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To enable the process of energy transition towards carbon neutrality, it is important to educate the community on the need for social, economic, environmental and institutional transformation, and to educate and inform citizens to participate proactively in this change. This study evaluated the effectiveness of participation by elementary school students in educational activities and citizen science actions in enhancing their scientific knowledge and skills related to Ocean Literacy in the context of climate change. The activities were directed to children (aged 9–11) and involved pre-service teachers, in-service teachers and researchers, in formal and non-formal contexts. A total of 329 elementary school students participated in interdisciplinary science activities, focusing on the cause & effect of climate change in the ocean. They learned to identify rocky shore marine species used to monitor climate change and acquired ICT skills by inserting species observations in a biodiversity mapping platform. Finally, students worked collaboratively to communicate to the community what they have learned through an exhibition at the Museum João de Deus. To assess the impact of the activities on acquisition of scientific knowledge and skills by the students, a mixed methodology was applied using pre and post-tests, analysis of the data inserted by students in the platform, and content analysis of the students’ work for the museum exhibition. The results of pre and post-tests revealed a significant increase in knowledge of the effects of climate change on the rocky shore species distribution, as well as of the importance of monitoring these species distribution. The data from the online biodiversity platform showed that 42% of the species identifications made by the students were correct. The ability of the students to communicate their learning to the wider community was evaluated by the scientific content, structure, presentation and creativity and of posters, models, videos and games produced. Most of students focused their communications and creations on the greenhouse effect, cause & effect of climate change in the ocean and biodiversity. This study reinforces the importance of addressing Ocean Literacy and climate change through formal and non-formal educational activities with an investigative nature.

Keywords: Ocean Literacy, climate change, education, citizen science, elementary students, rocky shores


INTRODUCTION

Ocean Literacy can be defined as an “understanding of the ocean’s influence on you – and your influence on the ocean” (National Oceanic and Atmospheric Administration, 2013). It constitutes a challenge for all society members: the general public especially in their role as consumers and their influence on policy and decision makers (Uyarra and Borja, 2016; Borja et al., 2020). To do this, there is a particular responsibility for scientists working with other professionals, especially educators working in partnership with children to develop greater Ocean Literacy across all society. Children better able to understand the importance of the ocean to humankind and communicate about the ocean in a meaningful way will influence their peers and families; moreover, when adults they will make informed and responsible decisions regarding the ocean, its role in regulating the planet’s climate and sustainable use of its resources (Cava et al., 2005). This is aligned with the UN 2030 Agenda for Sustainable Development (UNESCO, 2017), which among other sustainable development goals (SDG) states: that it is crucial to “ensure inclusive and equitable quality education” (SDG 4), providing students with the knowledge and skills necessary to promote a more sustainable society; “take urgent action to combat climate change and its impact” (SDG 13); plus “conserve and sustainably use the oceans, seas and marine resources for sustainable development” (SDG14).

Educationalists must also react to this compelling need by defining relevant learning objectives and content and by introducing pedagogies on the ocean that empower learners (Santoro et al., 2017). Fauville et al. (2018) state that Ocean Literacy includes three dimensions: knowledge, communication, and decision-making. All of which are supported by the objectives of environmental education defined by UNESCO (1975), namely, awareness, attitude, skills and participation. Thus, it is essential to promote Ocean Literacy at early ages, starting right from the first years of schooling, by adding topics developing Ocean Literacy into curricula (Mogias et al., 2019; Stefanelli-Silva et al., 2019; ALLEA, 2020), such as, the effects of climate change on oceans.

Educational interventions are most successful when they focus on local, tangible, and actionable aspects of sustainable development, climate change and environmental education, especially those that can be addressed by individual behavior (Anderson, 2012). Engagement with climate change is of growing importance to young people, since they will be confronted with its effects throughout their entire lives and, as future decision-makers, they will critically influence societal developments. Thus, education will play a central role in the transformation to a sustainable society (Körfgen et al., 2017).

Our study focused on promoting Ocean Literacy related to climate change cause & effect on marine coastal ecosystems, involving elementary students in inquiry-science activities and a citizen science action. The seven essential principles identified as needed to support the definition of Ocean Literacy relate to the content knowledge that an ocean-literate person should understand by the end of secondary school and result of a comprehensive framework to encourage the inclusion of ocean sciences into curricula, based on the recognition of the lack of ocean-related subjects in formal education (Santoro et al., 2017). Our research investigated learning in elementary school children and tackled principles 5 and 6 and some of the fundamentals concepts listed in Cava et al. (2005) report, namely, (1) principle 5 “The ocean supports a great diversity of life and ecosystems” – major groups of organisms have many representatives living in the ocean; ocean habitats are defined by environmental factors, due to interactions of abiotic factors, ocean life is not evenly distributed temporally or spatially, i.e., it is “patchy”; zonation patterns of organisms along the shore are influenced by tidal ranges and waves; most of the world’s population lives in coastal areas; and (2) principle 6 “The ocean and humans are inextricably interconnected” – humans affect the ocean in a variety of ways, the pollution leads to habitat degradation, as well as the endangerment, depletion, and extinction of ocean species; everyone is responsible for caring for the ocean, the ocean sustains life on Earth and humans must live in ways that sustain the ocean, individual and collective actions are needed to effectively manage ocean resources for all.

Many studies have contributed to the development of climate change education including the contribution of teachers to learning (Ratinen et al., 2013; Oversby, 2015) and the importance of the ideas, questions, science engagement and learning of the students themselves (McCright et al., 2013; Körfgen et al., 2017; Tolppanen and Aksela, 2018; Trott and Weinberg, 2020). Reviews have identified effective strategies for climate change education (Monroe et al., 2019), and on international perspectives regarding climate change pedagogy (Perkins et al., 2018). Approaching climate change education through rocky shore ecosystems with young children is not so common, although there have been some studies on marine and coastal environmental education in the context of global climate change (Berchez et al., 2016), or that analyzed the effect of instruction on children’s knowledge of marine ecology, attitudes toward the ocean, and stances toward marine resource issues and hence Ocean Literacy (Cummins and Snively, 2000).

Citizen science refers to the engagement of non-professionals in scientific investigations by asking questions, collecting data, or interpreting results (Miller-Rushing et al., 2012). Due to advantages such as the amount of data that can be gathered over larger spatial and temporal scales, or the increased scientific literacy and awareness gained by the participants, the diversity and number of citizen science projects is rapidly growing (Bates et al., 2015). According to the level of participation in scientific research, citizen science projects can be categorized as: (1) Contributory, where the data are collected by citizens but the research is designed by professional scientists; (2) Collaborative, generally designed by scientists but where citizens also contribute to the design, analysis, or dissemination elements of the project; (3) Co-created, where citizens are actively involved in helping professional scientists through all stages of the project (Bonney et al., 2009; Miller-Rushing et al., 2012). Rocky shores have been the focus of citizen science aimed at adults, especially in the United Kingdom in recent years, such as, Capturing Our Coast project, which has led to some important papers on climate change responses and distribution of shore biota (Vye et al., 2020).

Citizen science programs are often seen as useful for developing, scientific knowledge, and increasing scientific-reasoning skills among those who participate (Jordan et al., 2011). In the education field, Saunders et al. (2018) emphasize the important role that citizen science can play in school science education. They considered it particularly relevant to address current societal environmental sustainability challenges, since it engages the students directly with environmental science giving them an understanding of the scientific process and the skills to observe local manifestations of global challenges.

There is now widely accepted scientific evidence that the climate is rapidly changing as a result of anthropogenic greenhouse gas emissions), leading in the oceans to increasing temperatures, rising and stormier seas and reducing pH due to absorption of CO2 (IPCC, 2017). In marine ecosystems, rising atmospheric CO2 and climate change are associated with concomitant alterations in temperature, circulation, stratification, nutrient input, oxygen content, and ocean acidification, with potentially wide ranging biological effects (Doney et al., 2011). At the population level, responses to climate change will include changes in abundance, and shifts in spatial distribution of organisms, especially on geographic scales. Intertidal rocky habitats are at the margins of the terrestrial and marine realms; thus, species are subject to environmental challenges of aquatic and aerial climatic regimes (Helmuth et al., 2006). They have long-been used to measure responses to climate fluctuations (Southward, 1980) and more recent rapid climate change (Hawkins et al., 2009; Firth and Hawkins, 2011), especially in the North-east Atlantic (reviewed in Hawkins et al., 2019). In a global warming scenario, interactions such as competition, predation, and mutualism are changing due to shifts in individual interaction strength and the relative abundance of interacting species. Consequently, these changes can drive important local-scale changes in community dynamics, biodiversity, and ecosystem functioning, and can potentially alter large-scale patterns of distribution and abundance (Kordas et al., 2011).

Ocean time-series and spatial surveys can be used to elucidate temporal trends and empirical relationships between biological variables and environmental forcing. Therefore, the record and analyses of long-term data sets are essential for understanding climate change impacts on marine ecosystems (Doney et al., 2011). In the our study, it was not possible to obtain a long-term data of species distribution, but the overall aim was that children would understand the importance of monitoring distribution of species on rocky shores in an area, Portugal, where responses to climate change have been observed (e.g., Lima et al., 2007).

Our investigation was part of a research project “EDUMAR – Educating for the Sea,” which aimed to educate for the preservation and sustainability of the sea and its resources. The target of the project was to create, implement and evaluate educational inquiry science activities and school-aged children participation in citizen science action, focusing on the cause & effect of climate change on rocky shore ecosystems. These educational inquiry activities assumed diverse formats, designed to be implemented in the classroom and out of school contexts, such as, science museums, field work and visits to research laboratories, and were directed to children (4th and 5th grade) with the participation of pre-service teachers, in-service teachers, and researchers. The activities were related to the main theme of the project, with particular emphasis on the awareness of students regarding the importance of monitoring both physicochemical parameters of seawater and species distribution, involving citizen science through the insertion of data on species distribution in an online platform. The school community was also involved in citizen science activities, so that students recognized the importance of their participation, as citizens, in science production and in monitoring the effects of climate change.

We evaluated the efficacy of the participation in inquiry-based educational activities and citizen science action on the students’ Ocean Literacy, particularly in: (1) their knowledge on the cause & effect of climate change and the importance of monitoring marine species distribution, (2) their development of skills, and (3) their integration of knowledge, skills and decision making in collaborative work to communicate results to the community.



MATERIALS AND METHODS


Participants

A total of 329 students of the 4th and 5th grades (aged 9–11 in the 4th to 5th years of formal education at school in Portugal) belonging to 14 classes within 8 elementary schools (4 public schools and 4 private schools of the Association of Jardins-Escolas João de Deus) from the Lisbon region (Portugal) participated in this study. The activities involved pre-service teachers, in-service teachers and researchers.



Procedure

As a part of the project students performed a set of activities related to the cause & effect of climate change in intertidal rocky shores ecosystems, in a formal and non-formal context. Two particular aspects related to the effects of climate change in the ocean were addressed: (i) the importance of monitoring physical and chemical parameters of water and, (ii) the importance of monitoring rocky shore species distribution through citizen science, by inserting data in an online biodiversity platform.

Three educational activities related to cause & effect of climate change on rocky shores and marine species distribution were analyzed.


Museum Activities

The students went to the National Museum of Natural History and Science (University of Lisbon) where they learned, with a team of researchers, issues related to climate change and its impact on marine biodiversity and also how they could identify rocky shore species and register them in the Biodiversity4All/iNaturalist app. This activity was divided in two parts. The first part was mostly theoretical fostering discussion about climate change with the help of infographics, photographs and a booklet provided to each student. Then, the researchers explained the field trip that the students would do afterwards. The rocky shore species that were selected for monitoring were also introduced. These included fourteen common intertidal species plus six species whose distribution has been affected by climate change (three species with observed increased distribution and three species with observed decrease distribution on their geographical limits along the Portuguese coast). The second part was mostly practical and students learned how to identify the selected intertidal species with the help of museum specimens collections and pictures. Students photographed the specimens and inserted the images on the Biodiversity4All platform, using an application on the tablet (iNaturalist). Pre- and in-service teachers supervised and helped students in these 3-h sessions.



Field Trip Activity

All the students went for a field trip to the intertidal zone at Avencas beach, Portugal. Supervised by an adult (pre-service teachers, in-service teachers and researchers), each group (5–6 students) explored the rocky platform during low tide, looking for a particular set of four species to find and register in iNaturalist app. The set of species that each group looked for included common species, and species with increased and decreased distribution limits due to climate change. During approximately 3 h, students used tablets, took photos of the previously selected marine species, inserted the images and registered the specimens in the app. Once they completed this task, they also inserted images of other taxa. The data collection was made by sampling over seven different dates between March and May (two classes per date).



Exhibition

Back in their school classrooms, students prepared, over a month, the collaborative work for an exhibition at the Museum João de Deus, in order to communicate their learnings to the community (general public).

Students worked cooperatively in all activities. In the museum and beach activities, the teachers organized working groups of approximately five students. For the work produced for the exhibition students were organized in small groups or as a class group, according to each in-service teacher and students’ preference (Figure 1).
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FIGURE 1. The activities include (A) Part I, theoretical session at the National Museum of Natural History and Science (University of Lisbon). (B) Part II, practical session at the National Museum of Natural History and Science (University of Lisbon). (C,D) Field trip to Avencas Beach. (E,F) Final works exhibition at João de Deus Museum. All identifiable individuals have delivered a written consent for the publication of the images.




Data Collection

Data were collected through pre- and post-tests to students (n = 292), records of the image observations inserted in the Biodiversity4All platform by the students (n = 407), and the materials produced collaboratively by the students for the exhibition (n = 36).

In order to assess the students’ previous knowledge, a pre-test was applied to students before the beginning of National Museum of Natural History and Science activity. The same test was applied after the activity (post-test). These tests included four questions to assess the students learning on the cause & effect of climate change and the importance of monitoring species distribution: (1) What is climate change?; (2) Choose the correct options to complete the following image (greenhouse effect scheme); (3) What can happen to the species distribution with the increase of water temperature?; (4) How can we help the scientists studying the impact of climate change on species distribution?

To evaluate learning of the identification of coastal marine species, the observational data students inserted in the platform were analyzed. Each observation included a photograph and basic information such as species name, date and location. After each field trip, the data inserted on the Biodiversity4All platform by students was reviewed by the project team for validation and to evaluate performance by the students.

Finally, to assess the impact of the educational activities on the general scientific knowledge and skills development of the students, the materials they produced for the final exhibition were assessed. These three instruments allowed a methodological triangulation approach.



Data Analysis


Pre- and Post-test

The pre and post-tests were analyzed according to a percentage-marking scheme. Each correct answer received twenty-five points; each incomplete answer was scored as twelve and one half points; on multiple-choice questions the score value was divided by the number of correct options; each incorrect answer was scored as zero (0). Only the cases with both pre- and post-tests for an individual student were considered for the analyses.

In order to assess students learning on cause & effect of climate change and the importance of species distribution monitoring, the data analyses involved two steps. First, descriptive statistic was applied to portray relative frequencies of each question at pre- and post-test. Second, a non-parametric Wilcoxon (W) matched pair test for each student was used to look for significant differences in the score from the pre- and post-test. Statistical analyses were performed with the use of the Statistical Package for Social Sciences (SPSS v. 26). For all statistical tests, the significance level was predetermined at a probability value of 0.05 or less.



Platform Data Analysis

Data gathered via the Biodiversity4All portal was analyzed according to the percentage of correct species identification and number of taxa observed.



Students’ Work Content Analysis

Students’ collaborative work, made for the final exhibition, were analyzed through content analysis based on the following categories: content (objectives, scientific contents, ideas and development), structure and presentation (general organization, vocabulary and scientific style), and creativity (originality and used resources) (Table 1).


TABLE 1. Rubric for content analysis of the final works produced by the students.
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RESULTS


Pre- and Post-test

The analyses of the pre and post-tests applied to students (n = 292) revealed a statistically significant difference among the pre- and post-tests scores per student (Wilcoxon test, p < 0.001), with a considerable higher score in the post-test (Figure 2).
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FIGURE 2. Total scores for pre-test (A) and post-test (B). Middle line – median; box lower and upper limits – 1st and 3rd quantiles; points – outliers.


The results of pre- and post-test relative frequency and percentage for each question answer (Table 2), showed an increase in students’ knowledge related to: greenhouse effect (question 2), the effect of the rise of ocean water temperature on the species distribution (question 3) and the importance of monitoring the species distribution (question 4). In question 1, the percentage of students that chose the correct answer remained the same (68%), the percentage of students that chose the wrong option “decrease of atmosphere temperature” slightly diminished, and the percentage of answers “ocean plastics pollution” and “the increase of animals and plants at the ocean” increased comparing to pre-test results. In relation to question 2, the percentage of students answering correctly increased in all items, specifically the answer for greenhouse gas emissions. For questions 3 and 4, the results of the post-test revealed an increase of 54 and 34% of the number of students that gave a complete answer respectively (Table 2).


TABLE 2. Pre- and post-test relative frequency and percentage results for each question.
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Platform Observations

The analysis of data from the online platform enabled assessment of the percentage of correct species identifications by students. It also enabled to assess what species were more frequently confused with others, such as prosobranch limpet species of the genus Patella or pulmonate limpets like Siphonaria pectinata.

Students developed ICT skills to record 407 observations, 41.8% of which were correctly identified. They were also able to observe 38 different taxa. Data from the different identified taxa showed that Patella depressa (116 observations), Siphonaria pectinata (28 observations) and Steromphala umbilicalis (26 observations) were the species more frequently observed (Table 3).


TABLE 3. Frequency of different taxa observed by students at Avencas Beach (Portugal).
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Final Group Work – Exhibition

The content analysis of the final group work, showed that all of them matched the theme of Ocean Literacy related to climate change and rocky shores. The works produced for the exhibition included posters (n = 16), flyers (n = 1) videos (n = 3), music (n = 1), oral presentations (n = 2), board games (n = 10) and scientific models (n = 3). The most relevant topics were the cause & effect of the climate change on rocky shores, (52.8%), the greenhouse effect concept (30.6%) and the climate change concept (19.4%).

Concerning content, 30.6% of the produced works were clear and objective showing fundamental factual knowlegde, 44.4% related and explained concepts and information correctly, and that 30.6% presented an extensive development of the theme, with the main idea supported with details (Table 4). Regarding general organization, 33.3% of the works were very well organized, with a good sequence and structured in themes, and 44.4% used an excellent vocabulary and included complex and meaningful words (Table 4). Finally, regarding creativity, 38.9% of the works were extremely creative in their content and the materials used (Table 4).


TABLE 4. Results from documentary analysis of the final works elaborated by the students (n = 36).
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DISCUSSION

In the present study, climate change was used as an element for improving ocean literacy of elementary students. The impact of the activities on students’ scientific content knowledge and skills, was assessed through a blended methodology. In general, we showed that the inquiry-based activity had a positive impact on their knowledge on cause & effect of climate change and the importance of species distribution monitoring, as well as, on the development of marine species identification, and ICT skills due to participation in citizen science. Additionally, the final group work produced for the exhibitions also highlighted that the activities and being involved in citizen science action had a positive impact on the students collective development of skills, such as, decision making, collaborative work and communication. This reinforces the widely acknowledged idea that innovative and effective strategies for climate change education are needed (Gaudiano and Cartea, 2009), and can be successfully used to help enhance ocean literacy.

Pre and post-tests showed a significant difference between initial and final score, with the higher questionnaire score after the activities. So, as found in Boaventura et al. (2020) inquiry-based activities about climate change had a positive impact on conceptual knowledge and in the development of investigation skills in students in this age range. A rather interesting finding was that in the first question the students seemed to share some difficulty to understand the definition of climate change. Most of the students seem to have misunderstood this concept, and chose the option related with ocean plastics pollution. This is possibly related to cultural misconceptions related to plastic pollution and low levels of correct information in the media (Gowda et al., 1997). Indeed, one of the challenges of climate change education is that the knowledge about climate change is highly affected by coverage in diverse media (Schreiner et al., 2005; Svihla and Linn, 2012). Some studies have shown that the ideas of students about climate change tended to be vague and general (Varma and Linn, 2012; Dawson, 2015) and that many hold misconceptions (Pruneau et al., 2001; Shepardson et al., 2009). The most common misconceptions are related with ozone depletion (Pruneau et al., 2001), and pollution in general (Koulaidis and Christidou, 1999). Nonetheless, all the work presented at the final exhibition were conceptually correct about climate change. This clearly demonstrated that the students had the opportunity to improve learning during the various activities and learn from each other by group work.

Learning about climate change in the context of the ocean also provided a set of opportunities for students to develop both their knowledge and several skills, especially investigation, problem solving and critical thinking (IAP, 2017; Burke et al., 2018; Tolppanen and Aksela, 2018). The analysis of final group work done by students showed that, at the end of the activities, they were able to incorporate all the learned scientific concepts and communicate their reflections to a wider audience in an objective, accurate and creative way. Trott and Weinberg (2020) suggested that climate change learning and action can support the engagement of children with science by emphasizing its real-world significance and by connecting learning with collaborative, community-based action. Through the group work, students had the opportunity to make collective decisions and communicate to the public, promoting also the two other recognized dimensions of Ocean Literacy – communication and decision-making (Fauville et al., 2018). Moreover, the citizen science activities contributed to develop marine species identification skills. Several studies have demonstrated that the participation in citizen science activities had a positive influence on species identification (Reis et al., 2013), along with important contribution to skills development, such as, observation, data collection, the use of scientific protocols, planning, critical thinking, problem solving, teamwork (Bonney et al., 2009; Hillar and Kitsantas, 2014; Queiruga and Saiz-Manzanares, 2018).

The combination of investigation activities with a citizen science activity had a positive result on knowledge and skills, promoting Ocean Literacy. The strategies implemented in our study allowed students to actively engage with the concepts, discuss their understanding and engage with relevant local examples of climate, such as, the cause & effect of climate change on rocky shore ecosystems. Monroe et al. (2019) reinforced that good climate change education strategies should include field trips, data collection and community action projects. Also, our activities promoted the interaction with the scientists and, according with Hallar et al. (2011), the interaction with scientists who study climate change appear to motivate students learning.

Studies of this nature should assume particular importance in Portugal, as Ocean Literacy continues to be marginalized in formal curricular programs (Fauville et al., 2012). According to OECD (2018) the principal obstacles to the inclusion of Ocean Literacy in Portuguese curricula are the excessive fragmentation of curricula into many disciplines, the size of the current programs and the reduced practice of interdisciplinary projects and problem-based learning. However, the recent legislation (no. 55/2018) allowed schools to integrate innovative methodologies and practices representing an opportunity to explore the Ocean Literacy in Portuguese schools. Ultimately, “ocean-literate individuals take action, and through active participation in OL experiences, attach emotion and values to the ocean and its resources” (Barracosa et al., 2019).

Our study reinforces the importance of addressing Ocean Literacy using climate change through formal and non-formal educational activities with an investigative nature. In the future, it will be important to tackle other ocean literacy principles and to promote initiatives including climate change mitigation and adaptation. As for the citizen science action successfully trialed here with elementary school children, it is essential to keep on with such monitoring activities to promote long-term data series (with suitable quality control) and to develop of co-created approaches, between researchers and scholar community, to deepen students and teachers’ participation.
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Question Answer Pre-test (n = 292) Post-test (n = 292)

Frequency Percentage Frequency Percentage

1. What is climate Temperature and 199 68 199 68
change? precipitation changes in a
region over a long period of
time
Ocean plastics pollution 47 16 63 22
The increase of animals and plants at the ocean 9 3 16 5
Decrease of atmosphere temperature 23 8 12 4
No answer 14 5 2 1
2. Choose the correct Answer for Sun Correct answer 276 a5 287 98
options to complete the Incorrect answer 15 5 7 2
following image Answer for Greenhouse effect Correct answer 117 40 131 45
Incorrect answer 175 60 161 55
Answer for Carbon Dioxide Correct answer 100 34 121 41
Incorrect answer 192 66 171 59
Answer for Earth Correct answer 272 93 285 98
Incorrect answer 200 7 7 2
Answer for greenhouse gas Correct answer 200 68 244 84
emissions
Incorrect answer 92 32 48 16
3. What can happen to Complete answer 8 3 167 57
the species distribution Incomplete answer 127 43 72 25
with the increase of Wrong answer 133 46 45 15
water temperature? Imperceptible answer 8 3 3 1
No answer 16 5 5 2
4. How can we help the Save water 106 36 52 18
scientists studying the Recycling 44 15 13 4
Impact of elimate Monitoring the species distribution 11 38 210 72
z:‘;:%zii:: specles Using public transport 16 5 7 2
No answer 16 5 10

Correct answers are in bold.
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Taxa Species’ observation
Frequency Percentage

Patella depressa 116 28.5
Siphonaria pectinata 28 6.9
Steromphala umbilicalis 26 6.4
Corallina sp. 18 4.4
Actinia equina 17 4.2
Paracentrotus lividus 16 3.8
Chthamalus sp., Phorcus sp. 15 3.7
Anemonia viridis, Tritia reticulata 13 3.2
Gastropoda, Ulva sp. 11 2.7
Asparagopsis armata 10 2.5
Lithophyllum incrustans, Mytillus sp., Patella sp. g 22
Actinia fragacea 8 2.0
Marthasterias glacialis, Octopus vulgaris 6 1.5
Chlorophyta, Patella ulyssiponensis, Sabellaria alveolata 5 1.2
Brachyura, Carcinus maenas, Xanthidae 3 0.7
Mesophyllum lichenoides, Paguroidea, Patella vulgata, Phorcus lineatus, Rodophyta 2 0.5
Actinia sp., Anthozoa, Eulalia viridis, Fucacea, Lipophrys sp., Pachygrapsus marmoratus, Sphaerechinus granularis, Mimachlamys varia 1 0.2
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Content Objectives 4 11.1 8 222 13 36.1 11 30.6
Scientific concepts 0 0 12 33.3 1 30.6 13 36.1
Ideas and development 3 8.3 17 47.2 4 1.1 12 33.3
Structure and presentation General organization 1 28 13 36.1 10 207 12 33.3
Vocabulary and scientific style 2 5.6 13 36.1 5 13.9 16 44.4
Creativity Originality and used resources 1 2.8 4 111 17 47.2 14 38.9





