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Abstract

:

This paper presents students’ word associations with terms regarding the Wadden Sea. A continuous free word-association method was used in which the students from secondary schools (n = 3119, average age: 13.54 years) reported their associations with the stimulus words Wadden Sea, mudflat hiking tour, and tides in written form. Data were collected from students living close to the Wadden Sea and from students living inland. We performed a quantitative content analysis including the corresponding formation of categories. In addition, students’ school, out-of-school with the class, and private experiences the Wadden Sea ecosystem were recorded. The study shows that not only subject-related concepts should be considered at different levels, but non-subject-related aspects as well. The associations of the inland and non-inland students are statistically significantly different. The Wadden Sea and its biome were found to be completely unknown to some students. Students’ school, out-of-school with the class, and private experiences of the wetlands are also very mixed, regarding their Wadden Sea visitation frequency, and surprisingly cannot be directly derived from their place of residence. This research makes an important contribution towards the design of future biology didactic studies on the Wadden Sea.
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1. Introduction


The Wadden Sea of northeastern Europe extends over a distance of about 450 km from Skallingen in Denmark, across the entire German North Sea coast, to Den Helder in the Netherlands [1], making it the largest contiguous mudflat area in the world. Although living in this ecosystem is extremely demanding due to the tides, the Wadden Sea is the habitat of over 10,000 different species of animals, plants, and fungi [2]. It also serves as an irreplaceable food source for 10 to 12 million birds during molting, breeding, and wintering or as a stopover during bird migration [3]. Therefore, the Wadden Sea is of particular relevance for global biodiversity. To protect this unique habitat, a trilateral cooperation between Denmark, Germany, and the Netherlands has been in place since 1978 [4]. The Wadden Sea is protected in all three countries on the national level within nature reserves. The national park Schleswig-Holsteinisches Wattenmeer, which was established in 1985, was the first national park for the protection of the Wadden Sea in Germany [5]. Internationally, Germany’s tidal flats, as well as those of the Netherlands in 2009 [6], and Denmark in 2014 [7], were designated as UNESCO World Heritage Sites.



Research on the Wadden Sea ecosystem has been conducted in numerous areas in diverse biological disciplines (e.g., zoology [8], botany [9], and genetics [10]). However, these are subject-specific studies. Biology didactic projects, on the other hand, are rare. So far, there has been one study on the influence of an out-of-school intervention by an educational institution at the Wadden Sea on students’ systems of thinking [11]. Evaluations of the educational offerings of selected national park institutions [12,13,14] have also been conducted. The Wadden Sea as a learning site was not explicitly considered. In other biology didactic studies including references to the Wadden Sea, the same picture emerges: in the Wadden Sea Learning Laboratory, the focus is on providing practice- and competence-oriented training for biology teachers [15,16,17], as well as on developing educational offerings for national park education centers [18]. Furthermore, content on the Wadden Sea, among other topics, has served as a standard reference for assessing subject knowledge among teachers [19,20] or as a reference for comparing the performance of teachers with the performance of students [21]. In another study, related content was used to examine the systems literacy of prospective biology teachers [22]. Another perspective of biological education involves research on citizen science and volunteering. In this regard, the Wadden Sea region in Denmark has great potential [23]. Volunteering is also of great importance in German national parks [24]. In the didactics of other subjects, the Wadden Sea as a learning site has not yet become a center of focus. In physics, some studies have focused on developing educational offerings for out-of-school learning locations on the topic of the North Sea [25,26]. In geography, a virtual excursion on the Hallig Hooge was developed [27,28], and in art, the art mediation of the Wadden Sea has been implemented on a subject-specific level [29,30]. The Wadden Sea as a place of learning has only been thematized in the context of intercultural communication [31], but this is in no way directed at biology didactic content.



This study is part of a larger project that focuses on the Wadden Sea, both as a place of learning, and as an object of instruction from an empirical-research-based biology didactic point of view, and investigates the Wadden Sea from different perspectives [32,33]. Environmental and climate protection is growing in importance among the general population. In a study from 1998, 31% of those surveyed rated environmental and climate protection as very important; in 2019, this value had risen to 68% [34]. A meta-study indicated that the majority of over 32,000 respondents considered the marine environment to be threatened by human activities [35]. The significance of nature rose among young people during the COVID-19 pandemic [36]. In relation to the Wadden Sea, there are multiple reasons for this increase in the desire to conserve nature. For example, the overarching benefit of the ecosystem, personal experiences, as well as the desire to preserve it from exploitation or destruction from various influences, can be motivations for protecting the Wadden Sea wetlands [37]. The present study identifies students’ associations with different terms from the content area of the Wadden Sea, as well as collating their various school, out-of-school with the class, and private experiences of the Wadden Sea. These results are central to the design and implementation of further studies. Due to the research goal of implementing biology didactic studies that have a concrete focus on the Wadden Sea as a place of learning, it is necessary for this study to establish some initial insights regarding this field of research.




2. Methods


Due to the lack of biology didactic studies on the Wadden Sea, developing an appropriate methodology for this research field is necessary. One possibility is to capture the learner’s perspective. This approach offers the opportunity to enter the field in question, while also allowing future research goals to be identified based on the results obtained.



The range of methods that can generally be used to achieve this overarching goal is extensive. In biology didactics, guided interviews can be conducted to capture learners’ perspectives [38], documents such as concept maps can be analyzed [39], questionnaires can be used [40], or field observations can be made [41], among others. The aim of the present study is to open the field of biology didactic studies on the Wadden Sea, which has hardly been considered in research so far. To do so, a compromise must be found between the in-depth nature of the anticipated data (the qualitative aspect) and the measurable scope of the data (the quantitative aspect). The research goals necessitate a generally open approach, along with the possibility of quantifying the data. In order to take both aspects into account, a word association method was chosen as the data collection methodology.



2.1. Word Association Method


Associations—especially in psychology—have long been the subject of scientific work, not only in terms of methodological use but also in general [42,43,44]. Initial theoretical conclusions about associations can already be seen in the writings of Aristotle [45]. Due to the thematic focus of this paper, we will refrain from elaborating on the various definitional approaches from psychology.



Ultimately, what all word association methods have in common is that subjects are asked to report their associations with a given stimulus word. The following discussion presents the four basic methodological implementation possibilities of association experiments, according to Woodworth and Schlosberg [44]. The authors differentiate associations in terms of two dimensions: between free and controlled, and between discrete and continuous. In the discrete–free approach, respondents are asked to name only a single association term for a stimulus word. In the case of a discrete–controlled association, certain conditions are attached to this association word (e.g., regarding the topic). In the case of a continuous–free association, there are no conditions and likewise no limit to the number of association words. Continuous–controlled association, on the other hand, requires specific given conditions but also has no limit on associated words. In this regard, Beatty et al. [46] argue that even in a free association, there are indirect content constraints on the choice of associations as a result of the given stimulus, and therefore refer to this procedure as “quasi-free.”



Word association methods have been widely used in biology didactics for several decades [47] and have been described as a relevant method for capturing learners’ cognitive structures [48]. Therefore, these methods are well established in the field of didactic research and are used in a variety of research areas with different concrete methodological implementations. For example, there have been studies of students’ word associations in different thematic areas, such as on the concept of energy [49,50], that of growth [51], and bioethical issues [52], or of measuring the impact of pedagogical interventions in out-of-school learning settings [53,54]. Similarly, studies have used word association methods to explore the conceptions of prospective biology teachers [55,56,57,58,59] as well as of undergraduate biology students [60]. In addition, there are studies that have looked at, among other things, the word associations of trained teachers [61]. Another possible use of the described methodology is not so much for empirical research but rather for concretely planning lessons [62]. An evaluation of instructional plans is also possible with word association methods [63].




2.2. Implementation in the Study


As the above illustrates, there are many possibilities for conducting word association experiments. In the following, we describe, explain, and justify the concrete methodology implemented in this study.



2.2.1. General Procedure


To ensure the desired openness of the research methodological procedure, we employed a free form of association. Students (n = 3119, average age: 13.54 years) were asked to provide their associations with the stimulus words without any limiting specifications. Thus, any significant methodological influence limiting content is unlikely. Furthermore, we chose to conduct a survey to collect continuous associations. Here, too, the central deciding factor was ensuring the greatest possible openness. Limiting the students’ responses to a single association per stimulus word would have run the risk of highly limiting the content. In that case, it would hardly have been possible to broadly index the word associations that arose in response to the stimulus words. Following the definition of Woodworth and Schlosberg [44], the methodological procedure can therefore be described as a continuous–free association methodology.




2.2.2. Determination of the Stimulus Words


The selection of suitable stimulus words is of particular relevance in word association methods [64]. One method that can be used in this process is analyzing suitable documents or interviews with experts [65]. In the present case, in addition to analyzing specialized texts in depth, a special emphasis was placed on consulting with experts from the fields of biology, biology didactics, and environmental education. Among them were people with many years of theoretical and practical scientific experience in the subject area, and in the Wadden Sea as a place of learning. In the literature, there is no uniform information on the appropriate number of stimulus words but, rather, the recognition of a large variation in number. Since the objectives of the present study demand a sample size as large as possible, collecting the data in a time-efficient way is a central consideration. In the first step, all nine experts from the above-mentioned fields considered the stimulus words and their number on their own. This was followed by several discussion meetings in which the respective proposals were intensively debated. In the end, the common goal was to identify associations on different levels and, at the same time, to ensure a high degree of openness. Based on feedback from in-service teachers that time efficiency was important due to a general lack of available class time, we chose to utilize no more than three stimulus words in our study to limit the amount of time needed to complete the survey. In consultation with the nine experts, we selected three stimulus words from the literature. These are shown in Table 1, together with the reasons for their selection.



In summary, it was anticipated that the students would be able to name associations with the Wadden Sea on different levels, all within a methodological framework that maintained the necessary high degree of openness.




2.2.3. Analysis Method


The selection of evaluation options for word association methods is as diverse as the methods themselves. Ultimately, the analysis method depends on the specific implementation of the experiment. Corresponding studies can be conducted both orally and in writing. Due to practicality and in consideration of the general objectives, a written variant (paper–pencil survey) was chosen. Since the word associations are considered on a purely content-related level, the association time (i.e., the time between the announcement of the stimulus word and the naming of the respective association) was not measured, thereby excluding the possibility of evaluations considering a temporal dimension (as in [46]).



In the context of analysis, both the level of an individual and the level of a (selected) group can be considered. One way of presenting results on an individual level is, for example, association chains [51]. This is not practicable for large samples, so we decided against such a form of evaluation. The analysis of the present data was performed with a quantitative content analysis. According to Bortz and Döring [66], a category system can be formed from the data material within a quantitative content analysis (inductive procedure). This in turn serves as the basis for a frequency analysis, which, according to Mayring [67], can also be regarded as a basic form of interpreting qualitative data. Ultimately, the goal was not to form an overarching, highly generalized category system, as is often practiced in studies with comparably large sample numbers (e.g., [68]). The focus of the analysis was to look at associations on as literal a level as possible. Therefore, a detailed system of categories was formed from the data, which closely captured the associations as literally as possible. In addition, this analysis method takes particular account of the “primary response”, the association that was named most frequently in response to the respective stimulus word. The measurement of this corresponds to one of the most frequently used analysis methods of word associations [69].



In the analysis, all associations were considered, and no preselection was made. Therefore, associations that have no direct technical connection to the stimulus words are also included in the results. In other research in biology didactics, it was shown that such indirect associations are not unusual, even when the test persons participate seriously and therefore should be considered [70]. Especially considering the lack of data in this field of research, evaluating all the associations is essential to ensure complete impartiality.




2.2.4. Sample


In the present study, a total of 3119 students were surveyed, of which 1675 (50.57% male, average age: 13.40 years) live in the Wadden Sea area (coast sample) and 1444 (50.48% male, average age: 13.59 years) in North Rhine-Westphalia (inland sample). The students from the inland live about 350 km from the sea. These students provided a total of 23,168 word associations for the three stimulus words. The selection of participants was done according to recommendations from the literature for qualitative research [71]. The focus was on gaining knowledge in relation to the specific questions [72], so that criteria for the sample were specified [73]. These included the prerequisites that the surveyed students were taught at a secondary school and lived either on the coast or in North Rhine-Westphalia. In order to ensure comparability between the groups, a comparable size of both subsamples and a similar average age were defined as further prerequisites. In order to exclude a possible bias of the data, the students’ experiences of the Wadden Sea were additionally surveyed.




2.2.5. Statistics


A χ2-test was performed to statistically validate the results of the comparison between the two groups under consideration. This can be used to test two nominally scaled variables for a correlation. In doing so, the theoretically expected distribution of frequencies is compared with the actual determined results [74]. Such a test procedure was implemented for each stimulus word. Since the expected cell frequency was less than five in some cases, a Monte Carlo simulation was performed in each case. Based on all three calculations, a significant difference in the frequency of associations in the two groups was found. Cramér’s V was calculated to represent the effect size [75]. In the results section, both the χ2- values and the effect sizes are given for the individual stimulus words.



To ensure the objectivity of the analysis, interrater reliability was tested. Cohen’s kappa is also evaluated as a suitable measure of interrater reliability in science didactics [76]. Following other studies in science didactics [77] and general scientific methodological recommendations [78], 10% of the association sheets were independently analyzed by two individuals. Since, when depending on the category system, a relatively large number of chance matches can be assumed, the maximum κ-value to be achieved is often significantly lower than 1 [78]. Different statements can be found in the literature regarding the interpretation of Cohen’s kappa. According to Greve et al. [79], a κ-value ≥ 0.75 is to be considered good to excellent; Altman [80] judges a κ-value of 0.61 as already good. The κ-value determined in this analysis was 0.963, and can thus be considered excellent.






3. Research Questions


The central question of the present work is:



1. What word associations do students have with the terms “Wadden Sea”, “mudflat hiking tour”, and “tides”?



The data were collected from students in two regions of Germany: students living in the immediate vicinity of the Wadden Sea and inland students from the federal state of North Rhine-Westphalia were surveyed. Taking this into account, the question above can be supplemented with another question:



2. Are there any differences between the associations of coastal students living near the Wadden Sea and those of inland students from North Rhine-Westphalia?



Additional data on the students’ experiences of the Wadden Sea were collected. The data were measured quantitatively and included a school dimension (lessons), an out-of-school dimension (excursions with the school class), and a private dimension (leisure time/holidays). These data are relevant for establishing an approximation of the research field and can serve as starting points for explanations of the associations. Therefore, the following questions can be formulated:



3a. What experiences (school, out-of-school with the class, and private) of the Wadden Sea do students who live on the Wadden Sea have?



3b. What experiences (school, out-of-school with the class, and private) of the Wadden Sea do inland students from North Rhine-Westphalia have?




4. Results


The following section presents the individual results of the quantitative content analysis of the word associations, as well as the different experiences of the students regarding the Wadden Sea.



4.1. Quantitative Content Analysis


For each of the three stimulus words, a tabular overview with the rankings of the most frequent associations is presented below. The individual rankings illustrate both the absolute frequency of an association being mentioned and the relative proportion of the total number of associations per stimulus word. Likewise, the total number of associations as well as the average number of associations per individual student is given.



Table 2 and Table 3 show the results for the stimulus word “Wadden Sea”. The χ2-test proved that there is a significant correlation between the students’ place of residence and the associations provided (χ2(159) = 1990.953, p < 0.001). Cramér’s V is 0.451, so there is a moderate effect [81].



The associations with the stimulus word “mudflat hiking tour” can be seen in Table 4 and Table 5. Again, a significant relationship (χ2(132) = 1072.990, p < 0.001) was found between the two variables, and, according to [81], a moderately strong effect (V = 0.392).



The results of the quantitative content analysis of the associations with the stimulus word “tides” are shown in Table 6 and Table 7. Using the χ2-test, a significant relationship was found between students’ place of residence and the associations (χ2(117) = 790.074, p < 0.001). Cramér’s V has a value of 0.351. As with the other associations, this effect can again be considered moderate [81].




4.2. Experience with the Wadden Sea


With regard to the third research question about students’ experiences of the Wadden Sea, the results are presented in Table 8 below. The school dimension is represented by the amount of the topic’s thematization in the context of lessons. Out-of-school experiences with the class can be experienced through a school excursion to the Wadden Sea, and the private dimension focuses on visiting the Wadden Sea during leisure time (coast sample) or on vacation (inland sample).



Table 8 shows the thematization of the Wadden Sea in lessons in the respective school subjects.



The out-of-school perspective is measured by the number of students’ reported excursions with their school classes to the Wadden Sea. Thus, students were asked if such an excursion had taken place. (Table 9)



In addition to these considerations in the context of school, the survey also focused on private experiences and asked whether an individual had ever visited the Wadden Sea. (Table 10)





5. Discussion


Different aspects of the results presented in the tables will be discussed below on various levels. Some selected results for each case are considered generally, in relation to the concrete stimulus word (question 1), as well as in relation to the two student samples (question 2). At selected points, a comparison of the results with the literature will be made. Since there is only one other study in the specific research field, the references will generally take place in a superordinate context. After a category is mentioned, the percentage of the respective associations with respect to the corresponding total number is given in parentheses. The value for the coast sample is given first, followed by the corresponding value for the inland sample.



This is followed by a discussion of the results from the data collected regarding experiences of the Wadden Sea (question 3).



5.1. Stimulus word “Wadden Sea”


The term “Wadden Sea” primarily evokes associations of the category “mud/sludge” (9.44%/9.57%) from the students of both samples. Almost every tenth association can be assigned to this category. Since this can be determined regardless of the respondents’ place of residence, the relevance becomes particularly clear. A survey with a comparable methodological approach collected associations from vacation guests at the Schleswig-Holstein Wadden Sea National Park regarding this stimulus word, confirming this finding [82]. Equally characteristic seems to be the term “lugworm” (7.77%/5.68%), as it is mentioned in meaningful numbers in both samples. This result can substantiate Gätje’s remarks [82] regarding the symbolic power of the lugworm. In another study on the perceptions of marine ecosystems, it was shown that the knowledge of characteristic species is by no means accompanied by knowledge about them [83]. In general, there is an overlap of ten categories in the two student sample groups from the present study. Therefore, these ten categories seem to represent frequent associations with the Wadden Sea that are independent of the place of residence. It is striking that associations of the two categories “ebb” (4.75%/9.47%) and “flood” (3.53%/7.52%) are mentioned about twice as often by inland-sample students as by coastal-sample students. This indicates that related contents have a great or even greater relevance among the respondents without residential proximity. The survey of vacationers, in which the term “ebb” (predominantly in combination with “flood”) was mentioned most frequently, confirms this finding [82]. The ratio shown with regard to the number of associations in both samples also applies to the category “sea” (3.31%/6.46%). The naming of these associations can certainly be explained by students’ physical proximity to the subject of the stimulus word. Conversely, the category “water” (7.06%/3.84%) demonstrates considerably higher importance in the coast sample.



Another focus is analyzing the five categories which are each found in the rankings of only one of the two student sample groups and are therefore an indication of differences. For example, the inland sample students frequently mention term associations that can be considered unrelated to the subject. The naming of such associations is not uncommon [70] and offers a central connecting point, especially for this topic. The category “Wadding (cotton filling)” (3.57%) is an indication that the students of the inland sample again made a derivation regarding the literal origin of the stimulus word “Wadden Sea”. In contrast, these associations, which are not technically comprehensible, do not have any significant meaning for the students in the coast sample. Following this reasoning, the category “Baltic Sea” (2.24%) should be used. There is no Wadden Sea on the Baltic Sea. Thus, the associations assigned to this category are also to be considered false from a professional perspective. This assessment is supported by the category “North Sea” (2.12%/5.63%), because this is much more frequent and therefore more meaningful in the inland sample than in the coast sample. One possible explanation is that students from the inland sample associate the Wadden Sea with the location in the North Sea, while for the students from the coast sample, this could have been taken as a matter of course due to it being their own place of residence, and would explain the lower number of mentions. Furthermore, it is very surprising that 3.87% of the associations from the inland sample showed the Wadden Sea to be unknown to the individual. These descriptions of complete unfamiliarity prove the low significance that the Wadden Sea has for these inland students and is an indication of a low level of knowledge about the ecosystem. In another study in the context of the perception of marine ecosystems, it was similarly demonstrated that the level of notoriety is an important prerequisite for awareness [84]. In general, some marine habitats with their special features seem to be unknown in the general population [85]. Another indication of this is the category “ships” (5.63%), which was only mentioned frequently in the inland sample. This also suggests a direct relation to the stimulus word on the literal level and can hardly be directly related to the Wadden Sea in a technical sense.



Conversely, the categories that only emerge from the ranking of the associations of students from the coast sample can be explained by experiences related to the Wadden Sea. In particular, this explanation is suggested by the categories “crabs” (5.13%), “mussels” (4.80%), “birds” (2.24%) and “animals” (6.02%). The category “silt” (3.49%) indicates the students’ knowledge of a technical term that can also be understood as a technically correct representation of the associations for the previously mentioned category, “mud”. In this case, it is precisely the out-of-school experiences with an ecosystem that can have a positive influence on knowledge and can thus be used as an explanation for the presenting of the technical term [86]. A concrete reference is in the discussion on experiences.




5.2. Stimulus Word “Mudflat Hiking Tour”


According to the experts, this stimulus word should be an indication of whether students potentially have experience of the Wadden Sea. From the results, we should be able to examine the success of this intention, while at the same time, identify any major differences between the two samples.



As in the two student sample groups’ previous rankings for the word “Wadden Sea”, there is also an overlap of ten categories between the two student sample groups for the word “mudflat hiking tour” (which is one word in German). The students in both samples primarily chose a definitional approach with the associations. Therefore, the category “walking on the mudflats” (12.32%/15.76%) is very relevant. In addition, associations that were assigned to the category “mudflat guides” (7.39%/3.52%) appear to be important, although these were given significantly more frequently by the coast sample. Associations regarding the category “discover/explore the Wadden Sea” (7.04%) were the third most often given in the coast sample, while they were missing from the ranking of the inland sample. This proves both the great meaning of a dimension directed towards the exploration of the Wadden Sea for students from the coast sample, as well as the complete unimportance of this aspect for the other sample. The relevance of such activities in nature can be illustrated with empirical research results. For example, primary nature experiences have been found to have a positive influence on physical, psychological, and social health [87]. Furthermore, experiences in nature are formative for fostering understanding and attitudes [88,89,90]. This discrepancy between the two groups is further confirmed by the category “knowledge transfer” (3.86%), which is also found exclusively in the association ranking from the coast sample. This category illustrates the importance of the knowledge that is imparted during a mudflat walk and the relevance of the educational aspect of mudflat walks. Knowledge about the Wadden Sea is a prerequisite for protecting this ecosystem [37], and therefore acquires special relevance.



The mudflat hikes usually take place in a group setting; this is only referenced, along with references to the school level, in the coast sample in the context of the category “group of people/school class” (3.71%). Likewise, associations that can be assigned to the categories “mussels” (2.96%) and “barefoot” (2.85%) are exclusively emphasized to a particular degree by students in the coast sample. In particular, “barefoot” suggests the relevance of a mudflat hike as an experience, although the category “rubber boots” (4.13%/8.45%) is shown as meaningful from the data of both student samples. One reason for inland students frequently mentioning associations in this category could be a general association of rubber boots with the mudflat hikes.



The frequent mention of associations describing a “personal dislike” (4.33%/4.93%) of mudflat walks, present in both samples, is remarkable. It is unclear to what the dislike specifically refers. Since negative associations in connection with the ecosystem of the Wadden Sea would certainly also have arisen with the first stimulus word (in a more or less frequent execution), the (didactic) designs of mudflat tours or the general environment (learning) could be starting points for related explanations. On the other hand, the category “dirt/filth” (2.72%), which plays a non-negligible role in the inland sample, speaks to a general dislike of the Wadden Sea. Such forms of dislike can be transferred to the research area of disgust in subject didactics. In some empirical studies, the regional origin of the students was taken into account in addition to their disgust for animals. It was independently found that children from the city were disgusted by a larger number of animals than were children from the countryside [91,92]. This finding may be an explanation for the greater blanket disgust of the mudflats, or the higher negative account of mudflat walks by coastal students than by those from inland. In this context, it should be noted that, contrary to these associations, associations from the category “joy/pleasure” (3.48%/1.98%) also occur in both student sample rankings. Ultimately, there seems to be a very heterogeneous picture of mudflat walks.



In third place, in the ranking of categories formed based on the inland student sample associations, is the category “term is unknown” (5.43%). Due to the percentage of students in this sample who are completely unfamiliar with the Wadden Sea, this finding is a further confirmation of the results already discussed and are consistent with the literature [85]. Furthermore, they illustrate a high degree of unfamiliarity on an experiential level.



Students from both samples also mention the potential dangers of the Wadden Sea in the category “dangers/dangerous” (2.78%/3.32%). The more frequent mentioning in the inland sample can be considered surprising, since many of them have no personal experience with the Wadden Sea.




5.3. Stimulus Word “Tides”


For this stimulus word, more than for any other, categories can be formed with a prominent meaning in the rankings for both student sample groups. The categories “ebb” (25.40%/25.59%) and “flood” (24.83%/25.05%) account for more than half of all associations in both samples. These terms seem to be a special domain in relation to the stimulus word, completely independent of the students’ place of residence. Based on the respective processes, associations from the categories “rising water” (4.18%/3.12%) and “draining water” (4.01%/2.95%) can be understood as belonging to this field.



In both samples, the “(important in relation to) the moon” category (5.45%/8.20%) is also highlighted as central. The stimulus word thus seems to have elicited a content-related or subject-related association category, as expected. The finding that students provide subject associations confirms the results of other association studies (e.g., [49,50,51,53]). Similarly, the category “duration/displacement” (4.56%/1.58%) is another example of a subject-related association category. In view of the, generally, much more frequent naming of associations overall in the coast sample, it is not surprising that the students of the coast sample also thematize their associations on a content-related level. Likewise, the terms “high water” (2.67%) and “low water” (2.07%) as technical terms have content-related relevance. However, these can only be found in the ranking of the categories which were formed from the associations of students from the coast sample. In the ranking from the inland sample, there are no further categories that clearly point to a technical theme. Only the category “specific time/daytime” (2.39%/2.95%), which is again found in the rankings of both samples, might also be considered technical. As another study [84] shows, in terms of identified knowledge, the familiarity or unfamiliarity of the ecosystem could account for the difference in terms of the different numbers of subject associations.



The lack of specialized scientific concepts on the Wadden Sea ecosystem is also evident regarding the stimulus word “tides”. The category “term is unknown” (1.32%/3.33%) is even in the rankings of both samples, with regard to this stimulus word. Again, it is the inland sample students who name associations related to this category more frequently. However, it is astonishing that, even for students living near the Wadden Sea, this term seems to be unknown to a considerable number of students. This impression is confirmed by categories that take associations not related to the subject into account. In the category “seasons/times of day” (1.59%/7.12%), a literal derivation from the stimulus word “tides” (in German, Gezeiten) is repeatedly recognizable (The word Zeit in German means “time”). Particularly in the inland sample, this category acquires relevance, since it occupies fourth place in the ranking. In fifth place in the category ranking from this sample is the next category, with associations unrelated to the subject. In the category “Earth age” (6.74%), the literal derivation of the term is associated with a historical dimension (in German, Erdzeitalter). In the ranking of categories from the coast sample, this category is not present, in contrast to the category “seasons/times of day”. This also applies to the categories “TV series/film” (1.29%) and “clock” (1.21%), which again suggest a literal derivation of the associations, or, based on this, links to the titles of TV series or films, and can therefore by no means be considered technical. Other research on adults’ perceptions of marine ecosystems has found that respondents do not feel adequately informed about selected technical content [93]. Thus, a lack of school-based thematization of tidal flats (see the discussion of experiences) may be the cause of these associations. Participants in another study mentioned increasing the importance of environmental education as a useful tool for marine conservation [94].



In the coast sample, however, regarding the stimulus word “tides”, the categories “swimming” (1.30%) and “walking on the mudflats” (1.22%) focus on an experience-oriented level, as is similar in the associations with the previous stimulus word. These or comparable categories are not found in the ranking of the inland sample, so the corresponding associations are of little meaning for inland students.




5.4. Experience of the Wadden Sea


The results illustrate in a quantitative way the different student experiences of the Wadden Sea in the three dimensions considered (in-school, out-of-school, and privately). The data can be found in Table 8, Table 9 and Table 10.



It can be seen that 87.05% of the students from the inland sample have not yet covered the topic of the Wadden Sea at school. In contrast, only 41.31% of the students in the coast sample have not been taught about the Wadden Sea. Surprisingly, the Wadden Sea was mainly considered in geography (7.13%) and less often in biology (2.42%) or science (1.18%) among the surveyed inland students. Among the surveyed students from the coast, the Wadden Sea was primarily addressed in science (22.39%) and in geography (15.16%) and biology (12.30%). In the coast sample, a perspective in social science subjects also has meaning (2.93%), whereas in the inland sample, this is not the case (0%). The relevance of the subject in German (1.52%) is higher in the inland sample than in the coast sample (0.96%). This described relationship between the place of residence and school-based thematization is statistically significant (χ2(12) = 784.156, p < 0.001). Cramér’s V assumes a value of 0.501. Thus, it is a great effect [81].



With regard to out-of-school experiences with the class, it is clear that 45.25% of the surveyed students in the coast sample have already been to the Wadden Sea with their school class. It is not surprising that this number is higher than in the inland sample (7.06%), due to the close proximity. Nevertheless, it could hardly be assumed in advance that there would be such a high number of out-of-school experiences. This relationship also exhibits statistical significance (χ2(2) = 587.558, p < 0.001). The effect size is moderate, based on V = 0.434 [81]. Biology education research has determined that out-of-school experiences correlate with an interest in biology [95]. Likewise, the subject terms associated by the students in the coast sample could be explained by this finding.



The argument of location-dependency can also be used with regard to private experiences, since 57.20% of the surveyed students from the inland sample had not yet been to the Wadden Sea privately. Nevertheless, with 34.21%, more than one-third of them had already been there up to three times (e.g., during a vacation). Yet it is astonishing that 15.70% of the students from the coast sample had not even been to the Wadden Sea, although they live nearby. This shows that even the immediate spatial proximity of a student’s place of residence to the ecosystem does not automatically go hand in hand with the student experiencing nature in the immediate vicinity. After all, 27.10% of the students from the inland sample have been to the Wadden Sea more than 10 times. Also with respect to this dimension, the correlation is significant (χ2(5) = 705.453, p < 0.001), and, according to [81], to be presented as a moderate–strong effect due to a Cramér’s V value of 0.576.





6. Outlook


The present study provides initial insight into the students’ conceptions of the Wadden Sea. In summary, it should be emphasized that this study provides many starting points for further studies. These could, for example, be directed towards in-depth research of the students’ conceptions—as already discussed in the methodological part of this study. In this way, those students’ word associations that could be considered incorrect from a technical perspective could be investigated in more detail, and possible explanations could be identified. For this purpose, it would make sense to conduct an interview study, to allow intensive discussions with selected students. From a research methodological perspective, this procedure would be associated with the recording of conceptions. The associations identified in this study are necessary for developing an interview guideline. These have opened up the research area and can subsequently be used as a basis for designing the guideline. Following this, it would again be possible to discuss the results of this paper by increasing the results from the interview study. This will potentially provide new points of contact in terms of content, which can explain the identified associations in greater depth.



With regard to the limitations of the present study, it is necessary to focus once again at this point on the methodological implementation. The method was selected after intensive consideration in a long, discursive process. Although the results provide initial, far-reaching insights into the learners’ perceptions of the Wadden Sea, they are clearly limited in terms of their depth, so that further research is needed. With a follow-up study, which in turn presupposes the implemented methodological approach, the findings can be discussed. In this context, it would also make sense to investigate the students’ high degree of unfamiliarity with the Wadden Sea, including knowledge of its technical content. Another limitation inevitably results from the methodological implementation. As described, the selection of the stimulus words was an intensive process, with the participation of experts from different fields. The results obtained finally prove the general relevance of this choice. Nevertheless, it cannot be determined which associations would have been elicited by other stimulus words. This question could be addressed following a more in-depth assessment of the learners’ conceptions. To the extent that the conceptions present divergent concepts, other terms could be evaluated as meaningful stimulus words. Thus, a renewed performance of a word association test with modified association words may also be useful.



Another approach to the topic is the development of the educators’ perspective. It is possible to survey educators from different disciplines regarding the Wadden Sea. With regard to a methodical concretization, interviews are again a good possibility. For this project, the associations again provide an important basis because they can be discussed with the experts and evaluated by them. Due to the practical experiences with out-of-school learning opportunities on the Wadden Sea, further additions to the learner perspective are consequently possible, although the educator perspective can be examined in parallel. Finally, it is essential for the didactical understanding of the Wadden Sea to identify both perspectives.



In addition, against the background of biology didactics, considering the Wadden Sea as a place of learning is particularly relevant in order to, among other things, illuminate and possibly explain the discrepancy between the students’ dislike and their positive feelings toward the Wadden Sea. Other ecosystems, such as the forest, have been investigated for their potential and limitations as learning sites in various didactic research projects. Comparable studies on the Wadden Sea are missing. For this purpose, a variety of valid measurement instruments are available, to consider constructs from the fields of psychology and environmental education/education for sustainable development. Word associations can be used for the selection of appropriate study designs, including the choice of measurement instruments. These offer versatile starting points, in that, for example, the areas of “exploratory learning”, “experiencing nature”, “joy”, “knowledge of species” or also “disgust” have been opened up. Results from corresponding studies can again be linked to the word associations to enable further discussions.
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Table 1. Discussion of stimulus word selection.






Table 1. Discussion of stimulus word selection.





	Stimulus Word
	Selection Reasons





	Wadden Sea
	In this way, a maximum degree of openness is guaranteed. The students are completely free to choose on which levels (e.g., cognitive or emotional) they would like to consider their associations. In addition, the topic is introduced in an unbiased way. Thus, associations can be evoked that are very general. There is also the possibility for specific associations to arise. No restrictions are given.



	mudflat hiking tour
	This stimulus word focuses on the out-of-school and/or private sphere. In this way, associations should be elicited that have a connection to possible experiences of the Wadden Sea, which can remind the students of any personal experiences that they may have had. This form of concretization became necessary primarily because of the didactic focus of the study.



	tides
	This stimulus word was chosen with the aim of directly targeting the content level. In the process, the students were anticipated to engage in a technical discussion of the term, despite the high degree of openness. Therefore, the word associations are not too restricted. At the same time, it was possible to exclude the possibility of this term being associated with a limitation due to excessive specificity.
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Table 2. Stimulus word: Wadden Sea; sample: coast; associations: n = 5793; associations/individual: 3.46.






Table 2. Stimulus word: Wadden Sea; sample: coast; associations: n = 5793; associations/individual: 3.46.





	Item
	Association
	n
	%





	1
	Mud/Sludge
	547
	9.44



	2
	Lugworm
	450
	7.77



	3
	Water
	409
	7.06



	4
	Animals
	349
	6.02



	5
	Mudflat
	309
	5.33



	6
	Crabs
	297
	5.13



	7
	Mussels
	278
	4.80



	8
	Ebb
	275
	4.75



	9
	Flow
	204
	3.53



	10
	Silt
	202
	3.49



	11
	Sea
	192
	3.31



	12
	Birds
	130
	2.24



	13
	Sand
	128
	2.21



	14
	North Sea
	123
	2.12



	15
	Walking on the mudflats
	110
	1.90
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Table 3. Stimulus word: Wadden Sea; sample: inland; associations: n = 3981; associations/individual: 2.76.






Table 3. Stimulus word: Wadden Sea; sample: inland; associations: n = 3981; associations/individual: 2.76.





	Item
	Association
	n
	%





	1
	Mud/Sludge
	381
	9.57



	2
	Ebb
	377
	9.47



	3
	Flow
	299
	7.52



	4
	Sea
	257
	6.46



	5
	Lugworm
	226
	5.68



	6
	Ships
	224
	5.63



	6
	North Sea
	224
	5.63



	8
	Term is unknown
	154
	3.87



	9
	Water
	153
	3.84



	10
	Wadding (cotton filling)
	142
	3.57



	11
	Sand
	134
	3.37



	12
	Waterless seabed
	118
	2.97



	13
	Baltic Sea
	89
	2.24



	14
	Mudflat
	79
	1.98



	15
	Walking on the mudflats
	75
	1.88
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Table 4. Stimulus word: mudflat hiking tour; sample: coast; associations: n = 3993; associations/individual: 2.38.






Table 4. Stimulus word: mudflat hiking tour; sample: coast; associations: n = 3993; associations/individual: 2.38.





	Item
	Association
	n
	%





	1
	Walking on the mudflats
	492
	12.32



	2
	Mudflat guides
	295
	7.39



	3
	Discover/Explore tidal flats
	281
	7.04



	4
	Mud/Sludge
	201
	5.03



	5
	Personal dislike
	173
	4.33



	6
	Rubber boots
	165
	4.13



	7
	Knowledge transfer
	154
	3.86



	8
	Group of people/School class
	148
	3.71



	9
	Lugworm
	144
	3.61



	10
	Joy/Pleasure
	139
	3.48



	11
	Mussels
	118
	2.96



	12
	Barefoot
	114
	2.85



	13
	Dangers/Dangerous
	111
	2.78



	14
	Sinking in/Getting stuck
	99
	2.48



	15
	Ebb
	93
	2.33
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Table 5. Stimulus word: mudflat hiking tour; sample: inland; associations: n = 2983; associations/individual: 2.07.






Table 5. Stimulus word: mudflat hiking tour; sample: inland; associations: n = 2983; associations/individual: 2.07.





	Item
	Association
	n
	%





	1
	Walking on the mudflats
	470
	15.76



	2
	Rubber boots
	252
	8.45



	3
	Term is unknown
	162
	5.43



	4
	Lugworm
	161
	5.40



	5
	Personal dislike
	147
	4.93



	6
	Mud/Sludge
	142
	4.76



	7
	Crabs
	131
	4.39



	8
	Ebb
	127
	4.26



	9
	Mudflat guides
	105
	3.52



	10
	Dangers/Dangerous
	99
	3.32



	11
	Dirt/Filth
	81
	2.72



	12
	Animals
	64
	2.15



	13
	Sinking in/Getting stuck
	61
	2.04



	14
	Joy/Pleasure
	59
	1.98



	15
	Sand
	57
	1.91










[image: Table] 





Table 6. Stimulus word: tides; sample: coast; associations: n = 4015; associations/individual: 2.40.






Table 6. Stimulus word: tides; sample: coast; associations: n = 4015; associations/individual: 2.40.





	Item
	Association
	n
	%





	1
	Ebb
	1020
	25.40



	2
	Flood
	997
	24.83



	3
	(important in relation to) Moon
	219
	5.45



	4
	Duration/Displacement
	183
	4.56



	5
	Rising water
	168
	4.18



	6
	Draining water
	161
	4.01



	7
	Dangers/Dangerous
	113
	2.81



	8
	High water
	107
	2.67



	9
	Specific time/Daytime
	96
	2.39



	10
	Low water
	83
	2.07



	11
	Water
	74
	1.84



	12
	Seasons/Times of day
	64
	1.59



	13
	Term is unknown
	53
	1.32



	14
	Swimming
	52
	1.30



	15
	Walking on the mudflats
	49
	1.22
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Table 7. Stimulus word: tides; sample: inland; associations: n = 2403; associations/individual: 1.66.






Table 7. Stimulus word: tides; sample: inland; associations: n = 2403; associations/individual: 1.66.





	Position
	Association
	n
	%





	1
	Ebb
	615
	25.59



	2
	Flood
	602
	25.05



	3
	(important in relation to) Moon
	197
	8.20



	4
	Seasons/Times of day
	171
	7.12



	5
	Earth age
	162
	6.74



	6
	Term is unknown
	80
	3.33



	7
	Rising water
	75
	3.12



	8
	Draining water
	71
	2.95



	8
	Specific time/Daytime
	71
	2.95



	10
	Dangers/Dangerous
	52
	2.16



	11
	Duration/Displacement
	38
	1.58



	12
	Water
	35
	1.46



	13
	TV series/Movie
	31
	1.29



	14
	Clock
	29
	1.21



	15
	Change
	23
	0.92
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Table 8. School dimension: thematization of the Wadden Sea in school lessons (coast n = 1675, inland n = 1444).






Table 8. School dimension: thematization of the Wadden Sea in school lessons (coast n = 1675, inland n = 1444).





	Subject
	Coast (%)
	Inland (%)





	Geography
	15.16
	7.13



	Biology
	12.30
	2.42



	Natural sciences
	22.39
	1.18



	Social sciences
	2.93
	0



	German
	0.96
	1.52



	Physics
	0.54
	0.21



	Religion
	0.30
	0



	History
	0.18
	0



	Sports
	0.18
	0



	English
	0.06
	0



	Indication without subject
	3.34
	0



	No subject thematization
	41.31
	87.05



	Not specified
	0.36
	0.48
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Table 9. Out-of-school with the class dimension: excursion to the Wadden Sea with one’s school class (coast n = 1675, inland n = 1444).






Table 9. Out-of-school with the class dimension: excursion to the Wadden Sea with one’s school class (coast n = 1675, inland n = 1444).





	Subject
	Coast (%)
	Inland (%)





	Yes
	45.25
	7.06



	No
	51.76
	91.20



	Not specified
	2.99
	1.73
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Table 10. Private dimension: visits to the Wadden Sea outside the school context (coast n = 1675, inland n = 1444).






Table 10. Private dimension: visits to the Wadden Sea outside the school context (coast n = 1675, inland n = 1444).





	Subject
	Coast (%)
	Inland (%)





	Never
	15.70
	57.20



	1–2 times
	29.25
	24.79



	3–6 times
	19.46
	9.42



	6–10 times
	8.18
	3.32



	More than 10 times
	27.10
	4.71



	Not specified
	0.30
	0.55
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