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Abstract

:

By introducing the sustainable nature of chemistry to students—makers of the future—teachers, and teacher students we can promote their scientific literacy and increase understanding of the relevance of chemistry research and studies in sustainability. Ionic liquids are a topical example of innovation of green chemistry research offering many possibilities for sustainable chemistry education. This article describes how to develop research-based learning materials on ionic liquids using educational design research as a design strategy. The design process included two cycles and the initial design solution was iterated via a qualitative case study conducted with future chemistry teachers. The main result of this research is the designed context-based activity that engages learners with individual, vocational, and societal levels of relevance. In addition, the study produced new insights into future chemistry teachers’ perceptions of ionic liquids’ possibilities in a chemistry learning context. According to future chemistry teachers, ionic liquids are an interesting new context for laboratory learning and can increase interest in chemistry studies.
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1. Introduction


Promoting scientific and sustainability literacy through future-oriented and transformational education is of utmost importance [1]. The role of chemistry as a science and its education are vital in building a healthy sustainable future [2]. There is a great need to promote scientific chemistry literacy for all people [3]. In addition, we need more chemistry specialists in various fields to solve global sustainability challenges [4]. As research has shown, young people—makers of the future—are not necessarily interested enough in chemistry [5,6] and they often do not find chemistry studies as relevant [7]. There is a need to get relevant pedagogical innovations/solutions into practice in chemistry education. This paper describes how to meet these needs and develop research-based learning materials through collaboration. Sustainability chemistry education has been a main goal of our research group, and this study is an example of it [8].



To engage and inspire young people to study chemistry, it is important to consider the relevance perspective [9]. This can be done by developing learning materials that are experienced as relevant by learners [10]. One approach to increase relevance is to use contexts that learners can relate to [7]. Another suggestion made by Blonder and Mamlok-Naaman [11] is to use contemporary research cases as context. The contemporary approach teaches about the nature of science by showing learners how scientific knowledge is generated. Many authors consider that it is important to promote the understanding of the nature of science and scientific literacy in school teaching and teacher education [12,13]. This gives an understanding of the connections between chemistry and society as well as chemistry and technology, which are in constant interaction [14]. In this regard, there is a need for developing new context-based learning materials based on novel chemistry research.



To contribute to the relevance challenge described above, the aim of this research is to develop a context-based learning activity emphasizing the relevance of chemistry through a sustainable contemporary research context—ionic liquids. The context of ionic liquids was chosen because it is a topical example of innovation of green chemistry offering many possibilities for sustainability [15,16].



Therefore, the topic is also important from the sustainable chemistry education perspective which has received a lot of attention in recent years. For example, Mahaffy et al. [17] proposed that sustainable and green chemistry can be addressed via systems thinking. The systems approach aims to offer a more holistic perspective to chemistry learning than a traditional concept approach. The medium for fostering a more comprehensive perspective can be anything from smaller lab experiments to open-ended projects [18]. Even though this research is conducted in the context of sustainable chemistry education, we do not directly address systems thinking which is linked to sustainability education in many research articles [17,18,19,20,21,22,23]. To promote the comprehensive approach, we will design the activity around chemistry laboratory work [18].



However, the challenge is that designing holistic learning materials is difficult because it demands both expertise in pedagogical planning and high content knowledge. To solve this challenge, many authors encourage engagement with multiple different stakeholders in the design process [24,25].



The material will be developed for pre-service chemistry teacher education purposes. The aim of the designed activity is to inspire future chemistry teachers through an activity based on recent chemistry research and show an example of how materials can be developed using a research-based approach. The development is carried out using a design-based research (DBR) approach, which is a widely used methodology in research-based learning environment design [26,27]. To emphasize the holistic approach, the project is carried out collaboratively including both the content specialists and pedagogical experts [25].



The structure of the paper is based on the DBR approach. A DBR can be reported by describing the design process in chronological order. In this regard, first, we will introduce DBR as a research methodology. This is usually done in the beginning because the structure of the DBR guides the formulation of research questions (RQ) (see Section 2) and answering the RQs guides the progress of the overall project. Therefore, after stating the RQs, they will be answered in the next section (see Section 3, Section 4 and Section 5).




2. Implementation of Design-Based Research


DBR is a research methodology that enables an iterative systematic approach to complex learning environment development projects [26]. As mentioned, it is nowadays a widely used strategy in educational research [25,27]. According to Edelson [26], DBR is at the same time a practical and research-driven development strategy. This means that the development is based on a solid theoretical framework, and it will produce concrete design solutions (e.g., learning materials) validated through scientific research. This approach enables contributing to scientific discussions and not just focusing on designing new artifacts [26]. To ensure the systematic research-oriented demand set for DBR, this research consists of three phases (see Figure 1) each guided by a research question.



Phase 1: Theoretical problem analysis



DBR always begins with a need analysis, where the design needs, possibilities, and challenges are analyzed [26,28]. In this research, the needs were mapped via reviewing earlier research literature. Therefore, this phase forms the theoretical framework of the research.



RQ1: What kind of possibilities does the ionic-liquids context offer for supporting relevance? (see Section 3)



Phase 2: Design solution



The design solution is the concrete ionic liquid activity that is being developed. In this DBR the first version of the design solution is developed based on the need analysis. However, since DBR is a cyclic process the design solution will be iterated via the empirical phase leading to design solution 2 [26].



RQ2: What kind of practical work activity enables chemistry learning in the context of ionic liquids? (see Section 4)



Phase 3: Empirical problem analysis



As Edelson [26] emphasizes, development should include a formative evaluation that is used in iterating the design solution. In this DBR, the design solution is developed for pre-service teacher education. Therefore, the case study used in evaluating design solution 1 was conducted with future chemistry teachers. As expected from a DBR, the aim of this phase is both to develop a practical solution (RQ3a) and contribute to relevant research via future chemistry teachers’ perceptions in an ionic-liquids context (RQ3b) [26,29,30]. The findings of empirical problem analysis are used in redeveloping the design solution and contributing to scientific relevance discussion.



RQ3: What kind of perceptions do future chemistry teachers have on (a) the functionality and (b) relevance of an activity related to ionic liquids? (see Section 5)



Validity and Reliability of Design-Based Research


Even though DBR is widely applied in educational research, it has been criticized for its reliability. DBR projects are often complex including multiple steps and stakeholders producing various kinds of data [29]. In this DBR, the complex nature of DBR has been controlled by accurate documentation.



Another critique is aimed toward research settings. First, there is no unified methodology how to conduct DBR studies [31]. This critique is correct, but currently, there is no better model to apply research-based methods to designing educational artifacts. The selection of methods depends on the design focus, and the selected methods will define the reliability and validity criteria [32]. Second, empirical phases are often qualitative, which is the case in this research too. This makes it difficult to produce generalized results, which is one of the aims of contributing to theories via empirical problem analyses [26,27,29,31]. However, many authors remind us that DBR can be used in producing best practices on a local scale [27,30]. In this DBR the local scale is pre-service chemistry teacher education at the University of Helsinki, enabling the development of the activity in an authentic end-user setting [29].





3. Theoretical Problem Analysis: The Possibilities of the Ionic-Liquids Context for Supporting Relevance (RQ1)


In this section, we answer RQ1 by analyzing the possibilities that the ionic-liquids context offers for supporting relevance. The analysis is conducted via a literature review. First, we define the term relevance and then use it as a tool for mapping out the possibilities.



According to many studies, making chemistry studying more relevant may act as a key factor in increasing interest in studying chemistry [7,33]. However, there is no clear consensus on the definition of relevance. It can be a synonym for interest or necessity, or it can be thought to refer to students’ view of relevance [9,34]. Stuckey et al. [33] have defined relevance through a model, where relevance is divided into individual (IR), vocational (VR), and societal relevance (SR). The relevance perspective can be intrinsic or extrinsic, referring to present or future needs (see Figure 2).



Individual relevance includes students’ personal interests and needs in the present and future. The individual dimension addresses things that are relevant to the students themselves. Individually relevant teaching offers the students useful skills for coping with the challenges of daily life and develops a student’s intellectual skills. Vocational relevance refers to skills that are needed in present studies, in a future entrance exam, or in a future profession. Societal relevance includes the understanding of the connection between society and science, and skills that are necessary for behaving responsibly. Societally relevant teaching gives the capacity to act as a responsible citizen and to function according to sustainable development [33,34].



Ionic liquids were chosen as the chemistry context because it is a current research topic with a clear societal role. Ionic liquids have also been present in the Finnish media lately, where several articles and news about the latest Finnish ionic liquids innovations have been published via national level mass media. Public support for the innovation strengthens its societal relevance [24]. This encouraged us to assume that ionic liquids might be a high-relevance chemistry context (see an overview from Table 1), which are important for chemistry education. According to research, contexts help learners to understand the connection between science and daily life [7]. When learning contents are looked at from the viewpoint of everyday contexts, students learn why chemistry is important, and where it influences.



Ionic liquids are organic salts that have a melting point below 100 degrees Celsius. Ionic liquids have many useful properties, such as chemical, thermal, and electrochemical stability, nonflammability, low vapor pressure, and solubility in many compounds. Because of these properties, they have a wide range of use cases [35]. For example, ionic liquids have applications in fields like analytics, biotechnology and biomedicine, catalysis and synthesis, extraction, electrochemistry, etc. [36,37]. Ionic liquids are also researched at our home institution University of Helsinki, where the research focuses especially on their possibilities for cellulose dissolution [15]. This determined the chemistry context for the designed activity—ionic liquids in the dissolution of cellulose looked from the viewpoint of sustainable development. Sustainable development is related to the topic for example through the need for cellulose and growing cotton. Ionic liquids can be regarded as a sustainable option in processing cellulose, and processed innovation acts as one solution to this problem related to natural resources [38]. From the sustainable green chemistry perspective, ionic liquids offer possibilities, especially for more sustainable solvent options [39]. However, even though ionic liquids are considered a green solvent option, they have some toxic effects that cause harm for many types of organisms if exposed to nature. The toxic effects of ionic liquids depend on their structure, test conditions, and morphology of the organisms. Therefore, more research is needed in order to evaluate the comprehensive sustainability of using ionic liquids as solvents [40,41].



Ionic liquids are a topical example of innovation of green chemistry, made possible by science and technology [16]. Hernani et al. [16] also suggested that the context includes many opportunities for teaching about chemistry subject matter and for developing thinking skills. Mudzakir et al. [42] have noted that ionic liquids are also useful in teaching about the philosophy of chemistry, for example, by bringing out the epistemological nature of chemistry. They highlight in their study that ionic liquids are a good context for illustrating connections between science and technology, and a context that influences attitudes towards chemicals. Based on their research, ionic liquids can be used especially alongside teaching about topics such as chemical bonds, organic compounds, acid and base theory, and the internal interaction of polymers and molecules.




4. Design Solution 1: Supporting the Relevance via Practical Work in the Ionic-Liquids Context (RQ2)


The context-based approach has been developed to solve intrinsic chemistry educational challenges derived from content overload [7]. The challenge is that often curricula are overloaded with concepts to address the rapidly developing chemistry research. Learners experience chemistry as an overwhelming number of isolated facts, which leads to poor basic knowledge of chemistry, a lack of transfer, and a lack of relevance. Students can solve problems that are given to them, but they cannot transfer knowledge to another setting [7,43]. As a solution, Gilbert [7] suggested that the content overload must be decreased by identifying central concepts and concentrating on them. Basic chemistry should be learned through contexts which students can relate to. This would promote the ownership of learning and support interest, relevance, and transfer effect. Additionally, Schwartz [44] rationalizes that contexts should be the center of the curriculum. Chemical phenomena and concepts are introduced when needed to understand the real-world societal issues selected in the designed contexts.



However, the use of contexts includes some challenges. It is difficult to design context-based learning because there is no clear definition for the term “context”. For example, context can be understood as a setting that includes content-specific language used in a social community that forms a behavioral environment where learning occurs. In addition, context needs relevant extra-situational background information that learners can relate to events organized by the community [7,43]. De Jong [45] defines contexts as more student-centered and defines them as practices that help students to build meaning around topics that are being studied. Contexts can be classified into categories depending on their perspectives. Contexts can engage through different domains such as personal (e.g., everyday life connection), social and society (e.g., the role of science in society), professional (e.g., future career), and scientific and technology (e.g., scientific and technologic literacy) [45].



In this research, context is understood as the chemistry topic of ionic liquids, and the aim was to design a learning activity around the selected context that supports the relevance. For this purpose, we designed a three-part activity including preliminary tasks, a practical laboratory phase, and final tasks (see Appendix A). The structure follows the recommendation of Millar’s [46] model for a meaningful laboratory activity. The structure ensures that learners orientate to the topic and get inspired. Pre-tasks increase interest toward the laboratory phase. A summarizing final task enables reflecting on what has been learned, so the practical part will not turn out to be separate and unattached [46] (see Figure 3).



Preliminary tasks introduce cellulose as a textile material through an example article. The article highlights the need for synthetic cellulose, which increases the significance of students’ work and connects the laboratory part to daily life and society. The tasks also engage learners to use scientific literacy and thus give an image of the nature of chemistry as a science. The work instructions include questions that are related to the article and guide the reading of the article and help focus on essential parts. The article gives extra-situational background information, improving the societal relevance of the context [7,33].



The laboratory part first introduces ionic liquids and cellulose as a material. Afterward, students get to prepare ionic liquids themselves. Cellulose is dissolved into an ionic liquid, and finally, cellulose is precipitated by injecting the solution into water. Reagents are used in small quantities, and therefore it is important to work diligently and concentrate on precise measurements. Syringes and needles are used in weighing, which may be a new experience for students because they are not the most typical laboratory equipment.



The aim of the laboratory phase is to inspire students toward chemistry studies, to illustrate the significance of chemistry in society, and to practice laboratory working skills. Students familiarize themselves with a real application of chemistry that can solve many societal problems [45]. According to research, context-based laboratory activities offer many possibilities for increasing the interest and relevance of science studies. For example, it helps students learn chemical concepts and connects them to scientific inquiry showing how research is done, engages with their studies, and develops problem-solving skills and practical working skills [9,47]. In addition, it supports the development of thinking skills [5]. Thus, context-based laboratory activities can promote students’ intrinsic interest in chemistry [33].



For the final task, students must find cellulose-related online news. Students answer questions based on the news, and these questions are related to the tone, viewpoint, and reliability of the selected news article. The aim of this task is to familiarize them with future possibilities of cellulose and ionic liquids and their visibility in the media. The task also helps practice scientific literacy and a critical attitude. Depending on the chosen news articles, they might also increase the viewpoint related to the connection of cellulose with the economy, industry, and professions, strengthening the vocational relevance [33].



The preliminary tasks and final tasks of the activity include reading articles and news. Using news and articles in teaching strengthens the view on the significance of chemistry for the present moment and for society [48] and therefore supports all relevance dimensions [33].



In the designed activity ionic liquids are the scientific context. When chemistry is approached through ionic liquids, it illustrates what kind of chemistry is needed, e.g., in the textile industry. This viewpoint may also broaden the view of the connection between chemistry innovation and society [16]. In the best-case scenario, through context-based teaching on ionic liquids, it is possible to support relevance both in the individual and societal dimensions, and to increase understanding of the meaning of chemistry and its connection to society now and in the future. The context of ionic liquids and cellulose enables versatile and multidimensional work with chemistry, which may also affect vocational relevance by increasing the view on what kinds of things chemistry can be used for.



Ionic liquids and cellulose as a context enable learning about chemistry subject matter such as the interaction of molecules, chemical bonds, and organic chemistry. In this study, the context of ionic liquids has been looked at mainly from the viewpoint of dissolving cellulose, but ionic liquids as a context would also enable other kinds of subject approaches [16].



The ecological, economic, and societal dimensions should be taken into consideration in teaching about sustainable development [49]. In the activity, the ecological viewpoint is introduced alongside materials, such as during studying cotton and solvents. The economic viewpoint is present when it is pondered on how the new methods of using cellulose affect, for example, the Finnish economy. Through the need for cellulose and chemistry’s solution-centered viewpoint, the societal view is also considered.



According to Burmeister et al. [49], it is central in teaching about sustainable development that youth are given the ability to develop into responsible and active members of society. It can be said that teaching sustainable development supports the dimension of societal relevance in Stuckey et al.’s [33] relevance model. Additionally, the societal dimension is supported by an illustration of the role of chemistry in daily life and in promoting sustainable development, which may increase students’ regard for and understanding the significance of chemistry.



According to example, a context-based laboratory activity based on topical sustainable chemistry that has real-life applications easily found in media can offer many possibilities for supporting the dimensions of relevance. In particular, the activity makes it possible to support the dimension of societal relevance through context and theme. Insights that support the relevance of the activity have been collected in Figure 4. These have been categorized based on the dimension of relevance that they mainly affect. However, the dimensions of relevance are overlapping and interdependent [33], and therefore things that influence the relevance usually affect several dimensions simultaneously, and a direct and unambiguous classification cannot be made.



We do not argue that these matters have a direct effect on a student’s relevance; instead, all the above-mentioned viewpoints are possible factors affecting relevance. The effects of relevance can be personal, and things may have very different effects on different students depending on their prior knowledge and their interests. Additionally, the chosen structure and instructional method may have an influence.




5. Empirical Problem Analysis: Future Chemistry Teachers’ Perceptions (RQ3)


The design solution is tested and developed in two cycles. The cyclic approach enables iterating towards the objectives set for the design project [26]. As mentioned, the design solution was tested with the end users to address their needs specifically. In this DBR, the final users will be future chemistry teachers and in-service chemistry teachers in general. Therefore, the case study used in the formative evaluation is conducted at the pre-service chemistry education level.



5.1. Methods


The design solution was evaluated as a case study [50]. For increasing the reliability, the triangulation of methods was exploited in data gathering [51]. Data were collected via interviews (n = 3) and student essays (n = 7) (see Appendix B and Appendix C). Before the data gathering, all participants were informed about the data processing guidelines and why the research was conducted. For example, all data were anonymized and processed without the risk of recognizing the participants. All participants gave their consent and participated in the study willingly. The research setting design followed the social science ethics guidelines set by the University of Helsinki [52].



The interviews consisted of three future chemistry teachers. Before the interviews, the interviewees had familiarized themselves with the first version of the design solution. The interviewed persons had studied subject teacher studies for 3–5 years, and all of them had much experience in guiding laboratory activities through their work in a non-formal school laboratory operating at the university premises [53]. The interviewees are marked I1, I2, and I3 in the results section. Interviews were conducted as theme interviews by their nature and the questions were classified based on the relevance model [33] (see Appendix B).



The aim of essays was to increase reliability via triangulation. Essays were gathered during a chemistry teacher education course at the University of Helsinki. In the course, students first tested the activity themselves and analyzed the experienced relevance by writing an essay on the topic. Seven students agreed to participate in the study and their essays are included in the data. In the results, the essays are referred to as E1, E2, E3, and so on.



The data were analyzed through a theory-based qualitative content analysis [54] using the Stuckey et al.’s [33] relevance model as the theoretical framework. First, the raw data was simplified to make it easier to process. Then simplified expressions like “Cellulose is interesting because it is familiar” were organized into classes like “Context”. Finally, these classes were placed under components and dimensions of the relevance model [33] (see Table 2). After the classification of data, connections were studied by finding regularities and similarities. The results were validated through an interrater collaboration where all results were discussed together by the first author and second author to improve the reliability of the analysis.



Triangulation is aimed at strengthening the reliability of the case study. When several data collection methods are used, it provides a more comprehensive view of the phenomenon than relying on a single data gathering method [51]. This phase was conducted as qualitative research, where the validity and reliability can be maintained via the following procedures. We aimed for high reliability by recording the interviews, by consistent processes, by accurate word-for-word transcriptions, and by doing logical theory-based classification of data. In addition, direct quotations have been included in the results section for supporting interpretations. Note that the above-described method was used to analyze the RQ3b, the relevance part. Answering the RQ3a, which addressed the practical side of the development, was carried out by analyzing future chemistry teachers’ perceptions via inductive content analysis [51].




5.2. Results and Discussion


In this section, we provide answers to the third research question, which had two focuses. First, we address future chemistry teachers’ perceptions related to the designed activity’s general functionality (RQ3a). Then we report their perceptions of the activity’s relevance (RQ3b).



5.2.1. Future Chemistry Teachers’ Perceptions of Activity’s Functionality (RQ3a)


Perceptions of the functionality were mainly derived from the interview questions 1–4 (see Appendix B). The observations were categorized inductively into the following classes: Significance, Good features, To be improved, and Development suggestions (see a summary in Table 3).



Comments regarding the preliminary tasks were mainly positive. It was mentioned that preliminary tasks, for example, engage well in the topic of the activity and create meaning for the laboratory part. This is especially important for efficient laboratory instruction [46]. The article was experienced as suitable for the topic and the questions were thought to be relevant for the activity. There was some contradiction in the answers regarding the language of the article. One interviewee and a few essay writers felt that the English article was heavy to read, and this made it difficult to understand the topic. On the other hand, two other responses stated that the English in the article was easy to read and that it prepared for further studies, where data are often written in English.



	
“Well, I thought it was good and a good length. I first thought it was awfully long, but there were a lot of those pictures in between. So, it was by no means too long. It was a good task.” (I1)



	
“I think there were good and relevant questions …, but I also felt this can be a little hard for high school students. Perhaps a bit difficult words to understand for a that age.” (I2)






Background information and questions were included in the work sheet of the laboratory part, and tips for teachers and illustrations were praised in the answers. Two interviewees commented that the pictures were a good addition and that they demonstrated well, for example, the use of two clamps. Additionally, it was mentioned that the picture of a vial was good because many students do not necessarily know what it looks like. However, a small development suggestion was that a caption could be added to the picture of the vial. This was added as requested (see Appendix A).



	
“Yeah. The vial and the gap. Should there be a picture showing what a vial is? Or I’m used to it that work instructions explain in detail all not-familiar tools. Especially with the vial because the instructions tell to heat the vial with two clamps. So, it would need a Picture 3. Vial and a cap.” (I3)






All interviewees felt that they would be able to complete the activity by following the work sheet. Two interviewees thought that the working instructions were clear, but one paid attention to the text lengths and too few difficult sentences. For example, interviewee 3 commented that the second step of the work instruction included many consecutive units of volume and units of mass, which were difficult to read. As a development suggestion, it was proposed that the sentences could be chopped into smaller parts and for example, the syringe sizes could be written inside parentheses. So the solution texts were elaborated (see Appendix A).



	
“Well, for example, in this second step it reads that weigh 1.9 g DNB into a 20-millimeter vial in the fume hood using 0.9 mm needle assisted with two 1 mm syringes. So, I wonder that there were 1.9 and 0.9 etc. i.e., a lot of commas, I would break this section to smaller sentences.” (I3)






In two interviews, it was highlighted that the working instruction would need a summary at the beginning or an introduction to the work. The interviewees thought that a piece of text was missing, especially in the laboratory part, where the purpose of the work is explained. Additionally, one interviewee commented that a summary could be added at the beginning, where the parts of the activity are explained. This was added as suggested (see Appendix A).



	
“There was some motivation section somewhere up, but there could also be a short summary that explains all the parts that the work will be including.” (I2)






The learning tasks related to the laboratory phase were experienced as good. One interviewee suggested that a task related to ionic liquids could be added. In addition, two interviewees pondered on work safety. They commented that one needs to be careful when using needles and that this could be added into the work safety box and written in a more explicit way.



	
“Well, that’s what I wrote to me about that occupational safety. You have to be pretty careful when there are needles and chemicals in the fume hood.” (I2)






In a couple of answers, the final tasks were thought to be such that summarize the topic and give additional information. It is important to summarize the laboratory part so that observations will be understood and linked to the theory [46]. It was also mentioned that the tasks were successful in connecting the societal and economical viewpoints with the activity. These perspectives give an understanding of how chemistry interacts with society teaching about the nature of chemistry as science [13]. One interviewee noted that the final task was very flexible and that it gives the instructor room to support learners individually during work. One interviewee pondered on how to source criticism is considered in the work if students are not familiar with it. On the other hand, in an essay answer, it was noted that the task supports critical literacy. Learning about source criticism is an important skill that should be taught in school [48]. One interviewee reflected on how the task seems to be an engaging task rather than a summarizing task.



	
“Well, final task used ICT tools which was good. Then it summarized the work and connected it well to society and industry. In addition, student would have an active role in it. But I was wondering how to teach source criticism. If students search information about cellulose, how do they know what information is reliable?” (I2)






In addition to the above-mentioned observations, the interviewees noticed some spelling mistakes. All in all, the activity was experienced as functional and clear. Some answers highlighted that the preliminary tasks and theory are an essential part of the entity. One development suggestion was that storytelling could be included in the laboratory part for motivation. Additionally, the entity could be made clearer by including a previously mentioned summary or an introduction to the beginning of the activity. All suggestions related to the practical side of the activity were implemented in design solution 2 (see Appendix A).
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Table 3. Summary of the future chemistry teacher’s perceptions of the activity’s functionalities.
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	Significance
	Good

Features
	To Be Improved
	Development

Suggestions





	Preliminary tasks
	Engages into the activity, decreases the time needed to spend in a lab, creates meaning for the activity, integrates laboratory part with theory.
	Suitable length, relevant questions, essentially connected to the work.
	The article in English is quite heavy to read.

Action: Elaborated (see Appendix A).
	It would be good to go over the tasks together, good that tasks are done before coming to the lab.

Action: Added to teacher tips.



	Laboratory task
	-
	Good and illustrative pictures, clear instructions, good background for the work, good tasks.
	Too many things in the steps of the work instruction, it’s not mentioned what the work is about.

Action: Elaborated (see Appendix A).
	A motivation for the work could be added, highlighting work safety, steps in the work instruction could be differentiated, a caption should be added to one of the pictures.

Action: Elaborated (see Appendix A).



	Final tasks
	Integrated the topic into society and industry, adds meaning, gives additional information.
	A good task: integrates ICT well, students have an active role, flexible, gives room for maneuvers.
	Mostly engages on the topic, how to take source criticism into account.

Action: Elaborated (see Appendix A).
	A task related to ionic liquids was added (see Appendix A).



	Entity
	-
	Useful tips for teachers.
	Action: Spelling mistakes were corrected (see Appendix A)
	An introduction in the beginning, there could be more storytelling, making wordforms clearer.

Action: Elaborated (see Appendix A).









5.2.2. Future Chemistry Teachers’ Perceptions of Relevance (RQ3b)


Individual Relevance


The data for future chemistry teachers’ perceptions of individual relevance were gathered via interview questions 6 and 7 (see Appendix B) and essays. The participants were asked if the context is interesting for upper secondary school students, and can the activity be used for teaching chemistry topics in formal education. In the essays, they were asked to reflect on how the activity supports different relevance dimensions [33]. Altogether, eight different main categories were identified through the analysis (see a summary from Table 4). The categories are bolded in the text.



The context (1) class includes all observations addressing ionic liquids directly or indirectly, for example when ionic liquids, cellulose, clothing, and materials were mentioned. The contexts were evaluated as increasing interest in a current topic, a new viewpoint, and familiar things.



	
“Also, at this point, responsibility, consuming, climate and the future are current topics, which may for their part cause intrinsic and extrinsic motivation in students, towards chemistry studies.” (E4)



	
“It may interest them, especially because of cellulose, as it’s a familiar substance for everyone.” (I1)



	
Yes, this must be a new topic for them. Because ionic liquids are not gone over in upper secondary school. So, this could also increase interest.” (I1)



	
“I think that the aim of preliminary tasks is to especially create intrinsic motivation through societally important things, and at the same time to create interest towards research objects on an individual level.” (E6)






Some answers stated that laboratory work (2) as a learning environment generally increases interest. This claim is supported by many studies [55]. In addition, it is important that the topic is connected to a daily life (3) context for students [7,47]. The ionic liquids as a context were found to be new and interesting. Few respondents felt that a new context would interest students who are already interested in chemistry. On the other hand, it was found that contexts that were familiar and linked to daily life such as clothing could arouse interest also for students that were not interested in chemistry. In our analysis, a context that is interesting for students supports individual intrinsic relevance in the present moment [7,33].



Working skills (4) that occurred in answers included laboratory work skills, group work skills, and ICT skills. Other working methods (5) include information retrieval and reading scientific papers, which are mentioned to be present in the preliminary and final tasks. Additionally, Hofstein et al. [55] mention that laboratory work enables understanding of chemistry concepts, learning to learn, development of problem-solving skills and thinking skills as well as an understanding of the nature of science. It can be thought that practicing all working skills and methods increases the skills and chemistry content (6) knowledge that students need in the future. It was also felt that laboratory work and the context influence the feeling of efficacy and motivation.



	
“As a student is working, their feeling of efficacy and influence on the individual and why not on the societal level, is present. Idea about the fact that everyone can be chemists is a factor, which creates interest for young students, and through this increases motivation for developing and diversification of one’s individual chemistry skills.” (E6)






The above-mentioned skills may also affect the student’s behavior in the future. The interdisciplinarity (7) nature of the activity may influence future behavior. Interdisciplinarity in teaching may affect a student’s notions and views on chemistry as a field.



	
“—this could be linked to many subjects and why we need such an innovation, or an invention could be linked into many topics. In a sense, it could be linked to consuming, a human’s consumer habits, food production and others, so this activity supports topics that are taught in school—” (I3)






In addition to interdisciplinarity, it was mentioned in the answers that the activity consists of themes from society, industry, and economy. These have been categorized into an upper class labeled as themes (8). Assimilation of these themes is related to aims set by the curriculum, and therefore they are connected to a student’s extrinsic relevance in the present moment, for example, through being successful at school [33]. Another factor that possibly affects being successful at school is the chemistry contents of the activity. Concepts such as hydrogen bonds, organic chemistry, and materials, were mentioned. In addition to the above-mentioned contents, Hernani et al. [16] and Mudzakir et al. [42] have evaluated that the context of ionic liquids enables the integration of, for example, viscosity, carbohydrates, vapor pressure, and acid and base reactions, into teaching. However, in two answers it was highlighted that the activity functions more as an applied addition to chemistry teaching rather than as a general part of topics used in teaching.



	
“Personally, I felt like the work was meaningful, when one knows that the process in question that one has completed, may act as an ecological solution that addresses the growing need for textiles.” (E3)



	
“In the work, I learned new things about chemical work and applications of chemistry, which in my case increase my interest towards chemistry.” (E4)






Personal interest in the topic was supported via selected working methods, a new topic (ionic liquids), and the significance of the topic from the teacher’s viewpoint. Additionally, one interviewee pondered on the fact that one’s own interest is increased by the fact that the context is ahead of its time:




	
“Well, I think that this is an odd topic, because there is a student work on the topic, but the topic isn’t yet as grand in the commercial sense. Usually, student works are made on a topic a little bit later. In a sense, they have been developed after an innovation. That is why I feel that this is perhaps the first student work that is ahead of its time.” (I3)
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Table 4. Perceptions of the activity’s individual relevance.
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	Intrinsic
	Extrinsic





	Present
	Context (1)

Connection to daily life (2)

Laboratory work (3)
	Chemistry content (6)

Working skills (4)

Themes (8)



	Future
	Working skills (4)

Chemistry content (6)

Other working methods (5)
	Working skills (4)

Other working methods (5)

Interdisciplinarity (7)









Vocational Relevance


The data for future chemistry teachers’ perceptions of individual relevance was gathered via interview questions 8 and 9 (see Appendix B) and essays.



The significance of the field of chemistry was highlighted in the activity, and this came up strongly in almost all answers. It was mentioned that the activity brings out the significance of the field rather than giving information on actual professions. Additionally, chemistry’s possibilities to influence were thought of as an important view that was present in the activity. One of the answers mentioned that the activity gives an image especially related to future careers:




	
”From the vocational perspective, the activity may give new perspectives for students regarding future career possibilities.” (E3)








All of these may influence a student’s interest in a profession, which may influence career choices and motivation for studying for a career [33]. Knowledge of careers may also influence working towards a meaningful career.



It was mentioned in an answer that the activity gives information on careers in the field of process chemistry. According to a few answers, the activity highlights the versatility of the field and its possibilities to influence, which was thought to increase understanding and consciousness regarding careers in the field of chemistry.



	
“Students get to physically experience, see and test how many problems can be solved on the level of chemistry in the future. For example, the lack of materials.” (E4)



	
“A practical example of the future of chemical industries supports experienced relevance: if artificial cellulose can address the growth of demand for textiles, what kinds of other global challenges could be solved with chemistry.” (E3)






Some answers included a view on the fact that the activity broadens the image of how a chemical innovation can also affect other careers, such as the clothing industry and trade sector, by producing new commercial materials. Views on the field of chemistry and its significance and relationship with other fields can have a significant effect on students’ attitudes and motivation toward studying a field [33]. Even if a student is not directly interested in a profession in the field of chemistry, understanding the significance of chemistry may motivate them towards studying chemistry, from the viewpoint of having a career in another field [33,34]. In addition, working skills and working methods were thought to increase the knowledge and skills necessary in careers.



	
“Laboratory work shows what kinds of information and skills e.g., a chemist, pharmacist or even a doctor needs in their work.” (E2)






Working skills like laboratory skills, research skills, and information retrieval were especially mentioned. Additionally, understanding the chemistry contents of the activity is important. According to the answers, it is mentioned that the field of chemistry is a very significant field that influences society and the economy. According to the answers, this comes up also in the context of the activity and in the tasks. It was mentioned that in particular the final task offers information on the future and on professions. This supports the activity’s extrinsic future relevance by preparing students for professions that are important for society.



It was certainly more difficult to find vocational relevance in the activity. Factors related to societal and individual relevance were found much more often, and they were discussed in more detail, especially in the essay answers.




Societal Relevance


The activity’s possibilities related to societal relevance were studied with interview questions 10 and 11 (see Appendix B) as well as with the essay answers. The majority of answers were closely related to the significance of the field of chemistry, and chemistry’s possibilities to influence.



Several answers highlighted that the activity has high societal relevance. Respondents experienced that the societal view was especially present in the preliminary and final tasks. Most of the observations related to societal relevance are connected to the future dimension. In addition, many respondents noted that activity acts as an example of how chemistry works in solving societal problems via new innovations.



	
“—in my opinion this reveals specific kinds of innovative solutions that are needed more than ever in the current world.” (I3)



	
“It discusses about synthetic cellulose and how chemistry can help in solving the problem.” (I1)



	
“A practical example of the future of chemical industries supports experienced relevance: if artificial cellulose can address the growth of demand for textiles, what kinds of other global challenges could be solved with chemistry.” (E3)






Several essays pointed out that the societal significance comes up in the activity’s connections to the economy and industry. In particular, the final task of news retrieval may present how new methods of using cellulose will influence Finland’s industry and economy.



	
“News offer a possibility to observe future needs of cellulose fibers as well as their significance economically.” (E6)






Some respondents paid attention to the activity’s themes of food production and the clothing industry and pondered on the societal significance of this. Understanding the significance of the field and influencing possibilities can support societal relevance intrinsically by increasing knowledge of chemistry’s possibilities for solving societal issues. This may also increase interest in societal matters and influence in general, which would strengthen the extrinsic relevance. For example, learning how to be a responsible citizen and developing sustainable lifestyles [49].



All interviewees agreed that the activity might influence students’ appreciation of the field of chemistry if learners understand its societal significance. Appreciation towards the chemistry may have an effect on a student’s values and actions, which in turn has an effect on society and working as an active citizen [49]. This would support extrinsic societal relevance.



Lastly, many respondents highlighted that relevance perspectives depend on the teachers and instructors. A teacher can affect the experienced relevance by highlighting some dimensions more than others.



	
“—In the way in which students think about it and its meaning, I think that the instructor has the responsibility of it. How the instructor instructs and what kinds of examples are introduced during work.” (I3)










6. Conclusions


The main result of this DBR is the context-based laboratory activity based on sustainable chemistry research on ionic liquids. The objective of the designed activity is to support the relevance of chemistry learning through a context-based approach. Therefore, the design was grounded in theoretical frameworks of context-based learning [7,43] and the relevance model [33]. The design process included two cycles and the design solution was iterated via the results of a qualitative case study conducted with future chemistry teachers (see Section 5). According to the case study results, the design solution was clarified by adding captions for pictures and including an explicit description of the activity at the beginning of the activity.



The other main result of the research is that the ionic-liquids context offers great possibilities for supporting relevance and sustainable chemistry education. According to future chemistry teachers, an interesting new context for laboratory learning can increase interest in chemistry studies and the designed learning tasks supported all relevance dimensions.



The insights retrieved from the case study encourage us to conduct further studies with the context. In the future, it would be important to broaden the perspective and study the relevance of ionic liquids as the context for laboratory work with high-school students. In addition, it would be important to explore in-service teachers’ perceptions too. Teachers are the stakeholders that decide what kind of learning materials and contexts will be used in schools. Do chemistry teachers experience ionic liquids as a relevant context for promoting chemistry’s sustainable nature of science to students?
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Appendix A. Description of the Designed Activity


The developed activity can be downloaded from Zenodo as a PDF file: https://doi.org/10.5281/zenodo.6417566.




Appendix B. Interview Questions








	Functionality of the activity

(RQ3a)
	
	
What do you think of the functionality and significance of the preliminary tasks?



	
Are the instructions of the work instruction clear?



	
What do you think of the functionality and significance of the final tasks?



	
How would you develop the activity?








	Individual relevance

(RQ3b)
	
	5.

	
How interesting do you find the context of the activity?




	6.

	
How interesting do you find the context from the viewpoint of upper secondary school students?




	7.

	
Does the activity support topics taught in school?









	Vocational relevance

(RQ3b)
	
	8.

	
Do you think that the activity includes skills required in professions?




	9.

	
Do you think that the activity could influence students’ career choices?









	Societal relevance

(RQ3b)
	
	10.

	
Do you think that the societal significance of chemistry comes up in the activity?




	11.

	
Do you think that the activity could influence a student’s appreciation of the field of chemistry?













Appendix C. Essay Assignment


	
Testing phase




	
Do the preliminary task.



	
Test the practical activity in laboratory.



	
Do the final tasks.








	
Reflection phase






After testing phase think the relevance of the activity from different aspects. Write an essay in which you discuss about:




	
How does the activity support the relevance of chemistry studies from the view of Stuckey et al.’s (2013) relevance models dimensions.



	
What kind of pedagogical possibilities activity’s parts (preliminary task, laboratory phase and final tasks) have? For example, you can reflect your own experiences and perceptions to the curriculum.
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Figure 1. Structure of the conducted DBR. 
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Figure 2. The dimensions of Stuckey et al.’s (2013) relevance model. 
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Figure 3. Overview of the developed activity’s structure. 
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Figure 4. Support for relevance enabled by the design solution (activity), classified according to Stuckey et al.’s [33] dimensions. 
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Table 1. The summary of relevance possibilities of ionic liquids according to the literature review.
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	Intrinsic
	Extrinsic





	Present
	Can be used as a context in teaching many chemistry concepts. (IR)

Sustainable solutions have a strong vocational and societal role. (VR, SR)
	Ionic-liquid solutions contribute to the current sustainable thinking. (SR)

Ionic liquids can be used in teaching the nature of science. (SR)



	Future
	Sustainability know-how may secure a job in the future. (VR)

Ionic liquids may engage societal awareness. (SR)
	Ionic-liquid solutions inspire us to invent more sustainable practices. (SR)
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Table 2. An example of the classification of data.






Table 2. An example of the classification of data.





	Raw Data
	Simplified Expression
	Class
	Components
	Dimension





	It may interest them, especially because of cellulose, as it’s a familiar substance for everyone. (I1)
	Cellulose is interesting because it is familiar
	Context
	Intrinsic

Present
	Individual relevance
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