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In today’s society, digital media play an increasing role in gathering and exchanging information. A growing part of communication takes place in the Internet and many people are increasingly influenced by information provided via digital and social media. Development of critical media literacy is needed, if the general public is expected to effectively deal with this flood of information and to become able to distinguish between correct and false information sources. Thus, critical media education becomes an important aim of education in general, and of chemistry education in particular when considering questions directly related to chemistry and its associated consumer products or technologies. The article describes a curriculum development case study investigating the integration of media education with chemistry learning along the case of learning with and about Internet forums on the topic of water chemistry. A unit integrating theoretical and practical chemistry learning based on student communication is described, which is built around a digital forum operated by Moodle. The unit design and findings from the implementation are presented.
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INTRODUCTION
In today’s developed countries, almost every teenager between the ages of twelve and nineteen has a personal, Internet-enabled mobile phone and uses the Internet on a daily basis (MPFS, 2016). This is why education needs to provide students with critical-thinking skills so that they can safely function in the digital world (Bitkom, 2016). Although performing Internet searches is often viewed as simple and uncomplicated and despite many users’ feelings of security in this area, digital information consumption in the Internet requires sufficient care and specific skills (UNESCO, 2013). Even if search engines provide easy, quick access to information, users need to reflect upon Internet information sources and determine both their reliability and their ulterior motives. Users require skills allowing them to deal with digital information safely, critically, and responsibly. They need a fundamental understanding of how different media offerings work. Students should be concerned about developing critical media literacy skills as they “seek to understand, evaluate, use and create information effectively to achieve their personal, social, occupational and educational goals” (UNESCO, 2011). At the professional level, communication has also become increasingly dominated by the digital media (Donelan, 2014; Li and Greenhow, 2015; Uusiautti and Määttä, 2014). As a result, such media have been suggested as a classroom topic in order to prepare learners for their later professional lives (Krutka and Carpenter, 2016).
Although current digital technologies are almost universally available, there is still debate on how formal education should respond to them (Lewis, 2021). One open question remains as to whether media literacy should be promoted as a self-standing school subject, or should it present a cross-curricular goal for all the school subjects with their various specific approaches to today’s society and the natural world, including science and chemistry education (Belova et al., 2017)? UNESCO (2008) proposes equal inclusion in all school subjects. The inclusion of media literacy in education, however, varies significantly across countries (Anderson et al., 1999). Many teachers express a high degree of uncertainty regarding the use of digital media in the classroom when it comes to developing media literacy in their students (Bingimlas, 2009; Hechter and Vermette, 2013). This is in line with the many controversies surrounding media influence on young people (Bennett et al., 2008) and the use of digital and social media sources in schools (Junco et al., 2011; Mao, 2014). While negative influences on young people may indeed be assumed in such cases, a creative approach to the problem is suggested. This is the only way leading to a critical examination of digital media (Hobbs, 1998). Chang Rundgren and Rundgren (2015) or Reid and Norris (2016) have also suggested more intense examination of the mass media in education in general and for science education in particular. Chang Rundgren and Rundgren (2015) state that “… media is such an important aspect of modern life, especially for young people, that it needs to have consequences also in the science classroom.” They describe a special role for science education when developing critical scientific media literacy. This general claim is valid for all type of media, but challenges science education to take a closer look at digital media, since their influence is continuously growing and they are constantly changing and developing (Hobbs and Jensen, 2009).
This paper describes a curriculum innovation project based on participatory action research (Eilks and Ralle, 2002). The project looks at how the creative application of digital media (in this case digital forums) can be integrated into secondary school chemistry education in order to promote digital media competence. The study analyses the use of digital forums for learning about water chemistry. It circles around the question of whether it is better to drink tap water or bottled (mineral) water. Feedback from both students and teachers is presented in order to recognize potential chances for innovating chemistry education.
BACKGROUND
The Internet provides information in various formats. These include private and corporate websites, wikis, and social media as only a small sample of the total spectrum of possibilities. Internet forums are included among the many formats. Such forums are platforms used to exchange information between geographically separated people. Questions can be posted, answered, shared, or commented upon by other users who are spatially or temporally removed from the inquirer. Discussion threads found in forums often combine questions with facts, personal experiences, opinions, and beliefs. Forums represent a question-and-answer system, which can be used at any time to get quick responses or to comb through earlier responses to and opinions about certain questions. Internet forums belong to the many social media offerings that are defined by the provision and access of information for and by the general public, including the exchange and establishment of relationships (Schmidt and Taddicken, 2017).
There are numerous forums on the Internet. These include general forums open to almost every topic or interest, as well as diverse domain-specific forums. Generally, the number of users in general forums tends to be significantly higher than in most domain-specific forums. In domain-specific forums, however, there is a greater likelihood of users meeting other people with the same interests or professional backgrounds. In a domain-specific forum such as those focusing on chemistry, not only laypersons but also chemistry students, teachers or professors contribute to forum writings. A study in Germany has shown that teenagers between the ages of 12 and 17 have usually know the major general Internet forums in their language, but domain-specific forums in chemistry remain largely unknown to them (Dittmar and Eilks, 2019).
Internet forums provide us with new perspectives for teaching and learning (Liu, 2010; Gikas and Grant, 2013), since information provided can be handled in different ways (Selwyn, 2012). Forums can support learning, since answering questions about teaching problems is no longer dependent on lesson time or the physical presence of the teacher (Uusiautti and Määttä, 2014). After lessons are over, learners can easily discuss or deepen their knowledge of issues which are spatially independent (Schaumburg and Issing, 2004). Knowledge can be developed in interaction with others and contribute to the overall learning process (Brown et al., 1989). In addition to the spontaneous use of forums, the learning process can be supported by various forms of communication which include the views expressed by both layman and experts (Krutka and Carpenter, 2016). Cross-school interactions can also take place (Gikas and Grant, 2013; Mao, 2014), which have already been suggested as one way to strengthen learner engagement in the learning process (Murphy and Lebans, 2008).
Up until now, Internet forums have not been very prominent when considering social media contributions in chemistry education. Dittmar and Eilks (2019) inquired the way that learners deal with Internet forums. The study showed that students are acutely aware of digital online forums. Learners tend to increase their use of digital forums with age. The students, however, expressed a very critical stance towards Internet forums. They were insecure about the reliability of information found in forums, although it has been described in the literature that the overall quality of information located in such forums often is to be considered appropriate (Cole et al., 2016). In the Dittmar and Eilks (2019) study it became quite apparent that most German secondary school students remain passive consumers of Internet forums. Very rarely did they themselves post questions or actively provide comments.
In Internet forums information is put up for discussion in order to inform oneself or to exchange opinions and experiences. Often, a variety of people participate in such discussions and write contributions, whether they are knowledgeable or not. Accordingly, it is not only important that contributions from the media are tested for reliability, but also science as a possible source of information in the media is critically scrutinized (Belova et al., 2015). It is suggested that professional and strategic use of Internet forums can be quite advantageous (Raymond and Moen, 2014). In terms of a creative approach to media literacy in chemistry education (Hobbs, 1998), teaching strategies are needed that actively involve students to foster understanding about the structure and potential of digital media offerings, like digital forums. Also OECD (2005; 2018) calls for interactive use of media so that the learner can keep up with the latest state-of-the-art, use these tools, and deal with them actively.
Internet forums or contributions from Internet forums can be used in a variety of ways for teaching chemistry. In the case of advertising, Belova and Eilks (2015) showed that media entries can be used for an authentic or motivating unit opening, but also for the contextualization of tasks and experimental investigations. The same holds true for digital and social media entries. Offerings in the media can also be used to question the role of science as a source of relevant information in public discussions and to show how science is presented and used in the media. Similar to advertising, these applications can also be carried out with social media in general, and Internet forums in particular (Dittmar and Eilks, 2015). In order to meet the educational requirements of interactive media use (OECD, 2005; 2018), application of digital forums should not stop at merely reading their contributions or with presenting them in class. The OECD (2005) or Reid and Norris (2016) have suggested learning about various media offerings by making active use of them in class. This is why this action research case focused on enriching the pedagogy in science education by making students active users of Internet forums as a contribution to media education to see how students react to it. The question of water quality is used as a case that is scheduled in the regional syllabus for the first year of upper secondary chemistry education. In the regional syllabus, it is suggested to learn, and deepen knowledge from lower secondary education, chemical concepts behind the chemistry of water (e.g., the structure of the water molecule, intra- and intermolecular forces, solubility, dissolved substances in different kinds of water, etc.). Beyond, the syllabus suggests introducing students to ideas of clean water supply and the quality of drinking water. The issue of clean water supply is connected to the question how safe it is to drink tap water in Germany. Tap water in Germany is of very high purity and quality is very much controlled (The Local, 2019). The question leads over to further discussion whether to better consume tap water or buy the by far more expensive bottled water (UBA 2018), a question that is regularly raised in advertising or discussion in the general public. Public discussion takes place both in more conventional media (e.g., The Local, 2019) as well as in social media, such as Internet forums (e.g., gutefrage.net, 2021), where the latter is very prevalent in the media habit of the young generation (Dittmar and Eilks, 2019). The aim of the action research case reported in this paper was to develop a teaching and learning scenario for chemistry education using digital forums for both structuring students’ communication and allowing them to learn about communication in digital forums in the case of learning about water supply and quality. The focus of the research is to better understand how students engage in such an activity and respond to it in terms of their perception and motivation.
METHOD AND SAMPLE
The unit for this study was developed using participatory action research as suggested for chemistry education by Eilks and Ralle (2002). The initial unit was designed by an active chemistry teacher (J.D.) and presented to a group of teachers who have been working on curriculum design and action research for more than 20 years (Eilks, 2018). The design was negotiated and refined in monthly meetings. At the end of the design process, the unit was tested in a total of seven learning groups (age range 15–17). Three tests were carried out in grade-10 comprehensive school chemistry classes (the last year of the lower secondary schooling level); four test runs took place in grade-11 grammar school chemistry courses (the first year of the upper secondary schooling level). A total of 138 students participated in the study (70 female, 66 male, 2 no response). The designer of the unit (J.D.) carried out three of the trial runs herself. The other tests were taken over by teachers in the authors’ wider educational network. One class taught by J.D. was using a second teacher as an observer. Of the other four classes not taught by J.D., all were accompanied and observed by the first author of this study. All data was collected anonymously and on a voluntary base. All legal restrictions on data collections in schools under the regional law for schools were respected.
Feedback from the learners was collected using a questionnaire asking about their perceptions of the unit, similar to the tools used in Marks and Eilks (2010) or Belova and Eilks (2015). The questionnaire recorded information about gender, class level and school type. Questions about student feedback consisted of three open-ended questions and ten Likert items (four step). In the open-ended questions, the learners were first asked what they considered to be essential things that they had learned during the unit. In the other two open-ended questions, the learners were supposed to describe any aspects that they particularly liked (or not). The Likert items focused on the learners’ general perception of the unit. Questions basically referred to perception and motivational issues.
The open-ended questions were analysed using qualitative content analysis according to Mayring (2000). Likert items were subjected to descriptive statistics as suggested for this kind of educational design work, e.g., by Bodner et al. (1999). In the case where a second teacher was present in class, the additional teacher filled out an observation sheet to provide information to triangulate students’ responses. The observation sheet had two foci, namely the students’ behaviour and the how the teaching methodology worked. Four questions focused on student activity in terms of indicators of student engagement, small group interactions, inter-group interactions, and indicators for mutual support. Five questions focussed the methodology, namely on the introduction, technical issues, indicators for students’ perception of the method, students’ behaviour in the final discussion, and suggestions for improvement. This data was also subjected to qualitative content analysis according to Mayring (2000).
Open ended responses reported in this paper were translated by a native speaker who studied both in the United States and Germany. He is now working as an English language and science teacher in a German school for about 15 years.
THE INTERVENTION
The unit is comprised of six lesson periods (45 min each) and has three phases (Table 1).
TABLE 1 | Overview on the unit.
[image: Table 1]The focus of the unit is the chemistry of water, a topic taken from the regional syllabus in northern Germany, which is relevant for the school classes involved. With reference to the socio-critical and problem-oriented chemistry curriculum model (Marks and Eilks, 2009), the unit addressed an authentic and societally relevant question. In most countries of the world, drinking tap water is not recommended because of potential health risks. In many developed countries, however, tap water is of the highest quality. This is the case in Germany. Under German legislation, a distinction is made between five types of drinking water, namely: mineral, medicinal, spring, table, and drinking/tap water. In Germany, drinking water from the tap is at least as strongly regulated as the other four types of water and can be drunk without any risk to human health (UBA, 2018). In Germany, tap water is the safest, most regulated beverage/food product (Tappwater, 2019). Therefore, consumers debate among themselves whether to pay for bottled water or to simply drink tap water, either pure or as carbonated by a soda streaming device. But which measures influence consumers when deciding which type of water to drink? What are the options consumers have to inform themselves? This question concerns, among other factors, issues of personal taste, the degree of mineralization of the water, price considerations, and the environmental aspects of bottling water. The decision is also influenced by the large number of available mineral water brands, with a plethora of different labels and advertising measures on the one hand, and companies actively advertising particular water-filtering or soda streaming devices on the other.
In Germany, public media and advertising offerings ask whether it is better to drink bottled water or tap water in order to influence consumer choice (e.g. The Local, 2019). Both public media and advertising present a variety of promises for both possibilities. Bottled water represents by far the more expensive choice (UBA, 2018). This is why bottled water makes use of advertising promising alleged better taste, claiming high purity, or praising the “naturalness” of the water source. On the Internet, a wealth of websites can be found on which advertisements for different bottled water brands appear and the corresponding aspects of product quality are discussed. The discussion often appears to be supported by seemingly professional scientific information, whereby the distinction between scientifically sound and unsound information often is difficult for consumers to evaluate for themselves.
In the unit presented here, the leading action research teacher (J.D.) decided to focus on Internet forums and to connect them to learning about water chemistry. The idea was that the interaction between smaller cooperative learning groups could take place exclusively via a digital forum (Figure 1).
[image: Figure 1]FIGURE 1 | Interaction forms using the forum-method.
In the preparation phase the students were confronted with the question: “Mineral water or tap water: which is better?” A brainstorming of viewpoints was then carried out, in order to call up students’ prior knowledge and experiences. The learners also reflected upon which criteria might influence a person’s decision. A selection of contributions taken from authentic public Internet forums was then presented to them, which showed different points of view on the topic. This was done to illustrate the authenticity, societal relevance, and versatility of the topic (On the familiarity and perceived reliability of public digital forums to secondary school students see, e.g. Dittmar and Eilks, 2019). Arguments from Internet forum offerings were identified and structured, in order to provide the participants with an overview and to reveal any potential questions. This phase ended with the forming of small groups for cooperative learning and the introduction of a digital forum set up using Moodle. To provide the students a safe space for learning the digital forums were open for each of the learning groups only. They were only accessible by the teacher and each of the classes during the teaching time of the unit. This was justified by the finding that secondary school students generally are reluctant to actively contribute to public forums (Dittmar and Eilks, 2019).
In the second phase of the unit, information was provided by different worksheets and further explored by practical work. Information provided by the different groups was structured to complement the other subtopics (Table 2). Certain tasks in each group were constructed in a way that required gathering information from other groups in order to solve them. The recommendation was made to steer the interconnected exchange of information by posting questions in the forum and asking for answers and suggestions from the other users. The basic chemical knowledge for all of the groups was, however, identical. Students needed to understand water as a polar substance, the dipole nature of the water molecule, the concept of dissolution, and identities of the minerals present in the different sorts of water. Experimental results, tables, and diagrams were also to be used. Internet searches were carried out to determine regional water quality.
TABLE 2 | Group-specific topics of the unit.
[image: Table 2]After the students started working on the material, an initial forum question was posted by the teacher. A fictitious user asked the forum members: “Hello! I drink about 2 L of tap water daily. My neighbour told me that I shouldn’t, because there are no nutrients at all in tap water and it may even be unhealthy. Is this correct? Should I drink mineral water instead? And if so, which one? What things should I pay attention to? Thank you.”
In the thread to the initial question, the cooperative learning groups were asked to bring all of their knowledge to bear and to connect the information coming from different groups together. Since all of the student groups were working on slightly different topics, each was able to contribute different perspectives to the overall question. The goal was to provoke a discussion between the small groups in the forum. Contributions to the forum were to be formulated within the small groups and posted together. The learners were expected to discover that communication in a digital forum is very different from personal, face-to-face communication. Working in the digital forum also aided in the exchange of experimental results with the aid of photos, diagrams, and tables.
In the final phase of the unit, the overall learning process was reflected upon. The focus of the reflection phase was to find out whether one-sided considerations or arguments had been given due to the different viewpoints of the small groups. The students’ learning path was also discussed using the forum thread, which also was provided to the students. In this context, various arguments could be filtered out of the forum thread in order to explain different points of view among the pupils. The final phase was also used to sensitize the students’ concerning their awareness on distinguishing correct and potentially misleading information in digital forums with the aim to contribute to their skills in dealing with digital media safely and responsibly.
FINDINGS AND DISCUSSION
Students’ Feedback in Open Questions
More than half of the learners (N = 86) indicated that the content matter about water chemistry was the most important thing that they had learned during the unit. The students felt that they could understand the differences “between tap water and mineral water, more detailed information on tap water and mineral water, as well as the advantages and disadvantages of tap water and mineral water.” They also felt that they had gaining competency in Internet usage (“it is worthwhile to look at the Internet for a while”). A few learners also stated that they had come to a personal decision on mineral water or tap water (“I got an impression of which water is better or worse for me”). Almost 30% of learners (N = 40) said that they had learned a lot about the contents of mineral water or tap water. They thought that it was important to deal with such issues: “The most important thing for me was the conceptualization of water, what can be in it, and what to look for.” Group-specific topics (regional characteristics of the water supply, water quality, drinking water regulations, water filtering, and water hardness) were mentioned more frequently than the basic chemical properties of water (e.g. molecular structure or particle-particle interactions). This may be an indicator of learners showing more interest in information that is directly related to their everyday lives (Childs et al., 2015). Nevertheless, there were also some students (N = 9) who mentioned basic chemical content, such as the dipole nature of the water molecule, issues of dissolution, and hydration. Aside from the chemistry aspects, several participants also stressed the importance of learning about dealing with Internet forums and critically addressing them: “to discuss topics from forums and to ask questions, how to work with forums, how to use a forum correctly.”
Overall, the feedback from the learners on the unit was quite positive. The majority of the students expressed a positive view of the unit, with almost 60% of learners (N = 81) expressing no criticisms in the open-ended, follow-up question about the unit. The methodology was also generally positively assessed. Almost 40% of the students (N = 44) mentioned the work in the forum as a learning tool: “In my opinion, content can be better understood by Internet forums (simple language, different views, etc.).” The indirect method of communication was perceived to provide more personal freedom in learning. It gave a “relatively large amount of free space to work at one’s own pace and we did not always have to maintain high levels of concentration.” “One was free to work but had rules, nevertheless one could freely decide what to write (within the guidelines) and what one’s own opinion would be.” More than half of the students (N = 63) indicated that they had enjoyed working in small groups, with an emphasis on freedom in working such groups: “I could work by myself, but also exchange information in the group.” This falls in line with previous research on cooperative learning evidencing a wide range of effects on student learning (Lazarowitz and Hertz-Lazarowitz, 1998). Students also had positive views about the practical tasks in combination with working on the computer. Ten percent of the learners (N = 11) also mentioned that they really liked the topic and the related discussions of a relevant, everyday issue: “The everyday topic, the exchange of information via forum, and the final discussion.”
Some methodological (32%, N = 18) and technical issues (18%, N = 10) were negatively mentioned in the feedback. Some students felt overwhelmed (18%, N = 10). Others mentioned individual problems with the group work (18%, N = 10). One critical concern with respect to the digital forum was the waiting time before receiving an answer, as compared to simply asking the teacher for confirmation. In order to shorten the waiting times, it was suggested that the teacher should be more active. Some groups also criticized the fact that “argumentation/discussion between the groups was missing. A kind of personal debate would have been good. There was no real full-group discussion in the forum.” Negative issues pertaining to the method were more prevalent in the 10th grade comprehensive school classes than in the 11th grade grammar school classes. Issues with the method might, however, be reduced by multiple applications of digital forum use in class.
The results from the open-ended questions indicate that digital forums link many motivating teaching elements together. The students felt more in control of their own learning time and could independently decide which tasks are to be worked in which order. The exchange of opinions and experiences made this lesson an especially well-perceived teaching experience: “We dealt with the practical tasks, which were then evaluated. Then we formed our own opinions, which we presented in the forum and we also received different opinions.” Overall, there were no trends observed between male and female students.
Students’ Responses to Likert Items
The generally positive perceptions in the open-ended questions were also mirrored in the Likert items (Figure 2). Although the learner groups were working with digital forums for the first time in class, about 70% (N = 94) expressed a positive attitude towards the approach in the corresponding items 1–10. They wanted to use the approach more often in the classroom. In one item, more than 80% of the students (N = 113) clearly expressed a wish to work with digital forums in class. Discussion (N = 103) and exchange (N = 104) in the digital forum were positively perceived by the majority of students. More than half of the learners (N = 74) perceived the method as supportive of their participation in learning.
[image: Figure 2]FIGURE 2 | Results from the Likert questionnaire (N = 138).
With regard to contributing to critical scientific media education, nearly half of the participants (N = 62) stated that they had developed a more critical view of Internet forums and that they had reflected upon their personal opinion of which type of water to drink. This is only half of the students. It is, however, unclear how much they had thought about the topic before the unit. Generally, many students already assess themselves as being critical towards Internet forums and posts (Dittmar and Eilks, 2019). Therefore, an improvement among half of the students can be considered a success.
Classroom Observations
The classroom observations also support the general positive perceptions of the applied pedagogy. The observers, in the observation sheets, documented a motivating learning atmosphere: “They were curious, because as soon as something new is implemented, the students are usually a bit more alert.” The observations described “a good/high willingness to work, high motivation, students found the topic exciting and easy because it is an everyday issue.” This was supported by ideas that the learners were motivated by the unit opening using authentic forum contributions, which were borrowed from a real forum (gutefrage.net; the largest and most popular Internet forum in German). The learning environment was characterized as providing room for autonomous work among the learners.
The learners seemed to react differently to the Internet forum. Many students seemed to have to familiarize themselves with the technical situation first and apparently “not everyone in the forum was really in it, and the forum was not as familiar to them as everyday business.” It seems that many learners only read in Internet forums and that they were much less familiar with actively contributing to forums, as has been described in Dittmar and Eilks (2019). These learners first approached the forum cautiously and spent a great deal of time in the formulation of any contributions, however, the resistance decreased with time.
Reflections on pro and con arguments from the forum turned out to be difficult for many learners. The students were able to grasp the arguments, but when they “had to reflect upon them again, they had difficulties.” This finding can be attributed to the complexity of evaluating the different water offerings in the Internet: “Moreover, it was difficult for the pupils to accept that there is no final decision for or against a certain type of water.” The learners discussed different topics within their small groups, but their information overlapped with information from other forum groups to only to a certain extent. Each small group had to link their arguments and information. It also had to compare and evaluate their information with regard to the forum posts of other groups. This was viewed as a difficult task for some of the learners.
Concerning the groups’ interactions, the students performed well in small groups as far as it could be seen by observation. Especially at the beginning the students worked with a clear focus. In the forum, however, it was readily observable that the level of interaction needed to be improved. This observation provides a good argument for employing digital forums more often in classroom settings in order to provide chances for students to practice and gain experience: “That argument was not so profound, because they played a lot.” A few learners questioned the forum work and did not understand the reason for implementing the forum pedagogy: “Why do we need the forum at all? We can also talk personally.” Other learners, however, expressed an understanding of why they should work in a forum. They discussed the advantages of communication via forums over longer distances and in the case of spatial separation. Forum communication was considered to be easier to manage with other learning groups in the room.
In the observations the students were described as “thrilled that something else was coming.” The pedagogy was viewed as “already beautiful. I believe they will remember it. This simply motivates them to unpack their mobile phone in class.” However, the learners who accessed the forum via their personal mobile phones did encounter some technical limits, which they stated in the questionnaires. Students’ mobile phones might be better used as a supporting tool only in addition to a laptop computer or tablet. Overall, from the observation it is suggested that the methodology generally had been well received by the learners: “So yes, in the one class it was really good with the forum, mostly because they also reacted outside the classroom. And days later, so it was not only in the break afterwards, but also on the weekend.” However, it is also suggested that digital forum use in class needs to be trained: “The more you use the method, the more you know what is required of you.”
Communication in the Forum Threads
Each learning group created a forum thread. In the course of the various threads, there was a different set of questions, answers and other comments (Table 3). A total of 185 posts were written in the seven forum threads, with an average of 26 entries per learning group (varying from 14 to 46 entries).
TABLE 3 | Distribution of forum posts.
[image: Table 3]Most of the contributions from the learners focused the topic of discussion (71%), either by asking questions (10%) or providing answers (61%). The teachers supported the communication by about 20% of the entries in the means of asking further questions. Other reactions by the learners only occurred in 7% overall. These were comments not directly related to the discussion about the content.
The forum provoked dialogue both between the teacher and the learners and among the learners, with different groups being involved showing the progress in understanding the topic in group 1. The following excerpt from the communication in one of the threads may serve as an example:
Ms. AquaBest (the teacher): Hello! I drink about 2 L of tap water daily. My neighbour told me that I shouldn’t, because there are no nutrients at all in tap water and it may even be unhealthy. Is this correct? Should I drink mineral water instead? And if so, which one? What things should I pay attention to? Thank you.
Group 1: Hello, tap water can be harmful, e.g. if there are still old lead pipes in the house. It is also possible that tap water is contaminated by filters. It is also possible that tap water contains little or no minerals. We would advise you to drink mineral water, as it contains more minerals and helps with deficiency symptoms, but we would recommend drinking mineral water from glass bottles rather than plastic bottles, as plastic bottles contain “plasticizers”, which are suspected to be carcinogenic. Best regards.
Group 2: Dear group 1, on your claim that mineral water is better than tap water because the tap water is polluted by filters, we can refute this argument by saying that tap water is tested for many different substances at any time. #Clean water #InThisSense Sincerely.
Group 1: Hello, the water suppliers are obliged to carry out regular checks to ensure that the legal regulations and limit values ​​are observed. There are limit values for over 40 different substances and parameters. But, are the test criteria clearly defined? Is the Drinking Water Ordinance up-to-date or does it even have gaps? There are neither limit values for drugs and their residues; nor for hormones. This means that many foreign substances are hardly or not at all filtered out.
Source: http://www1.wdr.de/fernsehen/quarks/sendungen/sbtrinken142.html
Here you will find more information. # In this sense, have fun reading Greetings.
35% of the learners’ communication in the seven forums concerned a direct exchange with the teacher. In 38% of the cases another learning group was involved in the discussion. In further 20% of the discussion in the thread more learning groups took part in the communication. In 5% of the communications almost all students were involved (Figure 3).
[image: Figure 3]FIGURE 3 | Part of a forum thread showing a communication involving different student-groups and the teacher (Gruppe, German for group; Frau AquaBest, the teacher).
CONCLUSION
In today’s modern society, contemporary education needs to include digital and social media and the content they represent. Chemistry needs to be part of it to enrich students’ views on the world they live in (Sevian and Bulte, 2015). Such digital and social media education cannot end with merely consuming media or reflecting upon media content. It also needs to shape media creation skills and encourage learners to actively contribute to media offerings (UNESCO, 2011). Such media education is a cross-curricular goal, which every school subject should strive to achieve, including science and chemistry education (Belova et al., 2017). The example described in this paper shows a case study combining chemistry learning with digital media education with the help of digital forums in class. Although there are several limitations in this study, including a purely German background, a specific age level, and just one topic taught, some promising indications were still found. Feedback from students and classroom observations indicate that digital media offerings provide chances for enriched and motivating pedagogies in chemistry teaching. Even this short intervention showed that many students were reluctant to actively contribute to a digital forum in the beginning; they, however, overcame this hurdle in contributing to media with time and practice. It is, however, that further refinement of the lesson plan may help to support higher activity and interaction amongst students. Maybe, this motivates them to become more active in digital forums outside the classroom, too.
More research and curriculum development is needed in this area if we wish to create further examples. This would allow us to gain deeper insights into how digital forums can be used in class and into which teaching and learning effects correspond with student motivation and learning success. From this study it is unclear how much of the findings can be explained by a novelty effect. One teacher, J. D., is using digital forums quite frequently and there seems to be no significant cooling down effect. But, to support this impression further research would be needed. Research also needs to reveal what other digital media offerings can be used in a similar way, especially from the field of social media. Finally, future research may reveal whether continuous and active use of social media in class motivates students to become more actively involved with media. Further studies should also focus on whether or not the use of social media in class promotes critical thinking skills among students. By expanding the described pedagogy to other topics, research might also reveal how much of the perception by the students was caused by the relevant context of water quality and how much by the changed pedagogy based in Internet forums. This would allow us to find out whether learners can better distinguish between media information. Ideally, they should be able to differentiate between media offerings representing mere viewpoints or opinions and those supported by evidence based on scientific facts and theories.
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