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Abstract

:

Citizen science (CS) projects are becoming increasingly popular in schools. They promise to expand knowledge, promote scientific literacy, as well as improve environmental attitudes and behavior. However, studies on the educational potential of CS projects show varying results. These inconsistent findings can be attributed to differences in the design of CS projects. It is assumed that participants who are involved in more phases of the scientific process show greater learning outcomes than participants who are involved in fewer phases. Various models about participation in CS have been developed but have not been thoroughly empirically tested. Therefore, the research question of this study is as follows: How do different participation opportunities influence the educational outcome of CS projects for students? To answer this question, a CS project was carried out with three experimental groups, whereby the participation opportunities were varied, and 199 students were included. The students’ knowledge, attitudes toward science, as well as their environmental attitudes and behavior were evaluated three times (before, shortly after, and 2–3 months after the intervention). The analyses show only minor or no statistically significant influences of the participation opportunities on participants. These results are consistent with studies that also expressed doubts about whether the level of participation determines the educational potential of CS projects.
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1. Introduction


Citizen science (CS) is an approach in which people without institutional ties to science are involved in scientific processes [1]. The participation of these individuals in projects can vary widely—from assisting in data collection to investigating their own questions. For the scientists involved, the CS approach offers the opportunity to collect data over longer periods of time and over a wider geographical area than would be possible for them alone. For the citizens involved, participation in a CS project can be rewarding for several reasons. First, participants may find enjoyment in the work (e.g., birding outdoors). Second, some projects (e.g., eBird, Ornitho), for example, offer to make relevant databases available to their participants. This is so they can decide which birding hotspots to visit next time. Third, all CS projects offer educational potential. For example, CS projects promise to promote participants’ understanding of science through an authentic scientific approach [2,3]. In addition, CS projects that focus particularly on environmental or ecological issues also have a potential impact on environmental constructs such as attitudes toward nature, which plays a crucial role in the education for sustainable development [4,5]. Besides influencing these relevant environmental variables, CS projects have a high additional value in education for sustainable development (especially in terms of ESD 2—learning for sustainable development [6]) due to the (at least potentially) open and participatory approach in CS projects—where authentic, open-ended problems are addressed.



Due to their unique approach and the promise they hold for science education or education for sustainable development, participation in CS projects is increasingly taking place in or through schools [7]. CS projects in the school context differ from other CS projects because participation—if the whole class participates—is not necessarily voluntary for the individual student, and/or it takes place in their free time. While the volunteer participants in a CS project represent a very selective sample in which a high level of interest in the topic and a high level of motivation can be assumed, participating school classes are significantly more heterogeneous regarding these variables, which may impact learning. Nevertheless, CS projects in the school context represent an innovative way through which to integrate authentic science practice in the classroom, which is required by both learning theory [8] and curriculum documents (e.g., [9]).



In view of the potential that CS projects have for the school context, the question arises as to how such CS projects should be designed in order to work well in the school context, which is where the educational potential is especially important. Since there are very different design options in CS projects—especially with regard to the participation opportunities of the participants—and since this results in different educational potentials (see below), we used a quasi-experimental design to analyze what effect differently designed CS projects have on the relevant educational variables among students.




2. Theoretical Background and State of Research


The designs of CS projects are very diverse: there are CS projects in which the participants exclusively collect data, and there are projects in which the participants independently generate and investigate their own research questions. If we want to examine the educational potential of CS projects, we need to distinguish between these different types of CS projects and to link these to learning theory.



2.1. Learning in Different CS Projects


A classification of different designs of CS projects was first described in the model of Bonney and colleagues [10]. This model distinguishes different types of CS projects by taking the level of participation into account: contributory, collaborative, and co-created CS projects. Contributory projects are solely designed by scientists, and the focus is on the data in this type of project. For most projects, this is a traditional top-down approach. As a result, volunteer participation is mostly limited to data collection. In contributory projects, it is assumed that the data quality is high and that the learning effects for the participants are rather low. In collaborative projects, participants are considered assistants to the scientists. In addition to data collection, their tasks sometimes include analyzing the data and contributing to the study design. This is considered to decrease the quality of the data but increase the educational potential. In co-created projects, volunteers and scientists work together as equals. This means that volunteers can participate in all steps of the scientific process, from formulating the research question to discussing the results. The assumption here is that this further reduces the quality of the data collected; however, at the same time, it has the highest learning potential for the participants. This project category often follows a bottom-up process, i.e., the initiative comes from the volunteers. Table 1 shows this typology as based on the steps of the research process.



The typology by Bonney et al. [10] aligns well with the theories on inquiry learning in science education. Chinn and Malhotra [8] distinguish between simple inquiry tasks and authentic scientific investigations for learning in science, and they argue that more cognitively demanding tasks related to inquiry also lead to better learning and understanding of scientific work. Regarding the distinction between simple inquiry tasks and authentic scientific investigations ([8], pp. 180–182), similarities to Bonney’s typology (see Table 1) can be found with regard to the degree of autonomy and involvement in the scientific process. In a few studies on the effect of different designs of CS projects, Bonney’s typology was used to systematically vary the experimental conditions in CS projects [11,12,13]. Here, no effects due to different designs were found, but these were CS projects conducted with citizen volunteers outside the school context.



However, results regarding the learning in regular CS projects are difficult to generalize in the school context. In regular CS projects, people usually participate who already have a high motivation and a high interest in the topic of the CS project. As a result, the participant base tends to be composed of highly educated, highly interested, mostly high-earning, older, white individuals (e.g., [14]). School classes, on the other hand, represent—as already described in the introduction—heterogeneous groups in terms of prior knowledge, interest, motivation, and attitude. Not every student in a class would participate in a CS project of their own accord. Therefore, when carrying out CS projects in a school context, one can assume that the group of participants will be more diverse (at least if whole classes participate in the project). Additionally, with respect to the general goals of school and science education, participating in a CS project should have positive effects on student learning. Therefore, special attention needs to be paid to the question of what impact CS projects have on students, especially when participation in a CS project occurs during school time. When investigating the impact of CS projects on the participants (in particular, the effectiveness regarding the learning of the participants), the question that comes into play is understanding which variables one wants to observe in the participants. In order to show the degree of engagement in CS projects, Bonney and colleagues [2] named various aspects that can be used for this purpose, such as the amount of time spent participating in the project or the number of visits to the project’s website. However, these variables may not be meaningful when examining CS in the school context because, after all, participation in the project takes place in the context of classroom instruction. Moreover, CS projects in the school context focus particularly on educational potential. In order to investigate the extent to which CS projects contribute to the participants’ fundamental understanding of science and thus to the development of scientific literacy [15], variables such as subject knowledge, attitudes toward science and/or the environment, and environmental behavior (especially in the case of environmental or ecological projects), etc., are frequently used in the literature, although these variables might not always be collected simultaneously. Regarding subject knowledge as an outcome of CS projects, we can also distinguish between different types of knowledge: content knowledge, which relates very specifically to the context of the CS project (e.g., knowledge about insects), and the understanding of science or knowledge about science, which is more of an epistemological perspective and is often operationalized as the nature of science (e.g., [16,17]).




2.2. State of Research: Educational Potential of CS Projects


Since the aforementioned variables such as subject knowledge, attitudes toward science, environmental attitudes, and environmental behavior are especially relevant to assess the educational potential of CS projects, we will focus on them in our study and report on the state of research in the following. Furthermore, since there are only a few studies that focus on the school context, we will also draw on the results of regular CS projects here.



Subject knowledge (content knowledge and the understanding of science): Almost all studies on CS projects assess the participants’ knowledge. However, the methodological approach to assessing knowledge is problematic in many studies, e.g., because only self-reports are used (which are not valid in terms of actually capturing knowledge) or only one measurement point is included (and thus no conclusions can be made about the impact of the CS project) [18]. Due to this, the research on the impact of CS projects on knowledge is not consistent. We have found studies that both show that participants’ knowledge increases and studies that show the CS project had no effect on knowledge. When knowledge is divided more precisely into content knowledge on the one hand, and understanding of science on the other, an inconsistent pattern also emerges. Almost all studies on CS projects argue for an increase in the content knowledge of participants (e.g., knowledge about insects) (including [19,20,21,22,23,24,25]). Additionally, several intervention studies can demonstrate an increase in participants’ content knowledge [3,4,26,27,28,29]. Regarding understanding of science, Trumbull et al. [30] used an analysis of 750 letters and feedback to show that 78% of participants thought and acted scientifically; thus, they concluded that CS projects promoted science literacy. Evans et al. [20] conducted 45 interviews and written surveys of participants in a monitoring project on birds and did not find any advancement on understanding of the scientific method. They were nevertheless able to measure an increase in content knowledge. Similar results were found in an online survey with self-reported questions [31], showing a slight increase in content knowledge but no change in understanding of science. Studies using a pre-post-test design do not reach a consistent conclusion: three out of six intervention studies found an increase in the participants’ understanding of science [27,32,33].



Attitudes toward science: Regarding attitudes toward science, different studies show different results regarding the influence of CS projects. More positive attitudes toward science were found by Krach et al. and Price and Lee [27,33], whereas Brossard et al. and Crall et al. [3,28] did not find changes in participants’ attitudes. Haywood et al. [19] found, through a written survey and interviews, that the value of science to respondents increased as a result of their participation in CS projects. For Krach et al. [27], the interest in science careers increased 50% for students, among others. For Vitone et al. [34], however, CS projects on insects did not increase confidence in, nor interest in, science among college students.



Environmental attitudes: Studies investigating environmental attitudes also show inconsistent results [35]. For example, two of the intervention studies show an improvement in the environmental attitudes of participants [26,27], whereas two of the studies could not detect any changes in attitudes [3,28]. Furthermore, environmental attitudes increased in 50% of the participants in eight different CS projects [5]. Druschke and Seltzer [22], on the other hand, found no change in attitudes when evaluating a CS project on bees.



Environmental behavior: Results on environmental behavior show a nearly consistent picture across intervention studies. Participants report behaving as more environmentally aware of the context of, for example, invasive plant species, after participation in the CS project [26,27,28]. Cosquer et al. [21] also showed in their interview study that participants behave more environmentally aware. Druschke and Seltzer [22] were unable to detect any change in participants’ environmental behavior.



Studies in the school context show comparable results to the studies in the informal education context. Ballard et al. [36], in their study of two CS projects (LiMPETS (coastal protection in California) and in EBAYS (water and air pollution)), showed that students’ environmental awareness and knowledge increased. Both Kelemen-Finan et al. [7] and Poppe et al. [29] found that students enjoyed direct nature experiences and fieldwork the most as they found them the most interesting, thus their motivation was the highest there. The study by Kountoupes and Oberhauser [37] also confirmed that the children and adolescents had the most fun and enjoyment working outside, and that they shied away from work such as data entry on a PC. This is also consistent with statements from other CS projects, where participants prefer the hands-on work and prefer to leave the theoretical work to the scientists [38].



Overall, many of the studies on CS projects have some limitations: Research on CS is still very focused on single cases without experimental designs [3,25,39,40,41]. This limits the interpretability of their results and conclusions for project design. An exception here are the studies by Brossard and colleagues [3], which used a control group, and Crall et al. and Cronje et al. [28,32], both of which had a control group and implemented an experimental setting on the effect of training in the context of CS. There is also a trend in recent studies to turn more to experimental setups [11,12,13,42]. Furthermore, many measurement instruments were developed by the research team specifically for the CS project in question (including [27,34]). Accordingly, the validity of the measurement instruments is often unclear. Furthermore, the school context has also been mostly neglected to date [43].



In summary, studies show an inconsistent picture regarding the educational potential for the participants of CS projects. For educational potential, there are studies that both empirically show a promotion in the respective potential through CS and studies that do not support this promotion. The reasons for these inconsistent results may lie in the different design of each CS project (what kind of project leads to a further development of competencies among participants?), but also in different methodologies or in different methods, e.g., how the relevant variables are captured in different ways, which makes it difficult to compare results across different studies.





3. Research Questions


The studies on the effects of CS projects on participants show diverse and sometimes contradictory results. These diverse results are often justified by the different design of CS projects (e.g., according to Bonney’s typology, see Table 1). However, empirical confirmation of this relationship has been lacking, with initial empirical findings finding no evidence for this relationship [11,12] and a few articles contradicting the model’s proposition without empirical findings [43,44]. However, these initial empirical results were related exclusively to CS projects outside of the school context. Therefore, this work aims to answer the following guiding question within a quasi-experimental design: How do different participation opportunities in a CS project influence the educational outcomes for students in a school context? This question was divided into the following research questions:




	
Which level of participation opportunity has the greatest influence on the content knowledge and understanding of science?



	
Which level of participation opportunity has the greatest influence on attitudes toward science?



	
Which level of participation opportunity has the greatest influence on environmental attitudes?



	
Which level of participation opportunity has the greatest influence on environmental behavior?








In line with the model by Bonney and colleagues, as well as Jordan et al. [10,45], it is hypothesized that educational potential is higher in a high-participation project than in a low-participation project.



H1: 

Content knowledge MContributory < MCollaborative < MCo-created.





H2: 

Understanding of science MContributory < MCollaborative < MCo-created.





H3: 

Attitudes toward science MContributory < MCollaborative < MCo-created.





H4: 

Environmental attitudes MContributory < MCollaborative < MCo-created.





H5: 

Environmental behavior MContributory < MCollaborative < MCo-created.





In addition, different methodological approaches (e.g., the assessment of relevant variables) make it difficult to compare the results of different studies. Therefore, in our study, we rely on well-known instruments that have already been validated in other contexts.




4. Materials and Methods


A quasi-experimental design with three experimental groups (Contributory, Collaboration, and Co-created) and three measurement times (pre-, post-, and follow-up test). The intervention was implemented within the CS project QueichNET. Within QueichNET, the students from secondary schools in Germany studied the water quality of the Queich (a river that runs through the Rhineland–Palatinate region).



4.1. Research Design


The three experimental groups (EG) are distinguished by the different involvement of the participants in the scientific process, and were designed according to the participation levels described in [10,46] (see Table 1). The intervention consisted of seven modules each, which were carried out by the teachers, and one workshop, which was carried out by the first author (see Table 2). Each teacher was provided with a module manual—which included procedures, worksheets, and an extended class book—to ensure the independent implementation of each module and to document any changes and incidents during the intervention. The teachers did not make use of the documentation in the extended class book. However, after the project was completed, the teachers confirmed that they had carried out the modules as intended and that no deviations had occurred. Within the workshop led by the first author, the students learned to determine water quality theoretically and practically.



Within the project, the EG “Contributory” focused intensely on data collection. The students collected data on water quality at various locations along the Queich. Participants in this EG only descriptively evaluated their own research sites, which is where they had collected water quality data. The students worked without hypotheses. The EG “Collaboration” participated in the development of the study design (3b), data collection (4b and 5b), the analysis and interpretation of the data (6b), and the dissemination of the results (7b). The students additionally learned about the hypotheses that were to be tested. In the EG “Co-created”, the students collaborated in all steps of the scientific process from the research question to discussion. The students came up with their own hypotheses about the water quality of the Queich.



Due to the organizational aspects that were present in cooperation with the schools, the students could not be randomly assigned to the experimental groups individually; instead, whole classes were assigned to the experimental groups. Accordingly, the internal validity of this study is limited. However, a high external and ecological validity can be assumed since the study takes place in the field.




4.2. Instruments


Directly before the start of the project, as well as directly at the end of the project and two to three months after the end of the project, the students filled out a questionnaire. The questionnaire contained scales on the variables of interest in this study (see Table 3). We also included a short scale on motivational aspects to capture the motivational effects of project participation (but only in the post-test). Since our project is a CS project in a school context, the voluntary nature of participation in the project cannot be directly compared to other CS projects (where participants are highly motivated on their own).



The validity and reliability of the used scales have already been established in other studies, which is why we assumed that they are also sufficiently valid and reliable in our study. Reliability was checked again in our study and is given for each scale in the results section. To operationalize the students’ understanding of science, we used an instrument to assesses the students’ views on the nature of science, as pointed out in Section 2.1.




4.3. Statistical Analyses and Sample


The student data were analyzed using SPSS and an analysis of variance across three measurement time points (with a significance level of α = 0.05). We calculated the sum scores for the content knowledge measure and means on each scale of the questionnaire. To obtain a comprehensive picture of the variables regarding the understanding of science (operationalized as the nature of science) and self-reported environmental behavior, analyses were conducted across all items rather than separately in subscales. We planned the sample size with gPower, assumed a usual significance level of p = 0.05, and a test power of 0.80 for (rm)ANOVA, as well as a small effect size. On this basis, the sample should include 204 students.



The sample consisted of 199 students (53.8% female) who participated in 2018 and 2019, which were split across 12 classes (grade 7–grade 12) and 6 schools. For the calculation of the (rm)ANOVA, however, the sample was reduced because some students did not participate at all measurement time points, and a few did not answer all questions (but this was seldom the case). The presence of missing values could be attributed to absent students (e.g., due to illness); as such, the missing values were completely at random and not related to the variables of interest. We therefore decided to exclude the students in question from the analyses. Between 150 to 156 subjects could be included in the analyses. The students were distributed across the three experimental groups as follows: contributory n = 52 (19 females—grade 7 28.8%, grade 9 30.8%, and grade 12 40.4%), collaboration n = 61 (38 females—grade 7 21.3%, grade 9 27.9%, grade 10 13.1%, and grade 12 37.7%), and co-created n = 43 (31 females—grade 9 44.2% and grade 12 55.8%).





5. Results


The analyses of the influence of participation opportunities on subject knowledge (content knowledge and understanding of science, i.e., NOS), attitudes toward science, environmental attitudes, and environmental behavior are reported below.



5.1. Subject Knowledge


The results for the students’ content knowledge and understanding of science (i.e., NOS) are shown in Table 4. The students’ content knowledge on water quality increased significantly over the project period (main effect of time, Huyn-Feldt: F(1.96, 300.20) = 77.73, p < 0.001, partial η2 = 0.34, indicating a large effect). The interaction effect did not reach statistical significance (interaction effect, Huyn-Feldt: F(3.92, 300.30) = 0.44, p = 0.78, partial η2 = 0.01), indicating that all of the students learned about water quality regardless of which experimental group they were assigned to. When turning to the students’ understanding of science (i.e., NOS), similarly, we do not find a significant interaction between the experimental group and measurement time (Huyn-Feldt: F(3.75, 283.13) = 3.02, p = 0.41, partial η2 = 0.01). However, we did find a significant small-to-medium main effect of time (F(1.88, 283.13) = 8.42, p < 0.001, partial ƞ2 = 0.05)—this meant that all students learned about NOS regardless of the experimental group.




5.2. Attitudes toward Science


The attitudes toward science were measured with three subscales: enjoyment and interest in science, the general value of science as seen by the students, and future-oriented science-related motivation (see Table 5).



In the EG Collaboration, enjoyment and interest in science increased slightly from pre- to post-test, while in the EG Contributory and EG Co-created, enjoyment and interest decreased over the project period (interaction effect: F(4, 300) = 2.54, p = 0.004, partial η2 = 0.03). This influence of the EG was only statistically significant in the short term from pre-test to post-test (F(2, 150) = 4.08, p = 0.02, and partial η2 = 0.05), and not in the long run.



The general value students place on science significantly decreases statistically across the measurement time points (main effect of time, F(2, 298) = 3.84, p = 0.02, partial η2 = 0.03). Both the attitude change from pre- to post-test (F(1, 149) = 6.27) and from pre- to follow-up test (F(1, 149) = 5.51) were significant (p < 0.05). We found no interaction effect (F(4, 298) = 0.88, p = 0.48, partial η2 = 0.01), thus indicating that the experimental group did not affect the students differently.



The students’ future-oriented science-related motivation did not change significantly over the project period (main effect of time, Huyn-Feldt F(1.97, 290.08) = 0.17, p = 0.84, partial η2 = 0.00), and the EGs also had no significant effect on this variable (interaction effect, Huyn-Feldt: F(3.95, 290.08) = 0.77, p = 0.55, partial η2 = 0.01).




5.3. Environmental Attitudes


Results on the students’ environmental attitudes in terms of the utilization of nature or the preservation of nature are presented in Table 6. They did not change significantly depending on the experimental groups (utilization, interaction effect, Huyn-Feldt: F(3.18, 241.73) = 1.66, p = 0.17, partial η2 = 0.02; preservation, interaction effect, Huyn-Feldt: F(3.91, 297.42) = 1.74, p = 0.14, partial η2 = 0.02). There was also no statistical evidence of an effect of time (utilization, Huyn-Feldt: F(1.59, 241.73) = 2.53, p = 0.09, partial η2 = 0.02; preservation, Huyn-Feldt: F(1.96, 297.42) = 0.34, p = 0.71, partial η2 = 0.00). All in all, the students’ environmental attitudes remained relatively constant.




5.4. Environmental Behavior


Results on the students’ environmental behavior are shown in Table 7. It was not affected differently by the experimental groups that the students were assigned to (F(4, 304) = 1.27, p = 0.28, partial η2 = 0.02). However, the students’ environmental behavior significantly improved over the project period (F(2, 304) = 11.20, p < 0.00, partial η2 = 0.07). The change from pre-test to post-test was not significant, but the change from pre-test to follow-up test was (F(1, 152) = 19.55, p = 0.00, partial η2 = 0.11).




5.5. Motivation


The results on the students’ motivation during the project, which we only assessed in the post-test, are shown in Table 8. We did find a statistically significant difference in how the participants perceived pressure or strain during the project (F(2, 164) = 3.52, p = 0.03, partial η2 = 0.04). In the EG Collaboration, the perceived pressure was significantly lower than in the EG Contributory and EG Co-created. In all other motivational aspects, there were no differences between the groups.





6. Discussion


We hypothesized, in line with the model by Bonney et al. [10] and with the theories on learning during inquiry tasks in science [8], that a higher level of participation opportunities in a CS project would lead to higher educational benefits for the participants. Our empirical findings do, however, not support this assumption. Of all the variables we examined, only the subscale enjoyment and interest in science (attitudes toward science) was influenced by the experimental groups. However, contrary to our hypotheses that higher levels of participation are associated with higher educational potential, the participants in the group with an intermediate level of participation opportunities benefited the most (in the sense that they reported higher enjoyment and interest in science).



With regard to the effects of different levels of participation opportunities, our results are in line with other studies [11,12,13,38,43,44,53], which also found no differences in the educational potential between the different forms of participation that correspond with the model by Bonney et al. [10]. These authors suggest that the levelsof participation are not necessarily essential for the educational potential of CS projects, but that other variables and factors play a more decisive role, such as the motivation of the participants and the consistency of participation in the project. Since the CS project studied here was situated in a formal educational context, i.e., a school, further investigation of the motivational factors seems particularly promising. In fact, for this reason, we collected motivational data regarding the work in the project. In general, there were almost no differences in the reported motivations between the different groups. Only the subscale of perceived pressure varied significantly between the experimental groups. The EG Collaboration showed a lower perceived pressure than the other two experimental groups. This means that, when regarding motivational aspects, the group with an intermediate level of participation opportunities shows the most favorable characteristics for learning. Nevertheless, further analysis is needed, particularly with regard to the initial motivation for participating in a project (i.e., motivation or interest before the project begins) and how motivation changes as a result of the work and tasks involved in the project. In this regard, there are some studies that report that the students particularly enjoyed working in the field [11,13,29,36]. Philipps et al. [53] also indicated that participants prefer to take on easier tasks and leave the more difficult tasks to the scientists. Taken together, this could indicate that the students perceived the practical work in the field, in particular, as formative and that the other work was less enjoyable for them, such that their learning was also influenced by this. Thus, the middle level of participation opportunities (EG Collaboration) can represent the middle ground, which is neither over demanding nor under demanding for the participants (see also [54,55]). However, this needs to be explored in more detail in further studies, which may include additional interviews with participants to validate their perceptions of the different steps and tasks of the CS project.



Regardless of the participation opportunities, all participants in the CS project have acquired content knowledge and knowledge about science (i.e., NOS) over time. This finding is in line with other studies [27,32,33]. In addition, the students’ general environmental behavior also improved at the follow-up test 2–3 months later, and this was similar to the results of other studies (e.g., [21,26,27,28]). This fact means that we did find positive changes that occurred over time of the CS project.



However, when turning to the attitudes of participants, the picture is not quite so clear. In terms of the general value that participants attribute to science, we found a negative effect, although it is not particularly large. Druschke and Selzer [22] also report negativeeffects on students’ attitudes, although they were not statistically significant. We can only speculate about the reason why we found a negative effect in our project. A possible explanation would be that the students may have had an inaccurate idea of scientific work before the project and that they adjusted their attitude somewhat due to the insight into scientific work during the project. Additionally, the effects seem to be strongest, although not significant, in the Co-created group, so the students may have been overwhelmed with the more difficult tasks in this group. Nevertheless, this result is contrary to the intention of CS projects. Although the limitations of the study (see below) make the interpretation difficult, it may be valuable to approach this phenomenon more closely as negative effects have not yet been reported so frequently in the CS project literature. The participants’ environmental attitudes were not influenced by the CS project and remained relatively constant. In other studies, we also did not find effects of CS projects on the participants’ attitudes (e.g., [3,28]). This could be due to the fact that attitudes are relatively stable constructs [56], and the interventions may not address them properly.



Research on CS is a young and rapidly developing field of research. However, the educational potential of CS, in particular, is often neglected. There is a lack of systematic and comparative studies [40], which we have tried to address with our study. In order to arrive at a more comprehensive research picture of CS, CS projects should therefore be examined in terms of which factors are decisive in determining educational potential. Based on empirical comparative studies, the factors and structures that condition and promote successful learning in CS can be identified. This is especially important for CS projects that are implemented in formal educational settings, such as schools. For CS project organizers, the inclusion of formal educational institutions offers the opportunity to diversify the participant base and attract a broader audience that may wish to volunteer in the CS project. Within this study, integrated secondary schools, high schools, and private schools were all attracted to the CS project, and many students participated in the CS project who had never had contact with universities or science before. The latter is particularly relevant with regard to education for sustainable development [14], as the integration of CS in schools can reach many people who would otherwise not participate in a CS project on ecological or environmental issues in their free time.




7. Conclusions


In summary, we can conclude—by drawing on the results of other studies as well as the results in this study—that the level of participation opportunities in citizen science projects is probably not the decisive factor that influences educational potential. Other factors seem to be more decisive, e.g., the duration of participation or the motivation of the participants. For both informal and formal education, it is relevant how the different science tasks within a CS project are structured and adapted to the target group in order to avoid over and under challenging the participants. In the school context, this is particularly enabled by integrating the project in the classroom by linking it to the science curriculum, and by providing targeted preparation and follow-up.




8. Limitation


The validity of our study is affected by some limitations, which we would like to address in the following section. The first limitation is low test power in the hypothesis testing. A total of 199 students participated in the intervention, and this corresponded with the previously determined sample size that was obtained via gPower. However, experimental mortality was high at 25%; thus, only 156 students could be included in the analyses, thus resulting in low test power. This must be considered when interpreting the findings. In addition, the students could not be assigned to the three experimental groups in a completely randomized manner due to organizational conditions. A randomized assignment of whole-class groups was carried out, which—however—resulted in a cluster sample. The instruments used in this study were already used in other studies with students, and their validity was shown but not specifically in the CS context. Nevertheless, we assume that our study can make a significant contribution to the clarification of the conditional determinants for the educational potential of CS projects.







Author Contributions


Conceptualization, J.B. and S.N.; methodology, J.B. and S.N.; validation, J.B. and S.N.; formal analysis, J.B.; investigation, J.B.; resources, S.N.; data curation, J.B.; writing—original draft preparation, J.B. and S.N.; writing—review and editing, S.N.; visualization, S.N.; supervision, S.N.; project administration, S.N.; funding acquisition, S.N. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Ministerium für Klimaschutz, Umwelt, Ernährung und Mobilität Rheinland-Pfalz (MKUEM), grant Forschungskooperation MKUEM und EERES (Universität Koblenz-Landau).




Institutional Review Board Statement


The study was approved by the Institutional Review Board (or Ethics Committee) of Aufsichts- und Dienstleistungsdirektion Rheinland-Pfalz (ADD) on 26 June 2018.




Informed Consent Statement


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




Data Availability Statement


The data presented in this study are available on request from the corresponding authors. The data are not publicly available as they are currently being used as the basis for other publications.




Acknowledgments


We would like to thank Tanja J. Joschko and Ralf Schulz (Eusserthal Ecosystem Research Station, RPTU Kaiserslautern-Landau, Birkenthalstrasse 13, D-76857, Eußerthal, Germany; iES Landau, Institute for Environmental Science, RPTU Kaiserslautern-Landau, Fortstrasse 7, D-76829 Landau, Germany) for their support in QueichNet. We would also like to thank Lara Trani for her assistance in revising the manuscript.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Haklay, M.; Dörler, D.; Heigl, F.; Manzoni, M.; Hecker, S.; Vohland, K. What Is Citizen Science? The Challenges of Definition. In The Science of Citizen Science; Vohland, K., Land-Zandstra, A., Ceccaroni, L., Lemmens, R., Perelló, J., Ponti, M., Samson, R., Wagenknecht, K., Eds.; Springer International Publishing: Cham, Switzerland, 2021; pp. 13–33. ISBN 978-3-030-58277-7. [Google Scholar]

	



Bonney, R.; Cooper, C.B.; Dickinson, J.; Kelling, S.; Phillips, T.; Rosenberg, K.V.; Shirk, J. Citizen Science: A Developing Tool for Expanding Science Knowledge and Scientific Literacy. BioScience 2009, 59, 977–984. [Google Scholar] [CrossRef]

	



Brossard, D.; Lewenstein, B.; Bonney, R. Scientific Knowledge and Attitude Change: The Impact of a Citizen Science Project. Int. J. Sci. Educ. 2005, 27, 1099–1121. [Google Scholar] [CrossRef]

	



Branchini, S.; Meschini, M.; Covi, C.; Piccinetti, C.; Zaccanti, F.; Goffredo, S. Participating in a Citizen Science Monitoring Program: Implications for Environmental Education. PLoS ONE 2015, 10, e0131812. [Google Scholar] [CrossRef] [PubMed]

	



Chase, S.K.; Levine, A. Citizen Science: Exploring the Potential of Natural Resource Monitoring Programs to Influence Environmental Attitudes and Behaviors: Citizen Science: Attitude and Behavior Change. Conserv. Lett. 2018, 11, e12382. [Google Scholar] [CrossRef]

	



Vare, P.; Scott, W. Learning for a Change: Exploring the Relationship Between Education and Sustainable Development. J. Educ. Sustain. Dev. 2007, 1, 191–198. [Google Scholar] [CrossRef]

	



Kelemen-Finan, J.; Knoll, C.; Pröbstl-Haiser, U. Amateur monitoring as a contribution to environmental education among young people: Citizen Science—Totally cool or just silly? Naturschutz Landschaftsplan. 2013, 45, 171–176. (In German) [Google Scholar]

	



Chinn, C.A.; Malhotra, B.A. Epistemologically Authentic Inquiry in Schools: A Theoretical Framework for Evaluating Inquiry Tasks. Sci. Educ. 2002, 86, 175–218. [Google Scholar] [CrossRef]

	



National Academies. Next Generation Science Standards: For States, by States; National Academies Press: Washington, DC, USA, 2013; p. 18290. ISBN 978-0-309-27227-8. [Google Scholar]

	



Bonney, R.; Ballard, H.; Jordan, R.; McCallie, E.; Phillips, T.; Shirk, J.; Wilderman, C.C. Public Participation in Scientific Research: Defining the Field and Assessing Its Potential for Informal Science Education. A CAISE Inquiry Group Report; Center for Advancement of Informal Science Education: Washington, DC, USA, 2009. [Google Scholar]

	



Bruckermann, T.; Greving, H.; Stillfried, M.; Schumann, A.; Brandt, M.; Harms, U. I’m Fine with Collecting Data: Engagement Profiles Differ Depending on Scientific Activities in an Online Community of a Citizen Science Project. PLoS ONE 2022, 17, e0275785. [Google Scholar] [CrossRef]

	



Greving, H.; Bruckermann, T.; Schumann, A.; Straka, T.M.; Lewanzik, D.; Voigt-Heucke, S.L.; Marggraf, L.; Lorenz, J.; Brandt, M.; Voigt, C.C.; et al. Improving Attitudes and Knowledge in a Citizen Science Project about Urban Bat Ecology. Ecol. Soc. 2022, 27, art24. [Google Scholar] [CrossRef]

	



Mady, R.P.; Phillips, T.B.; Bonter, D.N.; Quimby, C.; Borland, J.; Eldermire, C.; Walters, B.T.; Parry, S.A.; Chu, M. Engagement in the Data Collection Phase of the Scientific Process Is Key for Enhancing Learning Gains. Citiz. Sci. Theory Pract. 2023, 8, 14. [Google Scholar] [CrossRef]

	



Sauermann, H.; Vohland, K.; Antoniou, V.; Balázs, B.; Göbel, C.; Karatzas, K.; Mooney, P.; Perelló, J.; Ponti, M.; Samson, R.; et al. Citizen Science and Sustainability Transitions. Res. Policy 2020, 49, 103978. [Google Scholar] [CrossRef]

	



Gräber, W.; Nentwig, P.; Becker, H.-J.; Sumfleth, E.; Pitton, A.; Wollweber, K.; Jorde, D. Scientific Literacy: From Theory to Practice. In Research in Science Education—Past, Present, and Future; Behrendt, H., Dahncke, H., Duit, R., Gräber, W., Komorek, M., Kross, A., Reiska, P., Eds.; Kluwer Academic Publishers: Dordrecht, The Netherlands, 2002; pp. 61–70. ISBN 978-0-7923-6755-0. [Google Scholar]

	



Lederman, N.G. Nature of Science: Past, Present, and Future. In Handbook of Research on Science Education; Routledge: Abingdon, UK, 2007; ISBN 978-0-203-82469-6. [Google Scholar]

	



Urhahne, D.; Kremer, K.; Mayer, J. Conceptions of the Nature of Science—Are They General or Context Specific? Int. J. Sci. Math. Educ. 2011, 9, 707–730. [Google Scholar] [CrossRef]

	



Finger, L.; Van Den Bogaert, V.; Sommer, K.; Wirth, J. What Do We Know about the Effects of Citizen Science on Participants’ Knowledge? In Proceedings of the Austrian Citizen Science Conference 2022—PoS(ACSC2022), Dornbirn, Austria, 28–30 June 2022; Sissa Medialab: Dornbirn, Austria, 2023; p. 14. [Google Scholar]

	



Haywood, B.K. Beyond Data Points and Research Contributions: The Personal Meaning and Value Associated with Public Participation in Scientific Research. Int. J. Sci. Educ. Part B 2016, 6, 239–262. [Google Scholar] [CrossRef]

	



Evans, C.; Abrams, E.; Reitsma, R.; Roux, K.; Salmonsen, L.; Marra, P.P. The Neighborhood Nestwatch Program: Participant Outcomes of a Citizen-Science Ecological Research Project. Conserv. Biol. 2005, 19, 589–594. [Google Scholar] [CrossRef]

	



Cosquer, A.; Raymond, R.; Prevot-Julliard, A.-C. Observations of Everyday Biodiversity: A New Perspective for Conservation? Ecol. Soc. 2012, 17, 2. [Google Scholar] [CrossRef]

	



Druschke, C.G.; Seltzer, C.E. Failures of Engagement: Lessons Learned from a Citizen Science Pilot Study. Appl. Environ. Educ. Commun. 2012, 11, 178–188. [Google Scholar] [CrossRef]

	



Fernandez-Gimenez, M.; Ballard, H.; Sturtevant, V. Adaptive Management and Social Learning in Collaborative and Community-Based Monitoring: A Study of Five Community-Based Forestry Organizations in the Western USA. Ecol. Soc. 2008, 13, 4. [Google Scholar] [CrossRef]

	



Sickler, J.; Cherry, T.M.; Allee, L.; Smyth, R.R.; Losey, J. Scientific Value and Educational Goals: Balancing Priorities and Increasing Adult Engagement in a Citizen Science Project. Appl. Environ. Educ. Commun. 2014, 13, 109–119. [Google Scholar] [CrossRef]

	



Toomey, A.H.; Domroese, M.C. Can Citizen Science Lead to Positive Conservation Attitudes and Behaviors? Hum. Ecol. Rev. 2013, 20, 50–62. [Google Scholar]

	



Jordan, R.C.; Gray, S.A.; Howe, D.V.; Brooks, W.R.; Ehrenfeld, J.G. Knowledge Gain and Behavioral Change in Citizen-Science Programs. Conserv. Biol. 2011, 25, 1148–1154. [Google Scholar] [CrossRef]

	



Krach, M.L.; Gottlieb, E.; Harris, E. Citizen Science to Engage and Empower Youth in Marine Science. In Exemplary Practices in Marine Science Education; Fauville, G., Payne, D.L., Marrero, M.E., Lantz-Andersson, A., Crouch, F., Eds.; Springer International Publishing: Cham, Switzerland, 2019; pp. 417–435. ISBN 978-3-319-90777-2. [Google Scholar]

	



Crall, A.W.; Jordan, R.; Holfelder, K.; Newman, G.J.; Graham, J.; Waller, D.M. The Impacts of an Invasive Species Citizen Science Training Program on Participant Attitudes, Behavior, and Science Literacy. Public Underst. Sci. 2013, 22, 745–764. [Google Scholar] [CrossRef] [PubMed]

	



Poppe, M.; Zitek, A.; Scheikl, S.; Preis, S.; Mansberger, R.; Grillmayer, R.; Muhar, S. Identifying cause-and-effect relations in river landscapes: Conveying interdisciplinary knowledge in schools to promote sustainable river landscape management. Österr. Wasser. Abfallw. 2013, 65, 429–438. (In German) [Google Scholar] [CrossRef]

	



Trumbull, D.J.; Bonney, R.; Bascom, D.; Cabral, A. Thinking Scientifically during Participation in a Citizen-Science Project. Sci. Educ. 2000, 84, 265–275. [Google Scholar] [CrossRef]

	



Land-Zandstra, A.M.; Devilee, J.L.A.; Snik, F.; Buurmeijer, F.; van den Broek, J.M. Citizen Science on a Smartphone: Participants’ Motivations and Learning. Public Underst. Sci. 2016, 25, 45–60. [Google Scholar] [CrossRef]

	



Cronje, R.; Rohlinger, S.; Crall, A.; Newman, G. Does Participation in Citizen Science Improve Scientific Literacy? A Study to Compare Assessment Methods. Appl. Environ. Educ. Commun. 2011, 10, 135–145. [Google Scholar] [CrossRef]

	



Price, C.A.; Lee, H.-S. Changes in Participants’ Scientific Attitudes and Epistemological Beliefs during an Astronomical Citizen Science Project. J. Res. Sci. Teach. 2013, 50, 773–801. [Google Scholar] [CrossRef]

	



Vitone, T.; Stofer, K.; Steininger, M.S.; Hulcr, J.; Dunn, R.; Lucky, A. School of Ants Goes to College: Integrating Citizen Science into the General Education Classroom Increases Engagement with Science. J. Sci. Commun. 2016, 15, A03. [Google Scholar] [CrossRef]

	



Gommerman, L.; Monroe, M.C. Lessons Learned from Evaluations of Citizen Science Programs; School of Forest Resources and Conservation, Florida Cooperative Extension Service, Institute of Food and Agricultural Sciences, University of Florida: Gainesville, FL, USA, 2012. [Google Scholar]

	



Ballard, H.L.; Robinson, L.D.; Young, A.N.; Pauly, G.B.; Higgins, L.M.; Johnson, R.F.; Tweddle, J.C. Contributions to Conservation Outcomes by Natural History Museum-Led Citizen Science: Examining Evidence and next Steps. Biol. Conserv. 2017, 208, 87–97. [Google Scholar] [CrossRef]

	



Kountoupes, D.L.; Oberhauser, K. Citizen Science and Youth Audiences: Educational Outcomes of the Monarch Larva Monitoring Project. J. Community Engag. Sch. 2008, 1, 10–20. [Google Scholar] [CrossRef]

	



Phillips, T.B.; Ballard, H.L.; Lewenstein, B.V.; Bonney, R. Engagement in Science through Citizen Science: Moving beyond Data Collection. Sci. Educ. 2019, 103, 665–690. [Google Scholar] [CrossRef]

	



Bela, G.; Peltola, T.; Young, J.C.; Balázs, B.; Arpin, I.; Pataki, G.; Hauck, J.; Kelemen, E.; Kopperoinen, L.; Van Herzele, A.; et al. Learning and the transformative potential of citizen science. Conserv. Biol. 2016, 30, 990–999. [Google Scholar] [CrossRef] [PubMed]

	



Edwards, R.; Kirn, S.; Hillman, T.; Kloetzer, L.; Mathieson, K.; McDonnell, D.; Phillips, T. Learning and Developing Science Capital through Citizen Science. In Citizen Science; Innovation in Open Science, Society and Policy; Hecker, S., Haklay, M., Bowser, A., Makuch, Z., Vogel, J., Bonn, A., Eds.; UCL Press: London, UK, 2018; pp. 381–390. ISBN 978-1-78735-235-3. [Google Scholar]

	



Turrini, T.; Dörler, D.; Richter, A.; Heigl, F.; Bonn, A. The Threefold Potential of Environmental Citizen Science—Generating Knowledge, Creating Learning Opportunities and Enabling Civic Participation. Biol. Conserv. 2018, 225, 176–186. [Google Scholar] [CrossRef]

	



Rögele, A.; Scheiter, K.; Randler, C. Can Involvement Induced by Guidance Foster Scientific Reasoning and Knowledge of Participants of a Citizen Science Project? Int. J. Sci. Educ. Part B 2022, 12, 94–110. [Google Scholar] [CrossRef]

	



Del Bianco, V. Citizen Science in 4-H: Youth Volunteer Motivations, Participation, Retention and Scientific Literacy. Ph.D. Thesis, Louisiana State University and Agricultural and Mechanical College, Baton Rouge, LA, USA, 2018. [Google Scholar] [CrossRef]

	



Lawrence, A. ‘No Personal Motive?’ Volunteers, Biodiversity, and the False Dichotomies of Participation. Ethics Place Environ. 2006, 9, 279–298. [Google Scholar] [CrossRef]

	



Jordan, R.; Crall, A.; Gray, S.; Phillips, T.; Mellor, D. Citizen Science as a Distinct Field of Inquiry. BioScience 2015, 65, 208–211. [Google Scholar] [CrossRef]

	



Burger, D. Citizen Science, Participation and Geography Teaching. GW-Unterricht 2016, 1, 18–27. [Google Scholar] [CrossRef]

	



Lude, A. Influence of Nature Experience on Conservation Rationales and Conservation Awareness in Adolescence; Forschungen zur Fachdidaktik; StudienVerlag: Innsbruck/Wien, Austria, 2001; ISBN 978-3-7065-1595-5. (In German) [Google Scholar]

	



Kremer, K.H. Understanding the Nature of Science—Studies on the Structure and Development of Competencies in Lower Secondary Education. Ph.D. Thesis, Universität Kassel, Kassel, Germany, 2010. Available online: https://kobra.uni-kassel.de/handle/123456789/2010091734623 (accessed on 31 March 2023). (In German).

	



Pekrun, R.; Götz, T.; Jullien, S.; Zirngibl, A.; vom Hofe, R.; Blum, W.; Jordan, A.; Kleine, M.; Wartha, W. PALMA Scale Manual: 4th Measurement Point (8th Grade Level); Institut für Pädagogische Psychologie: München, Germany, 2004. (In German) [Google Scholar]

	



Bogner, F. Environmental Values (2-MEV) and Appreciation of Nature. Sustainability 2018, 10, 350. [Google Scholar] [CrossRef]

	



Kaiser, F.G.; Oerke, B.; Bogner, F.X. Behavior-Based Environmental Attitude: Development of an Instrument for Adolescents. J. Environ. Psychol. 2007, 27, 242–251. [Google Scholar] [CrossRef]

	



Wilde, M.; Bätz, K.; Kovaleva, A.; Urhahne, D. Testing a short scale of intrinsic motivation. Z. Didakt. Naturwissenschaften 2009, 15, 31–45. (In German) [Google Scholar]

	



Philipps, T.B. Engagement and Learning in Environmentally-Based Citizen Science: A Mixed Methods Comparative Case Study; Cornell University: Ithaka, NY, USA, 2017. [Google Scholar]

	



Bracey, G. Teaching with Citizen Science: An Exploratory Study of Teachers’ Motivations & Perceptions. Ph.D. Thesis, The University of Missouri–St. Louis, St. Louis, MO, USA, 2018. [Google Scholar]

	



Committee on Designing Citizen Science to Support Science Learning; Board on Science Education; Division of Behavioral and Social Sciences and Education; National Academies of Sciences, Engineering, and Medicine. Learning Through Citizen Science: Enhancing Opportunities by Design; Pandya, R., Dibner, K.A., Eds.; National Academies Press: Washington, DC, USA, 2018; p. 25183. ISBN 978-0-309-47916-5. [Google Scholar]

	



Ajzen, I. Nature and Operation of Attitudes. Annu. Rev. Psychol. 2001, 52, 27–58. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Three-stage typology according to Bonney et al. [10] (p. 17, modified). X—when the public participates in the step, (X)—when the public sometimes participates in the step.
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	Steps in the Scientific Process
	Contributory Projects
	Collaborative Projects
	Co-Created Projects





	Definition of the research question
	
	
	X



	Development of hypotheses
	
	
	X



	Development of the study design
	
	(X)
	X



	Data collection/sampling
	X
	X
	X



	Analysis of samples
	
	X
	X



	Analysis of the data
	(X)
	X
	X



	Interpretation, conclusions
	
	(X)
	X



	Dissemination of conclusions
	(X)
	(X)
	X



	Discussion and outlook
	
	
	X
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Table 2. The design of the modules for the three experimental groups (EGs).
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Contributory

	
Collaboration

	
Co-Created






	
Module 1: Introduction to the topic of flowing water ecology and the Queich.

Aim: To arouse the interest of the students (Ss) in the Queich, to familiarize them with the question “What is the condition of the Queich?”, and to familiarize the Ss with the problem of water pollution.

Duration: 45–90 min.




	
Module 2: Introduction to the topic “Scientific Work”

Objective: The Ss explain how scientific knowledge is generated with the help of the black box investigation.

Duration: 45–90 min




	
Workshop A

Objective: The Ss learn theoretical and practical methods to determine the water status of the Queich.

Important: No hypotheses

Duration: 90 min.

	
Workshop B

Objective: The Ss learn theoretical and practical methods to determine the water status of the Queich.

Important: Hypotheses are given

Duration: 90 min.

	
Module 3c: Formulating own research questions

Objective: The Ss transfer their learned knowledge and formulate their own research questions and hypotheses.

Duration: 90 min.




	
Module 3a: Data recording

Objective: The Ss record data according to the specifications.

Duration: 90 min.

	
Module 3b: Creation of the study design

Objective: The Ss transfer their learned knowledge, plan the data collection, and design the recording sheets.

Duration: 90 min.

	
Workshop C

Objective: The Ss learn theoretical and practical methods to determine the water status of the Queich.

Important: Hypotheses are made by the Ss

Duration: 90 min.




	
Module 4a: Data recording

Objective: The Ss record data according to the specifications.

Duration: 90 min.

	
Module 4b: Data recording

Objective: The Ss record their data according to their study design.

Duration: 90 min.

	
Module 4c: Creation of the study design

Objective: Ss combine their research questions with the methods and create their own research design.

Duration: 90 min.




	
Module 5a: Data recording

Objective: The Ss record data according to the specifications.

Duration: 90 min.

	
Module 5b: Data recording

Objective: The Ss record their data according to their study design.

Duration: 90 min.

	
Module 5c: Data recording

Objective: The Ss record their data according to their study design

Duration: 90 min.




	
Module 7a: Presentation of results

Objective: The Ss create a poster for their research work.

Duration: 45–90 min.

	
Module 6b: Evaluation and interpretation

Objective: The Ss apply mathematical tools to their data and perform an evaluation of the data. They interpret the data and refer to the research question.

Duration: 45–90 min.

	
Module 6c: Evaluation, interpretation, and discussion

Objective: The Ss apply mathematical tools to their data and perform an evaluation of the data. They interpret and discuss the data, and refer to their questions.

Duration: 45–90 min.




	
Module 7a: Presentation of results

Objective: The Ss create a poster for their research work.

Duration: 45–90 min

	
Module 7b: Presentation of results

Objective: The Ss learn about the different forms of scientific presentation and create a poster for their research work.

Duration: 45–90 min.

	
Module 7c: Presentation of results

Objective: The Ss learn about the different forms of scientific presentation and create a presentation or poster for their research work.

Duration: 45–90 min.
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Table 3. Overview of the instruments used, with references and sample items.
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Variable

	
Instrument/Source

	
Item Example






	
Content knowledge

	
Knowledge about freshwater ecology and water quality [47], 14 MC items

	
What are the disadvantages of biological water analysis?




	
Understanding of science

	
Nature of Science [48], 7 subscales with 44 items—rating scale of “not true at all (1)”–“is absolutely true (5)”




	
Certainty of scientific knowledge

	
Knowledge in science is true for all time. (-)




	
Sources of scientific knowledge

	
Beginners are not yet able to observe natural phenomena. (-)




	
Development of scientific knowledge

	
The ideas in science textbooks sometimes change.




	
Justification of scientific knowledge

	
An experiment is a good way to find out if something is true.




	
Simplicity of scientific knowledge

	
Scientific theories are often more complicated than they need to be (-).




	
Purpose of science

	
The goal of scientific theories is to explain natural processes.




	
Creativity of scientists

	
Scientific knowledge is also a result of human creativity.




	
Attitudes toward science

	
Attitudes toward science [49], 3 subscales, 14 items, rating scale of “I disagree (1)”–“I agree (4)”




	
Enjoyment and interest in science (5 items)

	
I like to read about science.




	
Value of science (5 items)

	
Science is valuable to society.




	
Future-oriented science-related motivation (4 items)

	
I would like to work on science projects as an adult.




	
Environmental attitudes

	
2 major environmental values [50], 2 subscales, 20 items, rating scale of “not true at all (1)”–“is absolutely true (5)”




	
Utilization of nature (10 items)

	
We should only protect useful animals and plants.




	
Preservation of nature (10 items)

	
I feel good in the silence of nature.




	
Environmental behavior

	
General ecological behavior [51], 6 subscales, 33 items, rating scale of “never” (1)–“very often” (5)




	
Energy conservation

	
As the last person to leave a room, I switch off the lights.




	
Mobility

	
I am driven around by car (-).




	
Waste avoidance

	
I buy procuts in refillable packages.




	
Recycling

	
I separate waste.




	
Consumerism

	
When shopping, I prefer products with eco-labels.




	
Vicarious behaviors toward conservation

	
I am a member of an environmental organization.




	
Motivation (only post-test)

	
Short scale on intrinsic motivation [52], 4 subscales, 12 items, rating scale of “not true at all (1)”–“is absolutely true (5)”




	
Interest/enjoyment

	
I enjoyed the activity in the project.




	
Perceived competence

	
I am satisfied with my performance in the project.




	
Perceived autonomy

	
I was able to control the activity in the project myself.




	
Pressure/strain

	
When working on the project, I felt under pressure.








Note: (-) Item must be recoded as it is worded negatively in relation to the scale.
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Table 4. Descriptive results for the variables of content knowledge and understanding of science. The minimum and maximum for the scales are given, as well as the internal consistency in the pre-, post-, and follow-up tests (Cronbach’s α).
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EG Contributory

	
EG Collaboration

	
EG Co-Created




	
M

	
SD

	
M

	
SD

	
M

	
SD






	
Content knowledge on water quality (14 items, min-max 0–14, Cronbach’s α = 0.44–0.62)




	
Pre-test

	
5.00

	
2.20

	
4.21

	
1.93

	
5.21

	
2.14




	
Post-test

	
6.94

	
2.95

	
6.56

	
2.16

	
7.35

	
2.52




	
Follow-up test

	
6.92

	
2.85

	
6.08

	
2.40

	
6.86

	
2.64




	
Understanding of science (i.e., NOS, 44 items, min-max 1–5, Cronbach’s α = 0.89–0.94)




	
Pre-test

	
3.75

	
0.51

	
3.79

	
0.31

	
3.86

	
0.37




	
Post-test

	
3.85

	
0.53

	
3.91

	
0.34

	
3.89

	
0.43




	
Follow-up test

	
3.83

	
0.55

	
3.88

	
0.42

	
3.96

	
0.48
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Table 5. Descriptive results for the variables attitudes toward science. The minimum and maximum of the scales are given, as well as the internal consistency in the pre-, post-, and follow-up tests (Cronbach’s α).
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EG Contributory

	
EG Collaboration

	
EG Co-Created




	
M

	
SD

	
M

	
SD

	
M

	
SD






	
Enjoyment and interest in science (5 items, 1–4, Cronbach’s α = 0.91–0.93)




	
Pre-test

	
2.87

	
0.61

	
2.96

	
0.65

	
2.91

	
0.72




	
Post-test

	
2.83

	
0.65

	
3.00

	
0.67

	
2.67

	
0.93




	
Follow-up test

	
2.73

	
0.77

	
2.88

	
0.80

	
2.82

	
0.86




	
Value of science (5 items, 1–4, Cronbach’s α = 0.62–0.74)




	
Pre-test

	
3.00

	
0.46

	
3.15

	
0.42

	
3.29

	
0.37




	
Post-test

	
2.97

	
0.50

	
3.06

	
0.46

	
3.10

	
0.58




	
Follow-up test

	
2.99

	
0.45

	
3.07

	
0.51

	
3.10

	
0.46




	
Future-oriented science-related motivation (4 items, 1–4, Cronbach’s α = 0.91–0.92)




	
Pre-test

	
1.98

	
0.83

	
2.29

	
0.83

	
2.10

	
0.97




	
Post-test

	
1.95

	
0.79

	
2.31

	
0.83

	
2.19

	
0.98




	
Follow-up test

	
2.05

	
0.83

	
2.34

	
0.87

	
2.05

	
1.00
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Table 6. Descriptive results for the variable of environmental attitudes. The minimum and maximum of the scales are given, as well as the internal consistency in the pre-, post-, and follow-up tests (Cronbach’s α).
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EG Contributory

	
EG Collaboration

	
EG Co-Created




	
M

	
SD

	
M

	
SD

	
M

	
SD






	
Utilization of nature (10 items, 1–5, Cronbach’s α = 0.77–0.82)




	
Pre-test

	
1.89

	
0.63

	
1.82

	
0.54

	
1.71

	
0.58




	
Post-test

	
1.79

	
0.58

	
1.82

	
0.57

	
1.56

	
0.51




	
Follow-up test

	
1.92

	
0.74

	
1.79

	
0.64

	
1.56

	
0.42




	
Preservation of nature (10 items, 1–5, Cronbach’s α = 0.79–0.81)




	
Pre-test

	
3.17

	
0.58

	
3.25

	
0.56

	
3.30

	
0.62




	
Post-test

	
3.26

	
0.63

	
3.18

	
0.63

	
3.19

	
0.70




	
Follow-up test

	
3.26

	
0.59

	
3.17

	
0.65

	
3.24

	
0.56
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Table 7. Descriptive results for the variable general environmental behavior. The minimum and maximum of the scales are given, as well as the internal consistency in the pre-, post-, and follow-up tests (Cronbach’s α).
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EG Contributory

	
EG Collaboration

	
EG Co-Created




	
M

	
SD

	
M

	
SD

	
M

	
SD






	
General environmental behavior (33 items, 1–5, Cronbach’s α = 0.81–0.85)




	
Pre-test

	
3.11

	
0.50

	
3.22

	
0.48

	
3.33

	
0.38




	
Post-test

	
3.20

	
0.51

	
3.22

	
0.51

	
3.34

	
0.44




	
Follow-up test

	
3.25

	
0.48

	
3.27

	
0.51

	
3.46

	
0.35
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Table 8. Descriptive results for motivational aspects, which we only assessed in the post-test. The minimum and maximum of the scales are given, as well as the internal consistency (Cronbach’s α).
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EG Contributory

	
EG Collaboration

	
EG Co-Created




	
M

	
SD

	
M

	
SD

	
M

	
SD






	
Motivation (12 items, 1–5, Cronbach’s α = 0.65–0.91)




	
Motivation total

	
3.59

	
0.65

	
3.66

	
0.68

	
3.53

	
0.55




	
Interest/enjoyment

	
3.82

	
0.93

	
3.82

	
1.07

	
3.52

	
0.84




	
Perceived competence

	
3.70

	
0.79

	
3.56

	
0.92

	
3.48

	
0.82




	
Perceived autonomy

	
3.17

	
0.97

	
3.20

	
0.78

	
3.42

	
0.81




	
Pressure/strain

	
2.34

	
0.84

	
1.96

	
0.80

	
2.31

	
0.85
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