioned, other results can be seen in [44]. The overall evaluation by the audience was significantly better in the first year of study compared to the second. This is evident in the generated comparative graphs of relative frequencies (Figure 8).





6. Discussion


If we go back to the objectives that led us to carry out the study, they sought to describe, as a case study, the functioning, performance, problems addressed, and didactic implications of PBL applied to the field of EE. On the other hand, this section should serve to provide recommendations for future implementations. After the analysis of the data collected through the three measuring instruments used, multiple conclusions have been drawn, reinforced by the triangulation of the data, by the replication in two interventions across consecutive academic years and by the support of previous studies with key contributions to the subject under study. In this sense, we can affirm that PBL was successfully implemented in both years of intervention, functioning and performing reasonably well, with numerous didactic implications, both positive and negative, detected. Likewise, there was a significant increase in the students’ levels of environmental awareness [10,38], as indicated in most of the studies previously quoted, thus demonstrating the effectiveness of this methodology in the field of EE.



Moreover, the results obtained show a better performance and functioning of PBL in the first year of the study, which may be due to the older age and/or the differences in the socio-cultural context of the two schools.



6.1. Researcher’s Diary SWOT Analysis


Although in the first year there was a slightly higher number of observations that were classified as Strengths or Advantages, the final balance between Strengths and Opportunities and Weaknesses and Threats was not decisive in any of the intervention years. Although many potentialities and positive effects were evident in its development, the fact that the students had never taken part in a project of this nature meant that there were also a considerable number of setbacks and difficulties in its implementation [21,28], which also resulted in serious disadvantages from the point of view of teaching [40,50], such as workload, noise level, management of cooperative groups and monitoring of students’ progress in their work, among others. As for the Motivation category, it was a very frequent strength in both years of intervention, and several studies suggest that PBL increases it among students [29,34,40,51,52]. In our study, this idea was demonstrated from the multiple comments made by the researcher in this regard in his diary, such as follows:


“[…] However, I see that their motivation is adequate, they constantly ask me questions, especially about the specific tasks to be carried out.”






“I must also comment that there are some students who during the first term were quite apathetic and unmotivated (traditional methodology) but now they have changed their attitude somewhat and their motivation has improved, which is evident in their active participation in their group and in their direct questions to the teacher”.







With visible motivation among the participating students, it is a logical consequence that there was good performance (Strength) in the development of the methodology under study; in many cases, these signs of good performance were related to novel and more stimulating tasks not usually carried out in the more conventional methodology [30] (Processing data or photographs, layout of posters, preparation of surveys, etc.). With regard to the Attitude/Participation category (Strength), it is clearly related to the previous ones, understanding that if the students were sufficiently motivated during the project, this facilitated an improvement in their attitude towards the tasks to be carried out and their participation and focus on them to increase [28]. In terms of the most frequent opportunities detected in the SWOT in both years of the intervention, the rich socialization category stands out among the others, understanding as such all the interactions that the students had with “actors” outside the educational center. This had a clear connection with the increased motivation of the students. Some references in this sense are as follows:


“At the end of the day they tell me about their experiences, the interaction with people when interviewing them has caught their attention.”






“Even at the end of it, some people from the audience went up to the stage to express their opinion spontaneously, which was quite positive for the students.”






In reference to the weaknesses, “Performance” was a negative aspect in both years of study, which is evident in some of the observations recorded in the researcher’s diary:






“In addition, I denote a lack of autonomy in many of the tasks that I entrust to them. I sincerely believe that it is due to the immaturity of the students and their lack of competence when it comes to facing real problems.”






“Performing the review of the portfolios, some students still have not done many of the tasks, despite the fact that it has been repeated and discussed several times individually and in groups.”







These references to situations in which low performance or lack of work is denoted may be due, among other reasons, to the complexity that the development of an ambitious project such as the one in this study can sometimes entail, such as a loss or lack of motivation on the part of students and work overload [21,40,53]. In addition, the category Cooperative groups refers to those difficulties that prevented better functioning within the groups, this fact being supported by previous studies [21,27] and evidenced in some of the researcher reflections:


“Students tend not to know how to work in a group, especially in the sense of not knowing how to distribute the work well.”






“Some students work considerably less within the group.”







One of the weaknesses in the second year of intervention was ICT, understood as a lack of competence among students in the use of different digital tools necessary for the project, materializing in the use of digital portfolios, spreadsheets or “the cloud”. This is a relevant fact since the methodology in question frequently requires a high level of competence in the use of ICT. Regarding threats, there were disparate results in the first and second years of the intervention. In the first year, the category Time management was especially prominent, which also turns out to be a recurring problem in PBL in other areas different from EE [54,55]. In the second year, the most frequent threat was the ICT category. In this case, it was due to the low quality and quantity of computing resources, such as computers or Internet connection. This complicated the future of the environmental project.




6.2. Self-Assessment and Reflection Questionnaire


The responses were more varied and comprehensive in the first year of intervention (grade 10), indicating a better functioning of the PBL. In fact, approximately 92% of the students in the first year (compared to 50% in the second year) remembered and identified the guiding question of the project, which is essential, especially when it is being initiated. This guiding question, along with the posed problem, serves as a reference throughout the project [45]. As mentioned earlier, this disparity may be due to the age differences among the students and/or the socio-cultural context of the educational institutions. The differences in the percentage of correctly indicating the main steps of the project (80% in the first year compared to 30% in the second year) support the aforementioned, with the level of awareness about the project’s development in the second year of study falling below desirable levels. This is an indication that the students’ performance within this methodology did not turn out to be optimal or could at least have been better. Regarding the third question in the questionnaire, particularly noteworthy was the More time to complete all the tasks category. These tasks refer to the various activities completed throughout the intervention. Many of the responses highlighted the need for tasks that involve interaction with others outside the classroom (rich socialization). This aspect is considered essential for the proper functioning of the PBL methodology [45,56], which aligns with the results of the SWOT analysis of the researcher’s diary in this regard. Some of the responses that have led us to think about this were:


“Perhaps we would need more days to go out and analyze the environmental situation and carry out surveys.”






“I would have repeated the visit to Granada. It was very good to know our city better and what happens to it.”






“In interacting with the population.”







Within the commented category, multiple references were also made to the lack of time provided to carry out certain tasks:


“I would have preferred to have had a little more time when preparing the presentation and to have done some improvement plan or diagnostic things in a different way, such as graphs.”






“The truth is that the only thing I would change would be to give a little more time to do the presentation.”







These approaches suggest that the problems concerning time management were already specified in the SWOT analysis and this fact is widely commented on in the existing bibliography [57,58,59,60], which is ambivalent because it is precisely an opportunity for students to learn to develop this competence [61]. Likewise, references in this third question to group work are frequent:


“The groups. There are people who have done absolutely nothing.”






“Group work should be done with people you get along with to feel comfortable.”







These difficulties with collaborative group work are referred to in previous research as problems to take into account in the development of the PBL methodology [62], thus constituting it as ideal for improving the capacity for collaboration and teamwork [63]. With respect to the fourth of the questions in the questionnaire, the response category In carrying out tasks for final products included all the mentions of the work phases leading to the elaboration of the final product that were the core of the project. This fact indicates that, despite the difficulties that the students might encounter in developing the project, they liked the methodology used in the EE framework [21,30]. Another frequent category of the fourth question was in conducting surveys, which once again confirms the didactic potential that “rich socialization” presents in the methodology in question [45,56]. In the fifth question, the categories Surveys in the street and The exposition at the Faculty stood out. Regarding the surveys, the students indicated in their questionnaires how pleasant and motivating this task was within the project. Furthermore, there were frequent references to the exposition of the final product at the Faculty:


“Go to the Faculty to present; It was a good experience.”






“In general, all the parts that have involved contact with people from outside the school environment and in which we have been able to report a little about our project.”






“The outings, especially for me, when we presented at the Faculty.”







On the other hand, the two commented categories suppose a development of the communication abilities of the students; this is a facet that is greatly enhanced within the PBL methodology [64,65]. In the sixth question, categories appear similar to those of previous questions, such as Teamwork. The students again make references to the unequal workload and effort of the different members [66]. Furthermore, the category Exposition at the Faculty was also frequent. This precisely indicates the need for students to work more on public presentations since it is a challenge for them. Some comments about it were:


“Having to present at the UGR. I was quite embarrassed.”






“The one to present, because I was scared to speak in front of so many people.”






“Time to make the exposition. It was a lot of fun, but I got really nervous.”







However, the most frequent category in this question was Carry out the tasks for the final product, understanding these as the different tasks necessary to achieve the final product. The students complained about the multiple activities they had to carry out, such as PowerPoint presentations, information searches, presentations, learning diary, etc. Finally, with respect to the seventh question, the Everything was correct category evidently predominated, it being understood that the students presented an acceptable level of satisfaction regarding the development of the project. Another of the categories that turned out to be frequent in both years of intervention was Explain the project better and guide the students more. Some of the responses were:


“He should have cared more about helping us with some things.”






“Guiding the students more, since there were times when I didn’t know what to do.”






“It could give us more indications of what would or would not be the right thing to do, although I know that it’s a way to encourage our creativity.”







The above comments are in line with previous studies, indicating that one of the problems with PBL is precisely that students sometimes feel lost or uncertain, which is inherent to active or “self-directed” methodologies. This fact implies that students learn to control the pace of learning and self-direct their own learning [28,63,67].




6.3. Audience Opinion Questionnaire and Rubric


These two tools proved to be useful for obtaining feedback from people outside the school on the outcome and presentation of the final product of the project in such a way as to serve as a comparison when triangulating the results obtained with the other data collection instruments of the study. In this sense, the evidence obtained shows considerable differences in the performance and functioning of the PBL methodology, being notably superior in the first year of intervention. The categories obtained after processing the instrument were not so homogeneous between the two years of study if we compare them with the researcher’s diary and the student questionnaires. With regard to the first question, two categories were the most repeated: To be aware of the pollution of the city of Granada and Granada province and to know the environmental situation of our province, making it clear that in both years of the intervention, there was a strong environmental message from the students to the audience, which is evidence of the good functioning of the methodology applied in addition to the increase in the level of environmental awareness among the participating students [25,26,29,31]. In the second question, the category The solutions and proposals for improvement provided stood out, again highlighting the success achieved with the project. The category Explanatory charts and slides was also noteworthy. PBL aims for students to develop higher-order cognitive processes, such as data collection, data processing, the production of graphs and the drawing of conclusions and proposals based thereon. This was evident in some of the audience’s comments in their questionnaires:


“The actual graphs that have been presented on noise, gas levels, etc.”






“Population surveys and data presentation.”






“The structure of the presentations has been very interesting in which, first, a problem has been raised, a topic to be investigated, they have analyzed it through surveys, samples, data collection and, finally, they have analyzed said data and have proposed improvements.”







As for the third of the questions in the questionnaire, in the first year of the study, the most frequent comments were ambivalent; on the one hand, the category Using more audiovisual media stood out, which is a criticism of the exposition, in contrast, It has been unbeatable, highlighting the work of the students, with comments such as:


“I think the cooperation between them is unbeatable; coordination and communication have been excellent.”






“Very interesting. Having little time and being in a pretty bad space, I think you have nothing to improve. Very good presentation.”







In the second year of the intervention, most of the responses from the audience were included in the category Management of nerves and appropriate tone of voice. There were many comments in this regard:


“Overall, the presentations have been very good, but in some cases, the students experienced lapses due to nerves. It could be improved by ensuring that the students are calmer.”






“In some cases, a bit more preparation for when the time to present comes and nerves come into play, using the appropriate tone of voice, and knowing how to search for strategies to avoid getting lost while presenting (reading from the slides).”







Finally, in question 4, the “Interesting. It’s been very good overall” category was reiterated, especially in the first year of study:


“All the groups have presented clearly, they have shown that they have a lot of management and fluency with the issue of environmental education. The tone has been correct and the topics covered are very interesting. Congratulations!”






“Organization, coordination, choosing the right aspects and points to present. It can be a heavy subject, but you have defended it adequately.”







However, in the second year, many other categories appeared with negative connotations regarding the presentation of the final product: Sometimes they give an image of insecurity or the errors due to the students’ age are understandable, and their courage in presenting is highly valued”. In any case, the fact that communicative competence is strongly developed in this methodology is reiterated [68].



Finally, it is necessary to refer to the completed rubrics. The audience’s assessment was positive in all aspects considered in the relevant rubric for both years. There is a similar behaviour in both years of intervention since the Speak properly and Specific vocabulary sections were less valued than the Presentation and Content sections. However, there were nuances depending on the intervention since those evaluations considered as excellent in all the sections of the rubric were much more frequent in the first year of intervention, this being especially notable in the facet of They speak properly.




6.4. Improvement Proposals for the Implementation of PBL


Once the results obtained have been presented and assessed, and the difficulties in the application of the PBL methodology by the participating students have materialized (such as time management, the functioning of collaborative groups, presentations and/or oral presentations, the lack of autonomy, work overload, loss of motivation or lack of competence in ICT), we understand that it is necessary to carry out some proposals aimed at solving these difficulties.



First of all, we believe that it is essential to provide students with clear guidelines and expectations for their participation in the PBL process, including the delimitation of their roles and responsibilities in cooperative groups. Likewise, it is favorable to design and structure the tasks in such a way that they provide support to the students with the necessary resources and gradually increase the complexity of the problems, laying the foundations for more autonomous learning. Furthermore, it is positive to encourage, through the use of learning diaries, students to reflect on their experiences during and after completing each task, evaluating their own learning process and facilitating their internalization. These diaries should be available to teachers, making it easier to monitor the learning process of students. In addition, it is convenient to ensure that the problems presented are authentic and relevant to the lives of the students, thus increasing their participation and motivation. To solve problems in cooperative groups, it is crucial to promote collaboration and teamwork skills, designing tasks or situations in which students must develop effective communication, problem-solving, and decision-making strategies. With regard to time management, tools such as agendas and calendars should be provided so that they can set goals, track tasks and allocate specific time to work on each one. Likewise, examples of experiences with previous projects can be presented to them so that they have a realistic idea of how much time they may need to complete all the tasks. Work overload, can be managed by making task lists and through the equitable assignment of work (supervised by a teacher). The problems with ICT can be mitigated, however, by adapting activities so that they require fewer technological resources or by providing tutorials, workshops or online learning resources that allow students to acquire the necessary skills to use ICT.




6.5. Limitations of the Study


The results of this study cannot be generalized due to the small sample size. Moreover, despite having been replicated in two educational centers in different contexts, it would be necessary to increase the number of contexts in which the study could be carried out in order to extrapolate the results of the research. Another factor to take into account is that a single teacher implemented the methodology in question in the two years of intervention, which is a fact that could lead to a bias in the functioning and results obtained (Rosenthal effect). Likewise, it is worth mentioning that the results of the study could have been further triangulated with tools such as personal interviews with the students participating in the project or with the analysis of the learning diaries completed by them. Such research efforts could not be undertaken within the scope of this investigation.



Nevertheless, and without detracting from the observations made in the previous paragraph, we believe that this study has opened the way for future research in the field of PBL and EE in the context of secondary education, yielding results and conclusions of relevance to be taken into account in future studies in this field. This section is not mandatory but may be added if there are patents resulting from the work reported in this manuscript.
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Figure 1. Conceptual map relating Problem-based Learning (PBL), Project Work (PW), Cooperative Project-Based Learning (CPBL), and Inquiry-Based Learning (IBL). 
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Figure 2. Number of strengths and weaknesses per entry in the researcher’s diary in first intervention. 
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Figure 3. Number of strengths and weaknesses per entry in the researcher’s diary in second intervention. 
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Figure 4. Set of positive versus negative statements collected in the researcher’s diary in first intervention. 
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Figure 5. Set of positive versus negative statements collected in the researcher’s diary in second intervention. 
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Figure 6. Radial graphs of frequency of appearance of the categories obtained in the SWOT analysis in first intervention. 
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Figure 7. Radial graphs of frequency of appearance of the categories obtained in the SWOT analysis in second intervention. 
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Figure 8. Comparative graph, between both interventions, of the relative frequencies of the assessments of each category of the rubric. 
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Table 1. Phases and duration of the interventions.
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	Phase
	Sessions





	Beginning event and problem presentation
	2



	Learning of concepts
	4



	Chat with experts (Council)
	1



	Urban environment diagnosis
	4



	Urban environment trip
	1 morning



	Chat with experts (Ecologists)
	1



	Processing of information and determination of environmental state
	2



	Solving the problem: Creation of urban environmental improvement plan.
	5



	Preparation of presentation for showing to audience
	4



	Showing of presentation
	1










 





Table 2. Absolute frequencies of the SWOT analysis in both interventions.
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First Intervention

	
Second Intervention




	
Entries

	
S

	
W

	
O

	
T

	
Entries

	
S

	
W

	
O

	
T






	
16

	
37

	
32

	
8

	
8

	
21

	
40

	
37

	
6

	
10











 





Table 3. Total positive and negative statements (absolute and relative frequency) and overall perception of the SWOT analysis in both interventions.
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Intervention

	

	
Negative Statements

	
Positive Statements

	




	

	
Entries

	
Weaknesses

	
Threats

	
Total

	
Strengths

	
Opportunities

	
Total

	
Perception






	
1st year

	
16

	
32

	
8

	
40/0.47

	
37

	
8

	
45/0.53

	
Positive




	
2nd year

	
21

	
37

	
10

	
47/0.51

	
40

	
6

	
46/0.49

	
Balanced











 





Table 4. Results of the categorization and frequency of the entries in the researcher’s diary in both years of intervention.
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First Intervention

	
Second Intervention




	
Category

	
S

	
W

	
O

	
T

	
S

	
W

	
O

	
T






	
Motivation

	
7

	
1

	
0

	
0

	
9

	
0

	
0

	
0




	
PBL Knowledge

	
0

	
3

	
0

	
0

	
1

	
4

	
0

	
0




	
Performance

	
7

	
6

	
0

	
0

	
8

	
8

	
0

	
1




	
Work

	
5

	
3

	
0

	
0

	
6

	
3

	
0

	
1




	
Attitude

	
9

	
4

	
0

	
0

	
10

	
2

	
0

	
1




	
ICT

	
1

	
2

	
0

	
2

	
1

	
6

	
0

	
4




	
Presentation

	
3

	
2

	
1

	
1

	
2

	
4

	
0

	
0




	
Collaborative groups

	
2

	
5

	
0

	
0

	
2

	
6

	
0

	
2




	
Rich socialization

	
0

	
3

	
5

	
1

	
1

	
0

	
6

	
1




	
Time management

	
1

	
2

	
0

	
3

	
0

	
4

	
0

	
0




	
Environmental awareness

	
1

	
1

	
1

	
1

	

	

	

	




	
Information search

	
1

	
0

	
1

	
0

	

	

	

	











 





Table 5. Degree of precision (absolute and relative frequency) in the description by the students of the different parts of the project in both interventions.
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1st Intervention

	
2nd Intervention




	
Descriptor

	
N

	
%

	
N

	
%






	
Excellent: details the steps of the project precisely

	
10

	
38

	
1

	
3




	
Satisfactory: lists most of the steps

	
12

	
46

	
9

	
29




	
Unsatisfactory: only specifies some disorderly steps

	
4

	
15

	
14

	
45




	
Poor: does not specify the steps

	
0

	
0

	
7

	
23











 





Table 6. Categories, absolute and relative frequencies obtained after processing the responses to the questionnaire by the students in both interventions.
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1st Intervention

	
2nd Intervention




	
Question

	
Category

	
N

	
%

	
N

	
%






	
What was the most important thing you learned from this project?

	
Detect and be aware of environmental problems

	
20

	
64

	
20

	
53




	
Ecology

	
5

	
16

	
12

	
32




	
Teamwork

	
3

	
10

	
4

	
10




	
Lose stage fright

	
2

	
6

	
2

	
5




	
Others

	
1

	
3

	
-

	
-




	
What would you have liked to spend more time on or what would you have done differently?

	
Make more observations (in situ)

	
3

	
11

	
7

	
21




	
More time to take surveys

	
3

	
11

	
6

	
18




	
More time to complete all the tasks

	
14

	
50

	
11

	
32




	
In nothing. It was right

	
-

	
-

	
5

	
15




	
Another way of making improvement and diagnosis plans

	
6

	
20

	
-

	
-




	
Others

	
2

	
7

	
5

	
15




	
What part did you work on best?

	
In data processing

	
2

	
6

	
6

	
16




	
In search of information

	
4

	
13

	
3

	
8




	
In the preparation of the presentation and/or exposition

	
3

	
10

	
4

	
11




	
In conducting surveys

	
2

	
6

	
11

	
30




	
In carrying out tasks for final products

	
20

	
64

	
8

	
22




	
In the taking of samples and measurements

	
-

	
-

	
4

	
11




	
Others

	
-

	
-

	
1

	
3




	
What was the most enjoyable part of this project?

	
Make people aware of environmental problems

	
2

	
6

	
-

	
-




	
Team work

	
2

	
6

	
5

	
13




	
The excursion to the river

	
-

	
-

	
5

	
13




	
The exposition at the Faculty

	
9

	
26

	
10

	
26




	
Preparing for the presentation

	
2

	
6

	
-

	
-




	
Carrying out the diagnosis

	
3

	
9

	
-

	
-




	
Carrying out the improvement plan

	
2

	
6

	
-

	
-




	
The measurement of environmental parameters

	
4

	
12

	
7

	
18




	
Surveys in the Street

	
9

	
26

	
10

	
26




	
Others

	
1

	
3

	
2

	
5




	
What was the part you liked the least?

	
Team work

	
2

	
7

	
5

	
16




	
The apathy of the population with the survey

	
2

	
7

	
-

	
-




	
Exposition at the Faculty

	
3

	
11

	
9

	
29




	
Nothing

	
3

	
11

	
4

	
13




	
Make the video for the exposition

	
4

	
14

	
-

	
-




	
Carry out the tasks for the final product

	
11

	
40

	
6

	
19




	
Searching for information on the internet

	
-

	
-

	
2

	
6




	
Others

	
3

	
11

	
5

	
16




	
How should your teacher modify this project to make it better next time?

	
Spend more time

	
4

	
13

	
-

	
-




	
Everything was correct

	
7

	
23

	
16

	
44




	
Explain the project better and guide the students more

	
5

	
16

	
3

	
8




	
Make groups smaller and more homogeneous

	
3

	
10

	
-

	
-




	
Do more practices and excursions

	
2

	
7

	
2

	
6




	
Allow students to make groups

	
-

	
-

	
11

	
31




	
Do more practices for the presentations

	
2

	
7

	
-

	
-




	
Give more value to individual effort

	
3

	
10

	
-

	
-




	
Others

	
4

	
13

	
4

	
11











 





Table 7. Categories, absolute and relative frequencies obtained after processing the responses to the questionnaire completed by the audience in both interventions.
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1st Intervention

	
2nd Intervention




	
Question

	
Category

	
N

	
%

	
N

	
%






	
What did you learn from this presentation, or what did it make you think about?

	
To be aware of the pollution of the city of Granada and Granada province

	
14

	
38

	
26

	
37




	
To know the environmental situation of our province

	
9

	
24

	
27

	
38




	
In which there is to collaborate actively, changing attitude in my daily actions

	
5

	
13

	
5

	
7




	
That solutions and environmental improvement plans must be provided

	
4

	
11

	
9

	
13




	
Others

	
5

	
13

	
3

	
4




	
What were the strengths of this presentation?

	
Explanatory charts and slides

	
8

	
20

	
14

	
16




	
Everything

	
3

	
7

	
-

	
-




	
The appropriate vocabulary for the topics presented

	
3

	
7

	
-

	
-




	
Clear and well-structured messages

	
6

	
15

	
6

	
7




	
The various types and causes of pollution detected

	
-

	
-

	
28

	
32




	
The solutions and proposals for improvement provided

	
9

	
22

	
15

	
17




	
The good organization

	
-

	
-

	
3

	
3




	
Preparatory work for the presentation

	
3

	
7

	
5

	
6




	
Confidence and completeness in the presentation

	
5

	
12

	
5

	
6




	
The message of environmental awareness transmitted

	
-

	
-

	
5

	
6




	
The end game with mobile

	
-

	
-

	
4

	
5




	
Others

	
3

	
7

	
1

	
1




	
How could this presentation be improved?

	
Implementing more dynamics

	
5

	
14

	
3

	
4




	
Using more audiovisual media

	
9

	
25

	
-

	
-




	
Management of nerves, appropriate tone of voice.

	
7

	
19

	
38

	
53




	
Preparing presentations better

	
-

	
-

	
7

	
10




	
Contributing more experiences and less memorization

	
2

	
5

	
6

	
8




	
Explaining more technical terminologies

	
-

	
-

	
4

	
6




	
It has been unbeatable

	
5

	
14

	
7

	
10




	
Using classrooms in better conditions

	
4

	
11

	
-

	
-




	
Others

	
4

	
11

	
6

	
8




	
Any other comments about this presentation?

	
Interesting. It’s been very good overall

	
19

	
70

	
36

	
60




	
They have known how to defend the issues exposed very well

	
5

	
18

	
5

	
8




	
Good organization, coordination and involvement

	
-

	
-

	
2

	
3




	
Sometimes they give an image of insecurity

	
-

	
-

	
3

	
5




	
Some students have not respected their classmates while presenting

	
-

	
-

	
3

	
5




	
The errors due to the students’ age are understandable, and their courage in presenting is highly valued.

	
-

	
-

	
11

	
18




	
Denotes good previous work

	
-

	
-

	
2

	
3




	
Others

	
3

	
11

	
9

	
15











 





Table 8. Absolute frequencies (N) and relative frequencies (percentages) per category and rating level in both years of study.
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Speak Properly

	
Specific Vocabulary

	
Presentation

	
Content




	

	
1st Year

	
2nd Year

	
1st Year

	
2nd Year

	
1st Year

	
2nd Year

	
1st Year

	
2nd Year




	
Assessment

	
N

	
%

	
N

	
%

	
N

	
%

	
N

	
%

	
N

	
%

	
N

	
%

	
N

	
%

	
N

	
%






	
Exceptional

	
19

	
73.1

	
2

	
3.3

	
16

	
61.5

	
14

	
23.3

	
24

	
92.3

	
37

	
61.6

	
22

	
84.6

	
30

	
50




	
Notable

	
7

	
26.9

	
34

	
56.7

	
8

	
30.7

	
32

	
53.3

	
2

	
7.7

	
22

	
36.7

	
4

	
15.4

	
30

	
50




	
Acceptable

	
0

	
0

	
20

	
33.3

	
2

	
7.7

	
14

	
23.3

	
0

	
0

	
1

	
1.7

	
0

	
0

	
0

	
0




	
Pending

	
0

	
0

	
4

	
6.7

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0
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