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Abstract

:

The aim of this research was to develop the sustainability competencies of preservice chemistry teachers’ through the use of a project-based learning model. Preservice chemistry teachers were engaged in a summer course program in collaboration with national and international universities. The summer course program was conducted online due to the COVID-19 pandemic. The research involved 26 preservice chemistry teachers from a pedagogical university in Jakarta, Indonesia, which joined with other university students from other universities in Indonesia, America, Thailand, and Malaysia. We used a qualitative methodology. Data were collected through interviews, questionnaires, observations, preservice chemistry teachers’ portfolios, and reflective journals. The data were coded into themes and interpreted to reveal that all students engaged successfully in developing their sustainability perspectives, environmental awareness, project development engagement, communication, and collaboration skills. Meanwhile, the preservice chemistry teachers engaged in developing their project in an online summer course program within the framework of sustainability.
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1. Introduction


In the current era of globalization, there is a heightened demand for student teachers to demonstrate 21st-century skills and environmental insights to foster a sense of responsibility towards the environment. Education for Sustainable Development (ESD) is a toolkit, developed by UNESCO, that can be used to increase environmental awareness. The ESD toolkit uses three pillars [1] to guide students to take responsibility and make decisions related to environmental, economic, and social problems [2]. Sustainable development is described as development that meets the needs of the present without compromising the future generation’s ability to meet their own needs. ESD means creating and living a human life on Earth in a way that does not damage life, but that preserves its various life forms for the future—not only for future human life [3]. The purpose of ESD is to promote education as a crucial tool in preparing today’s generation to become responsible citizens so that future generations can continue to shape a sustainable society.



The principle of sustainable development focuses at the same time on human livings today and in the future. Sustainable development is both a world view and a method of solving worldwide problems that emphasizes three dimensions: economic, social, and environmental [4], and distinguishes two approaches: analytical and ethical [3]. Sachs said that “Sustainability development is both a way of looking at the world, with a focus on the interlinkages of economic, social, and environmental change, and a way of describing our shared aspiration for a decent life, combining economic development, social inclusion, and environmental sustainability. It is in short both an analytical theory and a ‘normative’ or ethical framework” [4]. The evaluation of the impact of the Decade of ESD, that ESD was increased but a few states could report full implementation across education systems, as well as across policies and planning. However, the educational effort has not been radical enough to address the most urgent problem of time [5,6,7]. There is obviously still much to accomplish and many challenges to face [8] to improve ESD implementation.



All levels and domains involved in education, including chemistry education, can contribute to ESD [9]. Chemistry education can play an important role in promoting sustainable development. A practice known as green chemistry provides guidance in applying more sustainable chemistry practices to environmental issues [10]. Many areas of business have chosen to implement a green chemistry approach even though they are not compelled to. However, education is needed to build a society that is knowledgeable and concerned about negative media reports relating to social–science issues [11]. Future chemistry teachers must become more skilled at actively participating in public debates about chemistry and technology. They have a role to play in formulating social decisions towards a sustainable future and in changing societies’ attitudes and behaviors towards a sustainable lifestyle.



The implementation of ESD-based pedagogy in schools remains limited in the face of more content and practice-based chemistry education designed to meet the demands of competence in a content-intensive curriculum. It is not enough to simply overlay environmental and basic chemistry issues related to sustainability onto the content and context of current chemistry curricula. ESD requires the application of a skills-oriented teaching paradigm to promote ESD practices, which is more than just education about sustainable development [12]. Therefore, a socio-scientific-based curriculum, specifically focused on sustainability issues, needs to be developed [13]. Chemistry education does not always describe the social and economic dimensions of sustainable development sufficiently, so making changes to the orientation of ESD is necessary [14,15].



Chemistry education should feature prominently in ESD due to the role played by chemistry and the chemical industry in everyday life [16,17]. Chemistry education students are expected to develop an understanding of the role of chemistry in society and be able to evaluate how chemistry can contribute to community sustainability and support the management of natural resources [9,18]. For decades, teachers have been cited as key agents in the sustainability process [19]. Analysts have asked for a stronger emphasis on teacher education to prepare them for this important task. Yet, most teachers still lack this respect [20,21,22,23,24].



Teachers’ and students’ knowledge of ESD was vaguely informed in the theoretical sense, and only a few of them possessed any clear theory-supported concept of either sustainability or ESD [25]. Education settings need to become more proactive in sustainability, and to make that happen, ESD needs to be a core concept in teacher education, and its implementation must be obvious in policy, campus practice, research, teaching, and learning [3], especially for preservice chemistry teachers. According to [26], teachers are the most important factor in education reform. What teachers think, believe, and know will affect their teaching. For this reason, the development of teacher competencies is an essential key to successfully growing the value of ESD in learning.



Knowledge about ESD is an essential element of 21st-century learning; therefore, it is crucial that preservice teachers understand how to implement it in schools throughout the learning process. The contribution of chemistry education to support ESD includes developing prospective chemistry teachers’ understanding and their ability to apply appropriate pedagogies. Personal, social, and professional competencies are required for a paradigm shift, where knowledge about ESD is integrated and reflected in the preservice teachers’ approach to chemistry education in a way that instills the value of sustainability into their students as early as possible. Burmeister at [16] present four strategies for implementing sustainable development issues in the field of chemical education by (1) applying green chemistry principles to practicum, (2) adding sustainability strategies as content in chemical education, (3) including socio-scientific issues and controversies in teaching, and (4) using chemical education as part of ESD-driven school development.



Successful 21st century learning demands competencies in critical thinking, collaboration, communication, and creativity. In order to achieve these competencies, students must be provided with a supportive process that values student-centered, active, and collaborative learning. Project-based learning (PjBL) is one example of a student-centered model where students learn to build their own learning experiences independently [27]. Learning is focused on solving challenging problems through a series of complex tasks which involve students investigating essential ideas, designing, solving problems, and making decisions by working independently and collaboratively to create realistic products or presentations. The PjBL process involves students using creative and critical thinking skills, developing opinions, and drawing conclusions [28].



In this study, 26 preservice chemistry teachers from a pedagogical university in Jakarta were engaged in a summer course to improve their understanding of sustainability project-based learning. The summer course involved students from other universities in Indonesia, America, Thailand, and Malaysia. Students worked on projects oriented to issues of sustainable development. The study was expected to develop preservice chemistry teachers’ competencies through a sustainable-development-project-based learning model. The study created a competency development model for chemistry teacher candidates through project-based learning oriented towards sustainable development.




2. Materials and Methods


2.1. Research Design


A qualitative research method, adopted from [29], which defines a case study as “an in-depth exploration of a bound system such as an activity, event, process or individual’’, was used in the study. An interpretivist paradigm was used to produce descriptions and explanations about the participants’ engagement throughout the program. Multiple data-collection strategies, such as observations during learning activities, interviews, reflective journals, documenting assigned tasks, video, photos, and observation sheets, were employed to explore the participants’ engagement.



The participants in this research were preservice teachers who studied in a pedagogical university in Jakarta. A non-probability sampling strategy or criterion-sampling method was applied to measure their willingness to participate in this research. The study group consisted of 26 female undergraduate and master chemistry education students. No male students participated in the research project, which supports the literature that attracting men into the teaching profession is a real challenge. The subjects participated voluntarily in this study, and their identity was kept confidential. Descriptive information about the study group is presented in Table 1.



The research was conducted online due to COVID-19 restrictions imposed in December 2019. The lessons and materials were delivered through a range of online platforms, such as ZOOM, WhatsApp, Google Classroom, and YouTube. The summer course program ran from 5 October 2020, until 14 November 2020. The research was conducted in three stages: a preliminary stage, a research implementation stage, and a final stage. The research flow is shown in Figure 1.



At the preliminary stage, two types of questionnaires were used to determine the participants’ prior knowledge of ESD concepts and Project-Based Learning (PjBL). The course program followed an inquiry process where a driving question challenged students to find solutions, create a product with sustainable value, receive feedback from the teacher, and use it to revise their solution to present at the end of the course. The learning process began with a presentation of sustainable development material in general before focusing on a more detailed explanation of sustainable development in the agro-industry. Input from practitioners or entrepreneurs in the coffee, chocolate, and tea industry provided students with information regarding the sustainability of the agriculture industry (agro-industry). Virtual visits to coffee plantations provided the participants with a realistic feel for the atmosphere and conditions that occur in the agro-industry sector. The series of activities at this stage of the process enabled the participants to develop projects using agro-industry products that integrate with sustainable agro-industry business ideas. The participants worked collaboratively to develop the project over a two-week period. They elaborated on one or more lessons in detail, prepared relevant resources and materials, and carried out key parts of the project assignment to serve as a model for their peers. The activity was presented to the whole group and was followed by a discussion in a 2x2 hourly session. Both presentations were peer- and supervisor-rated.



Based on the first and second stages, the process was summarized during the final phase into a project plan to be included in a competition called the Festival of Agroindustry. The project plans were also presented at the end of the program to show appreciation for the best projects selected by the Summer Course Program Assessment Team. At the end of the program, an evaluation form was provided to all participants regarding the process, development, and results obtained by them during the online summer course program. Semi-structured interviews were conducted to determine participants’ views regarding the program in more detail by providing several open-ended questions and additional questions to obtain in-depth answers. Reflective journals using guiding questions were also completed by the participants.




2.2. Online Summer Course Program


Online Summer Course program activities were held by a university in Indonesia collaborating with several national and international universities from America, Indonesia, Thailand, and Malaysia. The total participants were 75 students with 27 preservice chemistry teachers who joined the research. This program offered online classes and virtual field trips with the theme of sustainable development. The lecturers came from numerous universities and experts from the Indonesian enterpreneur and Research Institute.



The program was designed to provide students with the knowledge and ability to design a sustainable rural agro-industry chemistry project. Students would learn about the development of sustainable agro-industry products and processes, which add value to local commodities and support the rural agro-industry. The program teaches students sustainability concepts, engineering, and the business aspects of a sustainable agro-industry.



The research program was initially planned for delivery in a face-to-face learning environment; however, because of the pandemic, the intended participants, lecturers, and other stakeholders were unable to travel to Indonesia. The materials, assignments, and activities were, therefore, successfully adapted for delivery and administration online.



The program was designed to provide students with knowledge of sustainable development by integrating chemistry, industry, environment, and management processes. Students learned from hands-on experience and practice about product development and processes aimed at adding value to an environmentally friendly product, system, and management. Students were challenged to use design thinking and to apply it to the field of chemistry. The research team assessed the preservice teachers’ competencies during and after the program.




2.3. Data Collection and Analysis


Data were obtained using a questionnaire, an observations sheet, an interview, a reflective journal, and an evaluation questionnaire.



2.3.1. Questionnaire


Questionnaires are useful for measuring observed natural or social phenomena. The natural or social phenomenon in question is a variable in a study. The questionnaire used in this research was self-administered online at the beginning of the study and before providing the program material to obtain the participants’ perceptions and interest in learning ESD-based PjBL. The instrument was compiled based on the PjBL and ESD grids, each with its own criteria for ESD understanding, ESD and chemistry relations, PjBL in teaching chemistry, and PjBL understanding. The instrument used a Likert scale with “Very agree” to “Not agree” statements with a scale from 1 to 5. The questionnaire results were analyzed by counting the value of the questionnaire and distributing the value into “low”, “middle”, or ”high” levels of understanding and interest in ESD and PjBL.




2.3.2. Semi-Structured Interview


To complete data collection, a semi-structured interview was used to elicit students’ ideas and views on ESD, the online summer course, project development, and a multicultural environment. All interviews were recorded, and the results were fully transcribed by the researcher with a focus on the participants’ engagement through the program. The following are examples of questions posed in the interview about ESD, online summer course, project development, and multicultural environment: “What do you think about ESD?”; “What impressions did you feel in the project planning process?”; “How about working, discussing, and collaborating with people you just met?”




2.3.3. Reflective Journal


A reflective journal was introduced in the middle of the program and at the end to capture the participants’ reflections on the challenges they faced and their level of engagement during the learning process. One example of a prompt in the reflective journal was “write down your reflection in order to develop your understanding about sustainability relation with chemistry after joining this program”.




2.3.4. Observations


Observations are useful for gaining a deeper understanding of the learning process and the participants’ achievements. Observations were conducted throughout the summer course program with supporting documentation obtained from interviews, video presentations, photos, a themed schedule, and the participants’ task assignments.



A qualitative data-analysis technique, including data reduction, data display, and conclusion drawing/verification, was used in this study [31]. The participants’ engagement during the program implementation was analyzed from data collected by observations, reflective journals, interviews, and task assignment portfolios.



The findings, based on the research questions, were displayed and verified for validity and trustworthiness by using credibility techniques such as prolonged engagement, persistent observation, progressive subjectivity, and member checking [32].






3. Results and Discussion


This section reports the project-based learning descriptions, prior knowledge of students upon the project, perceptions on the online summer course, and impacts on preservice chemistry teachers. The impacts of preservice chemistry teachers are analyses based on thematic analysis of data from data collections in response to the research question: Can a Preservice Chemistry Teachers’ Engagement with Sustainability Education improve Through an Online, Project-Based Learning Summer Course Program?



Thematic analysis of the impacts of preservice chemistry teachers indicates that there are four aspects, which are sustainability perspectives, environmental awareness, project development engagement, and communication and collaboration.



3.1. Project-Based Learning Descriptions


PjBL learning was applied in stages throughout the research project guided by experts on how to use a structured thinking pattern to come up with an idea to develop into a project or business plan, how to manage an idea, and create an innovative solution. An important part of this research focused on how prospective chemistry teachers could develop sustainable projects to develop students’ skills. The project development or “mini project” created new approaches to agro-industry products based on sustainability. During the initial stage of developing an idea, the participants were asked to prepare a project plan (project charter) using design thinking to serve as a guide for developing their project.



During the following stage, the participants were asked to review their project charter to include desirable, feasible, and viable aspects of sustainability [33]. One of the project groups reported that their project was desirable because the project would reduce waste and generate alternative income for farmers. They claimed their project was feasible because of the continuous availability of raw materials and the antioxidant content in organic compounds. They considered that the product would benefit the health of users. This step confirmed how confident the students were about their project proposal (see Figure 2).



The participants developed many project plans through the program, including one called COHUMA (Coffee Hush Mask). The group created an innovative face mask made from coffee husks to reduce acne-causing bacteria, disguise black spots, and provide an anti-aging effect on the face. In addition to using coffee husks as the main ingredient and to maximize the performance of the mask, the participants added vitamin E to moisturize, soften, and brighten the facial skin and to fade acne scars. The product design can be seen in Figure 3 and the instructions for use can be seen in Figure 4.



As shown in Figure 4, the chemical concept that students explored in this project was the antioxidant value of coffee, which has the effect of reducing compounds, scavenging radical compounds, binding prooxidant metal ions, and inhibiting the formation of singlet oxygen. The project demonstrates the integration of chemical concepts with economic potential that contributes to reducing environmental impacts.



The picture below (see Figure 5) is one of the presentation documents the participant group provided to show their project development at the end of the summer course program.



After the program had run for two weeks, the participants were asked to complete a reflective journal. Reflective journals are a useful student-centered activity that provides opportunities for self-education. Journals can provide inspiration and motivation to students who use them purposefully to reflect on past experiences that were successful or meaningful for them, thus increasing their desire to continue learning [34].



The reflective journals were analyzed by coding the participants’ responses to sustainability, project-based learning models, multicultural-environment-based learning, and online-based learning. The concept of ESD is in line with the idea of chemical education by Holbrook and Rannikmae in [2], which includes a shift from merely learning chemistry knowledge to developing skills.



The ESD process encouraged students to develop high-level cognitive skills through decision making, solving problems, taking responsibility, and evaluating their thinking during chemistry lessons. As shown in Figure 3, participants reported that their knowledge and awareness of sustainability improved, as did their problem solving, critical and creative thinking, communication, and high-order thinking skills (HoTS).



Various activities of the online summer course program were documented, as shown in Figure 6 and Figure 7 below.




3.2. Prior Knowledge of ESD and PjBL


Before starting the summer course program, a more detailed picture of the participants’ knowledge of chemistry, ESD, and PjBL, and how interested they were in participating in the competency development program, was created through the use of a questionnaire. A second questionnaire applied at the end of the program revealed whether the participants were fully engaged in the program or not.



The first questionnaire asked about (1) knowledge about ESD; (2) ESD in life; (3) relevance of ESD with chemistry; (4) relevance of ESD with chemistry education; (5) hope after learning ESD; (6) interest in learning ESD. The researchers considered these points important to determine preservice teachers’ engagement in this program.



According to data analysis obtained from the first questionnaire, the participants’ knowledge about ESD fell at the middle level (73.96%), while their interest in learning ESD was high (82.29%) (see Figure 8). The graph below shows that knowledge and integrated ESD in life scores at the middle level, while ESD relevance with chemistry, the participants hope in ESD, and ESD relevance with chemistry education score high, indicating that the participants were highly motivated to learn ESD at the beginning of the program.



In-depth interviews revealed that students’ knowledge of sustainable development (SD) prior to participating in ESD-based PjBL learning was only related to the chemistry field. One of the participants said that:




“Before, I was not very aware of sustainability, especially in the field of agro-industry. This program increased my knowledge about SD in the agro-industry field. I never thought that sustainability was also carried out in other fields besides chemistry.”



(Participants 1 (P1), Interview 20 November 2020)





The interviews revealed that students did not know that the agro-industry can also contribute to developing SD values or that SD is a multidisciplinary field in which every field of science can be developed based on the socioeconomic–environmental principles of SD and other complex, interrelated aspects [3]. Sleurs at [35] suggests that “ if the teacher has the intention to take the issue of sustainable development seriously they will also link the issue to the economic, social, cultural and political aspects’’, then sustainable education in the field of chemistry, for example, must be interrelated with other disciplines if sustainable values are to be developed.



According to the questionnaire data, the participants considered ESD relevant if integrated into the chemistry curriculum. The motivation for chemistry teacher candidates to join the program scored a high of 84.03%, as indicated by the following interview transcript.




“I think as a prospective chemistry teacher it is important to study SD because studying chemistry has something to do with the environment, so the students can use chemical concepts to solve problems in the surrounding environment”



(P3, interviewed 22 November 2020)





The participants could see that SD is necessary and useful to study and apply in chemistry learning, which motivated them to join the program even though the material was not fully relevant to the chemistry field. Through project-based learning, ESD can be included as a discussion theme, or students can work on projects oriented to the principles of ESD. Research shows that a project-based learning model can improve students’ science process skills [36,37,38]. Participants’ responses on knowledge of PjBL can be seen in Figure 9 below.



The results of the PjBL questionnaire (see Figure 3) indicate that the participants were knowledgeable about PjBL (92%), PjBL motivated learning, participants understood the relationship to chemistry, and PjBL encouraged students to learn actively. On average, the preservice chemistry teachers were very familiar with the PjBL model. It has positive impacts as project-based learning develops students’ critical-thinking skills more effectively than conventional learning models [39], develops students’ 21st-century skills, and develops teachers’ professional abilities in learning and assessing 21st-century skills [40]. Research conducted by Devkota et. al., [41] claims that implementing project-based learning can increase learning motivation and student engagement and change students‘attitudes from passive to active learners.




3.3. Online Summer Course


The use of online learning systems has become necessary because of the COVID-19 pandemic dominating headlines since December 2019. School closures in over 180 countries have laid bare inequalities in education, deficiencies in remote learning, the cost of a digital divide, and have revealed the important role schools play in students’ health and well-being [42]. UN Secretary-General Antonio Guterres has called upon governments to “build back better” after the current crisis by creating more sustainable, resilient, and inclusive societies. This must include education, as societies cannot transform if what we learn and how we learn it maintains the status quo.



ESD empowers learners of all ages to change their thinking and to work toward a sustainable future by addressing environmental integrity and economic viability and demonstrating how to work towards a more just society. ESD requires a reassessment of how education can form critically minded, empathetic students who can work together to solve problems and act on present and future local and global emergencies [42].



While studying online was not new for the students, they were, nevertheless, confronted by problems related to poor connectivity that made understanding the material presented during online classes difficult. Despite the challenges, students reported feeling enthusiastic about joining the class because they gained new insights, developed collaborative skills, and increased the scope of friendships, as demonstrated by a student’s response below.




”It’s interesting because you can be in groups even through ZOOM apps, do assignments at the GCR, have group discussions with the Whatsapp group, and maybe the network that has the most problems with climate or weather changes in Indonesia can determine a provider network. The quota that sometimes runs out is also a problem in implementing this online class. Overall, it is fun but sometimes a little boring if we have just paid attention for three hours. Maybe offline is more fun."



(P7, Interviewed 22 November 2020.)





The online summer course brought opportunities to the class that were different from those gained by face-to-face teaching. With the pandemic still underway, governments around the world must continue to reassess learning systems to improve education alongside the economy and to fight environmental problems with strategies such as ESD.



ESD can prepare students to learn effectively in complex situations to promote sustainable development. By using ESD as a roadmap for future education, teachers can strengthen their students’ capabilities to tackle multiple challenges. The commitment to ESD must include learning for all learners in all contexts, regardless of gender, location, socioeconomic status, or access to technology. The online summer course provided participants with an opportunity to engage deeply with ESD principles at a time when the world was in crisis.




3.4. Impact on Preservice Chemistry Teachers


The impact on preservice chemistry teachers is found within four themes of sustainability perspectives, environmental awareness, project development engagement, and communication and collaboration, as explored below.



3.4.1. Sustainability Perspectives


ESD-based learning is expected to develop student competencies in knowledge, behavior, and attitude, which are collectively referred to as sustainable competence [43]. Sustainable competence relates to cognitive components such as knowledge and understanding related to environmental, social, economic, political systems, and higher-order thinking skills such as reasoning and synthesis, as well as social abilities, values, and emotions, also known as the affective domain.



The preservice chemistry teachers’ competencies that emerged during and after the summer course program described values, beliefs, and judgements, as recorded in the excerpts below:



The summer course program identified that the participants’ changed their mindset from being unconscious about the importance of sustainability to becoming more aware that applying sustainability to other fields is essential. This finding is shown by the participants concerned about the sustainability value of a product, as confirmed by the reflective journal and in-depth interview transcript below.




“One of the main things I learned was about the awareness of the importance of sustainability aspects in the production and development of a product….”



(Reflective Journal P2, 19 October 2020)






“Sustainability is very good for human life.”



(Reflective Journal P2, 19 October 2020.)






“After carrying out this summer course program, I have a new understanding of sustainable development, especially in the agricultural sector.”



(Reflective Journal P11, 19 October 2020)






“I understand sustainability better, so I can be wiser in doing everything by minimizing things that are detrimental to the Earth.”



(P2, Interviewed 22 November 2020)





The excerpts reveal that preservice chemistry teachers developed their awareness of sustainability through the program (the importance of sustainability; new understanding), found the value of using sustainability in life (very good for human life), and allowed them to be more concerned about ESD issues (the production and development of a product). ESD reassesses what we learn, where we learn, and how we learn. It develops the knowledge, skills, values, and attitudes that enable learners to make informed decisions and take action to solve global problems [42], such as in the agro-industry, which was a focus of this program. The program increased the preservice teachers’ awareness of sustainable development by providing them with new experiences.




3.4.2. Environmental Awareness


In addition to raising sustainability awareness, the participants reported an increased awareness of their role in protecting the environment (minimizing the negative impact on the environment) by reviewing the product production process at maximum output to measure whether the impact on the environment was maintained because the process operated as a necessity. The participants’ awareness grew by having to maintain, protect, and not contribute to damage (reducing environmental damage; more environmentally friendly; bad for the environment) as shown in the participants’ reflective journal and in-depth interview responses. A UNESCO statement [42] states that “ESD can help us understand the global nature of today’s challenges, it provides us with a concrete solution for the local living environment”. The principles of ESD issued by the United Nations can be used to develop an environmentally sound chemistry education that fosters and equips students with environmental attitudes, knowledge, and awareness [44]. The research project can lead to empowering communities of preservice chemistry teachers to be more concerned about environmental issues (environmental values as well) that impact them daily and provide a method for planning a project that addresses economic, social, and environmental values. In their reflections and interview responses, the preservice chemistry teachers stated that sustainability is an interesting concept to discuss, is important to learn, and is useful for the future. Preservice teachers participated actively in their learning to gain the information, skills, and attitudes necessary to encourage sustainable practices in their community and in their daily lives (apply this in my daily life). ESD can help reveal the global nature of today’s challenges. It provides concrete solutions for the local environment [42]. ESD provided the preservice teachers with an experience of ESD as a practice-based approach (bringing my own) and encouraged them to become more concerned about ESD issues (reducing, reusable) related to their way of life.



While this research focused on the environmental awareness of prospective chemistry teachers, it is anticipated that the knowledge and understanding gained from the experience will be applied to their future teaching.



Sustainable, development-based learning, known as green chemistry, has an important role to play in chemistry education. Fibonacci at [45] states that “various chemical concepts have close links with the environment to stimulate the creativity and innovation of students to be able to use chemical concepts to solve the environmental problem”. Prospective chemistry teachers can use innovative pedagogies to instill the value of sustainability in their students, as identified in the transcript below:




“I think it is important as a prospective chemistry teacher to study sustainability development in school because studying chemistry has something to do with the environment so it can design creativity and innovation. They can use chemical concepts to solve problems in their environment. In addition, how to implement sustainable value that can be applied to chemicals such as electrolytes and nonelectrolytes, redox, colloids, petroleum hydrocarbons, electrochemical applications, adn polymers. It can be a supporter of teacher creativity on how to analyze a characteristic of material, so that the sustainable values are embedded in students’ personalities. ”



(P7, interviewed 22 November 2020.)






3.4.3. Project Development Engagement


Success in developing sustainability competencies, the learning must, of course, include supportive pedagogy. Sipos et al. at [46] stated that the most relevant pedagogy in enhancing the development of sustainable competence is a pedagogy that involves the head (cognitive domain), hands (psychomotor), and heart (affective domain). Project-based learning is a feasible model in developing sustainable competencies [43,47]. The way that project-based learning supports sustainable competency development is by encouraging students to develop sustainable competencies by providing a supportive learning atmosphere that encourages critical thinking, creative thinking, higher-order thinking skills (HoTS), problem-solving, collaboration, and communicating well.



Although the program was held online, students felt that joining the program provided them with meaningful experiences in using design thinking, discussing and solving problems, and conducting research and sharing information in discussion groups. The PjBL model offers preservice teachers a chance to experience the tangible reality of their communities, as well as to take ownership of a project as active participants rather than mere consumers of knowledge [48].



The following excerpt demonstrates how meaningful this program was for these students:




“It is very interesting because each group member conducts research first regarding the topic at hand. Then convey each of the ideas obtained.…”



(Reflective Journal, P2 19 October 2020)






“It’s great for brainstorming to find solutions to existing problems. Furthermore, participants are required to carry out reliable research to construct a solution.”



(Reflective Journal, P9 19 October 2020)





More detailed views were expressed during the semi-structured interviews.




“I think critical thinking plays a very important role in finding idea for this project, such as in the process of doing research first so it doesn’t necessarily give idea, besides that creative thinking is also needed, for example in determining eye-catching project name, and in my opinion problem solving is also used such as from existing problem based on previous research and how to solve the problem by giving idea in the form of a project.”



(P3, interviewed 22 November 2020.)






“Very effective learning model, because it invites the participants to think more actively. Not only analyzing but also imagining the application of the project, conducting a project, and presenting it to another member."



(P5, Interviewed 22 November 2020.)





PjBL provides a direct learning experience of diving into a problem, finding the solution, and constructing a plan to solve the problem. The prospective chemistry teacher feels fully involved in designing a project that uses agro-industry products, and they feel challenged, encouraged to think critically (critical thinking plays a very important role), brainstorm (think many things; brainstorm), conduct in-depth information searches (perform research), and think creatively through this PjBL (determining eye-catching project name).



PjBL improves the participants’ capacity to address environmental and developmental issues, as well. A study conducted by [49] among preservice technology teachers in South Africa about their experience in using PjBL as a pedagogy for ESD reported that PjBL promotes social learning and a real-world context for learning about ESD. It can be used as a catalyst for raising preservice teachers’ awareness of their role as agents of change.



PjBL ensures continuity with the learning experience (to complete a group project) in a pleasant learning atmosphere (very exciting and interesting), to actively develop students’ critical thinking (find solutions), and to solve contextual problems (to construct a solution). This finding concurs with [40], who state that PjBL is not simply transmitted from teachers to students but is constructed in the mind of the learner as they actively engage in developing unique solutions to problems.




3.4.4. Communication and Collaboration


According to a body of research, collaboration and communication are key competencies in sustainability [50,51,52]. Students reported feeling enthusiastic about working in a multicultural environment because they could greet friends from different cultures and language groups. However, having to discuss the project compelled students to use foreign language skills while negotiating with friends from other countries. Many students stated the following:




“The multicultural environment that occurs during the summer course is very interesting. I can communicate with people from various backgrounds. However, the biggest problem I feel is the ability to communicate in English.”



(Reflective Journal P13, 19 October 2020)






“…..Collaboration between members is an important aspect during project work. Even though it is virtual, because they have several group assignments, the members can be closer to one another”



(Reflective Journal, P2 19 October 2020)






“It’s very interesting because each group member conducts research related to the existing topic. Then, convey each idea obtained. Collaboration between members is an important aspect during project work.”



(P8, Interviewed 22 November 2020)





The excerpts above confirm that using PjBL challenged the participants to improve their communication and collaboration skills, deepen their thinking, and gain a better understanding by performing research and presenting it to others (conduct research related to the existing topic). Excerpts from the reflective journals showed how the participants developed ways to communicate that improved their language skills and enabled them to effectively collaborate with their working group (convey each idea obtained); this ability is described as interpersonal skills to work with others and is an interpersonal competency [50,51,53,54]. Collaboration is the ability to motivate, activate, and facilitate collaboratively and participate in ongoing research and problem solving [52]. In this research,, the participants already worked collaboratively with their peers in a good and correct way, so their collaboration and communication skills were used actively.



The onset of the COVID-19 pandemic demonstrated the importance of individuals’ and societies’ ability to respond rapidly to unexpected risks. Collaborating to find solutions, anticipating different scenarios, negotiating trade-offs, and being ready to act quickly based on limited information are essential skills for a 21st century, global society [42]. The participants in this research project believed that collaboration is important for solving problems to produce better outcomes (an important aspect during project work). ESD encourages collaborative outcomes by encouraging students to work together. Collaboration means having a belief in the good of others, and, as Singh-Pillay [49] points out, it allows for individual self-introspection whilst maintaining a working relationship with people from different socioeconomic statuses. Collaboration can develop a participant’s self-confidence (I can communicate), team-building skills (each group member conducts research, communicate with people), and increase tolerance related to perceptions of race, culture, and a commitment to the group.



Due to the different cultural backgrounds and participating countries, several obstacles, such as time differences, constrained the scheduling of discussions. Time management was another issue that needed to improve, as did a stronger commitment to the value of working together.



Mastering global languages, as well as an occasional unstable internet connection, caused some issues, as reported below.




“Because during a pandemic, it is less pronounced. But still exciting. The biggest problem at hand is the timing. Because I have a group of friends from Villanova who are 11 hours apart from us, so it is challenging to match the discussion time, language is also a problem when discussing. Internet connection sometimes becomes a problem too.”



(P10, Interviewed 22 November 2020)






“… But the biggest problem I feel is the ability to communicate in English."



(Reflective Journal P7, 19 October 2020)






“Compared to the language barrier, I feel more constrained by time. Classes held are sometimes too early or late at night so that it is not optimal when listening to the presentation. However, I try my best in every meeting.”



(P12, Interviewed 22 November 2020)





Since the participants showed their engagement throughout this program, we can say that this summer course program encouraged them to practice and make improvements in areas such as communication and collaboration skills and obtain better knowledge about sustainability and environment awareness. Being able to collaborate well in a group and the multicultural environment also provided opportunities to link their point of view of other fields outside of chemistry. The working teams across disciplines encouraged the conceptualization of innovations and creative approaches from different perspectives towards solving the same problem [43], Ref. [55] because sustainability competencies can be implemented with scientific discipline abilities, such as social science, engineering, and business [43]. A multicultural learning environment encourages success in sustainable preservice chemistry teacher competency development because it provides a learning atmosphere in multidisciplinary groups.






4. Conclusions


The findings of this study show that preservice chemistry teachers can improve their awareness of sustainability through an online ESD program. They were able to think more broadly about the idea of sustainability in many aspects of life. They become more concerned about ESD issues, which lead them to empower their communities (preservice chemistry teachers) to be more concerned about environmental issues that impact them daily. The program provided a method for planning a project that addressed economic, social, and even environmental values to slowly change their way of life. PjBL ensures continuity with the learning experience in a learning environment that actively develops students’ critical thinking and the ability to solve complex contextual problems. PjBL allows students to engage and interact with diverse communities, gain more information, instill collaboration skills, and develop team-building strategies that give rise to emotional learning. These skills are critical for the future success of education to provide society with sound responses to sustainability issues. The online summer course brought new opportunities and a commitment that ESD must be included in the learning in all contexts, for all learners, regardless of their gender, location, socioeconomic status, or access to technology. In conclusion, the preservice chemistry teachers engaged in creating a project-based learning solution through an online summer course program that developed students’ sustainability perspective and environment awareness, higher-order thinking skills, and communication and collaboration skills.







Author Contributions


Research design, data collection, data analysis, and journal writing, M.P. and N.A.P.H.; re-search design and data analysis, Y.R.; data analysis, and journal writing, E.F.; data collecting, and data analysis, J.A.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Universitas Negeri Jakarta, Indonesia: 3/International Research Collaboration-UNJ/LPPM/V/2020.




Institutional Review Board Statement


The authors’ institution does not require review board statement.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare there is no conflict of interest.




References


	



Svanström, M.; Lozano, F.J.; Rowe, D. Learning outcomes for sustainable development in higher education. Int. J. Sustain. High. Educ. 2008, 9, 339–351. [Google Scholar] [CrossRef]

	



Jegstad, K.M.; Sinnes, A.T. Chemistry Teaching for the Future: A model for secondary chemistry education for sustainable development. Int. J. Sci. Educ. 2015, 37, 655–683. [Google Scholar] [CrossRef]

	



Wolff, L.-A.; Sjoblom, P.; Bergholm, M.H.; Palmberg, I. High Performance Education Fails in Sustainability?—A Reflection on Finnish Primary Teacher Education. Educ. Sci. 2017, 7, 32. [Google Scholar] [CrossRef]

	



Birch, E.L.; Sachs, J.D. The Age of Sustainable Development. J. Am. Plan. Assoc. 2015, 81, 241–242. [Google Scholar] [CrossRef]

	



Bessant, S.E.F.; Robinson, Z.P.; Ormerod, R.M. Neoliberalism, new public management and the sustainable development agenda of higher education: History, contradictions and synergies. Environ. Educ. Res. 2015, 21, 417–432. [Google Scholar] [CrossRef]

	



Hursh, D.; Henderson, J.; Greenwood, D. Environmental education in a neoliberal climate. Environ. Educ. Res. 2015, 21, 299–318. [Google Scholar] [CrossRef]

	



Kopnina, H. Future scenarios and environmental education. J. Environ. Educ. 2014, 45, 217–231. [Google Scholar] [CrossRef]

	



Weber, L. Universities, hard and soft Sciences: All key Pillars of global Sustainability. In Global Sustainability and The Responsibilities of Universities; Weber, L., Duderstadt, J.J., Eds.; ECONOMICA: London, UK, 2012; pp. 3–14. [Google Scholar]

	



Burmeister, M.; Eilks, I. An example of learning about plastics and their evaluation as a contribution to Education for Sustainable Development in secondary school chemistry teaching w. Chem. Educ. Res. Pract. 2012, 13, 93–102. [Google Scholar] [CrossRef]

	



Anastas, P.T.; Warner, J.C. Green Chemistry: Theory and Practice; Oxford University Press: Oxford, UK, 1998; Available online: https://books.google.co.id/books?id=SrO8QgAACAAJ (accessed on 20 February 2021).

	



Hartings, M.R.; Fahy, D. Communicating chemistry for public engagement. Nat. Chem. 2011, 3, 674–677. [Google Scholar] [CrossRef]

	



Laurie, R.; Nonoyama-Tarumi, Y.; Mckeown, R.; Hopkins, C. Contributions of Education for Sustainable Development (ESD) to Quality Education: A Synthesis of Research. J. Educ. Sustain. Dev. 2016, 10, 226–242. [Google Scholar] [CrossRef]

	



Sadler, T.D.; Zeidler, D.L. Scientific literacy, PISA, and socioscientific discourse: Assessment for progressive aims of science education. J. Res. Sci. Teach. 2009, 46, 909–921. [Google Scholar] [CrossRef]

	



Hofstein, A.; Eilks, I.; Bybee, R. Societal issues and their importance for contemporary science education-a pedagogical justification and the state-of-the-art in Israel, Germany, and the USA. Int. J. Sci. Math. Educ. 2011, 9, 1459–1483. [Google Scholar] [CrossRef]

	



Hofstein, A.; Kesner, M. Industrial Chemistry and School Chemistry: Making chemistry studies more relevant. Int. J. Sci. Educ. 2006, 28, 1017–1039. [Google Scholar] [CrossRef]

	



Burmeister, M.; Rauch, F.; Eilks, I. Education for Sustainable Development (ESD) and chemistry education. Chem. Educ. Res. Pract. 2012, 13, 59–68. [Google Scholar] [CrossRef]

	



Portal, C.; Launay, D.; Merritt, A.; Bradley, M. High throughput physical organic chemistry: Analytical constructs for monomer reactivity profiling. J. Comb. Chem. 2005, 7, 554–560. [Google Scholar] [CrossRef]

	



Wheeler, S.F.; Harvey, D.J. Negative Ion Mass Spectrometry of Sialylated Carbohydrates: Discrimination of N-Acetylneuraminic Acid Linkages by MALDI-TOF and ESI-TOF Mass Spectrometry. Anal. Chem. 2000, 72, 5027–5039. [Google Scholar] [CrossRef]

	



UNESCO. Guidelines and Recommendations for Reorienting Teacher Education to Address Sustainability. In Education for Sustainable Development in Action; UNESCO: Paris, France, 2005; Volume 2, p. 44. [Google Scholar]

	



Birdsall, S. Measuring student teachers’ understandings and self-awareness of sustainability. Environ. Educ. Res. 2014, 20, 814–835. [Google Scholar] [CrossRef]

	



Falkenberg, T.; Babiuk, G. The status of education for sustainability in initial teacher education programmes: A Canadian case study. Int. J. Sustain. High. Educ. 2014, 15, 418–430. [Google Scholar] [CrossRef]

	



Gray, D.; Gray, L.C.; Camino, E. Science, Society and Sustainability, Education and Empawerment for an Uncertain World; Routledge: New York, NY, USA, 2019. [Google Scholar]

	



Higgins, P.; Kirk, G. Sustainability Education in Scotland: The Impact of National and International Initiatives on Teacher Education and Outdoor Education. J. Geogr. High. Educ. 2006, 30, 313–326. [Google Scholar] [CrossRef]

	



Muñoz-Pedreros, A. Environmental education in Chile a Pending Task. Ambiente Soc. 2014, 17, 175–194. [Google Scholar]

	



Burmeister, M.; Eilks, I. An understanding of sustainability and education for sustainable development among German student teachers and trainee teachers of chemistry. Sci. Educ. Int. 2013, 24, 167–194. [Google Scholar] [CrossRef]

	



Anderson, R.D. Reforming Science Teaching: What Research Says About Inquiry. J. Sci. Teach. Educ. 2002, 13, 1–12. [Google Scholar] [CrossRef]

	



Fletcher, G.J.O.; Simpson, J.A.; Thomas, G. Ideals, perceptions, and evaluations in early relationship development. J. Personal. Soc. Psychol. 2000, 79, 933–940. [Google Scholar] [CrossRef]

	



Klein, J.I.; King, S.H.; Ed, D.; Curtis-bey, L.; Stripling, B. Includes: New and Updated Resources for Social Studies NYC Department of Education Teaching and Learning Director of Mathematics and Science; Department of Education: New York, NY, USA, 2019. [Google Scholar]

	



Creswell, J.W.; Creswell, J.D. Research Design: Qualitative, Quantitative, and Mixed Methods Approaches; SAGE Publications: Thousand Oaks, CA, USA, 2018. [Google Scholar]

	



Hasibuan, N.A.P.; Paristiowati, M.; Erdawati, E. Sustainability Development-Based Agroindustry in Chemistry Learning to Improve the Preservice Chemistry Teachers’ Competence. J. Kegur. Dan Ilmu Tarb. 2021, 6, 125–138. [Google Scholar] [CrossRef]

	



Miles, M.B.; Huberman, A.M. Qualitative Data Analysis: An Expanded Sourcebook; SAGE Publications: Thousand Oaks, CA, USA, 1994; Available online: https://books.google.co.id/books?id=U4lU%5C_-wJ5QEC (accessed on 20 February 2021).

	



Lincoln, Y.S.; Guba, E.G. Naturalistic Inquiry; SAGE Publications: Thousand Oaks, CA, USA, 1985; Available online: https://books.google.co.id/books?id=2oA9aWlNeooC (accessed on 20 February 2021).

	



Silvius, A.J.G.; Schipper, R.A. Maturity Model for Integrating Sustainability in Projects and Project Management. BT-24th World Congress of the International Project Management Association (IPMA); Istanbul, Turkey. 2010. Available online: http://www.hu.nl/~/media/HU-PORTAL/Images/Duurzaam/Description.ashx (accessed on 20 February 2021).

	



Lindroth, J.T. Reflective Journals. Updat. Appl. Res. Music Educ. 2015, 34, 66–72. [Google Scholar] [CrossRef]

	



Radits, F. Competencies for ESD (Education for Sustainable Development) Teachers. Sustainability 2008. Available online: https://unece.org/fileadmin/DAM/env/esd/inf.meeting.docs/EGonInd/8mtg/CSCT%20Handbook_Extract.pdf (accessed on 15 February 2021).

	



Gofur, A.; Maghfiroh, N.; Susilo, H. Pengaruh Project Based Learning Terhadap Kerampilan Proses Sains Siswa Kelas X SMA Negeri Sidoarjo. J. Pendidik. Teor. Penelit. Dan Pengembangan. 2016, 1, 1588–1593. [Google Scholar]

	



Özer, D.Z.; Özkan, M. The Effect of Project Based Learning Method on Science Process Skills of Prospective Teachers of Science Education in Biology Lessons 1. J. Turk. Sci. Educ. 2013, 5, 635–645. [Google Scholar]

	



Tias, I.W.U.; Octaviani, S. The effect of using the project based learning model on process skills and science literation skills. JHSS (J. Humanit. Soc. Stud.) 2018, 2, 25–30. [Google Scholar] [CrossRef]

	



Sastrika, I.A.K.; Sadia, W.; Muderawan, I.W. Pengaruh model pembelajaran berbasis proyek terhadap pemahaman konsep kimia dan keterampilan berpikir kritis. J. Pendidik. Dan Pembelajaran IPA Indones. 2013, 3, 194–204. [Google Scholar]

	



Ravitz, J.; Hixson, N.; English, M.; Mergendoller, J. Using project based learning to teach 21 st century skills: Findings from a statewide initiative. In Proceedings of the Annual Meetings of the American Educational Research Association, Vancouver, BC, USA, 13–17 April 2012; Volume 16, pp. 1–9. [Google Scholar]

	



Devkota, S.P.; Giri, D.R.; Bagale, S. Developing 21st Century Skillls Through Project-Based Learning in Efl Context: Challenges and Opportunities. Online J. New Horiz. Educ. 2017, 7, 47–52. [Google Scholar]

	



UNESCO. Build Back Better: Education Must Change after COVID-19 to Meet the Climate Crisis. 2020. Available online: https://en.unesco.org/news/build-back-better-education-must-change-after-covid-19-meet-climate-crisis (accessed on 20 February 2021).

	



Kioupi, V.; Voulvoulis, N. Education for sustainable development: A systemic framework for connecting the SDGs to educational outcomes. Sustainability 2019, 11, 6104. [Google Scholar] [CrossRef]

	



Nurbaity; Rahmawati, Y.; Ridwan, A. Integration Green Chemistry Approach in Teacher Education Program for Developing Awareness of Environmental Sustainability. In Proceedings of the ASEAN Comparative Education Research Network Conference, Sumatera Barat, Indonesia, 30 November–1 December 2016; pp. 2148–2156. [Google Scholar]

	



Fibonacci, A.; Azizati, Z.; Wahyudi, T. Development of Education for Sustainable Development (Esd) Based Chemsdro Mobile Based Learning for Indonesian Junior High School: Rate of Reaction. JTK (Jurnal Tadris Kim.) 2020, 5, 26–34. [Google Scholar] [CrossRef]

	



Sipos, Y.; Battisti, B.; Grimm, K. Achieving transformative sustainability learning: Engaging head, hands and heart. Int. J. Sustain. High. Educ. 2008, 9, 68–86. [Google Scholar] [CrossRef]

	



Leal Filho, W.; Shiel, C.; Paço, A. Implementing and operationalising integrative approaches to sustainability in higher education: The role of project-oriented learning. J. Clean. Prod. 2016, 133, 126–135. [Google Scholar] [CrossRef]

	



Genc, M. The project-based learning approach in environmental education. Int. Res. Geogr. Environ. Educ. 2015, 24, 105–117. [Google Scholar] [CrossRef]

	



Singh-Pillay, A. Pre-service Technology Teachers’ Experiences of Project Based Learning as Pedagogy for Education for Sustainable Development. Univers. J. Educ. Res. 2020, 8, 1935–1943. [Google Scholar] [CrossRef]

	



Brundiers, K.; Barth, M.; Cebrián, G.; Cohen, M.; Diaz, L.; Doucette-Remington, S.; Dripps, W.; Habron, G.; Harré, N.; Jarchow, M.; et al. Key competencies in sustainability in higher education—Toward an agreed-upon reference framework. Sustain. Sci. 2020, 16, 13–29. [Google Scholar] [CrossRef]

	



Glesser, H.; Hirsh, J. Toward the Development of Robust Learning for Sustainability Core Competencies; Western Michigan University, Mary Ann Liebert, Inc.: Kalamazoo, MI, USA, 2016; Volume 9, pp. 178–184. [Google Scholar] [CrossRef]

	



Wiek, A.; Withycombe, L.; Redman, C.; Mills, S.B. Moving forward on competence in sustainability research and problem solving. Environment 2011, 53, 3–13. [Google Scholar] [CrossRef]

	



Daub, C.; Hasler, M.; Verkuil, A.H.; Milow, U. Universities talk students walk: Promoting innovative sustainability projects. Int. J. Sustain. High. Educ. 2020, 21, 97–111. [Google Scholar] [CrossRef]

	



Lambrechts, W.; Mulà, I.; Ceulemans, K.; Molderez, I.; Gaeremynck, V. The integration of competences for sustainable development in higher education: An analysis of bachelor programs in management. J. Clean. Prod. 2013, 48, 65–73. [Google Scholar] [CrossRef]

	



Barth, M.; Godemann, J.; Rieckmann, M.; Stoltenberg, U. Developing key competencies for sustainable development in higher education. Int. J. Sustain. High. Educ. 2007, 8, 416–430. [Google Scholar] [CrossRef]








[image: Sustainability 14 01783 g001 550] 





Figure 1. Summer course program outline and learning activities [30]. 
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Figure 2. Participants’ slide documentation, Green Tea Group, 15 November 2020. 
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Figure 3. Product design. 
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Figure 4. The benefits of using the mask. 
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Figure 5. Project development by preservice chemistry teachers [30]. 
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Figure 6. Summer course 2020, opening ceremony with all participants and lecturer. 
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Figure 7. Summer course activity, virtual field trip to cibulao coffee. 
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Figure 8. Participants’ response toward ESD [30]. 
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Figure 9. Participants’ response through PjBL in chemistry learning [30]. 
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Table 1. Demographic characteristics of participans.
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	Characteristic
	Parameter
	Frequency (N)
	Percentage (%)





	Gender
	Female

Male
	26

0
	100%



	Years of Studies
	2017

2018
	11

15
	42.3%

57.7%



	Cycle of studies
	Bachelor’s Degree

Master’s degree
	25

1
	96%

4%
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