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A good understanding of the role and function of the ocean seems to be of paramount importance in recent years, constituting the basic tool for the promotion of healthy and sustainable marine environment, and a target area of the 2030 Agenda for Sustainable Development. In this study, the content knowledge of elementary school students (grades 3–6) in regards to ocean sciences issues was examined. A structured questionnaire was administered to 1004 students participating in a cross-cultural study from three Mediterranean countries (Italy, Croatia, and Greece). The results of the study indicated a rather moderate level of knowledge in the total sample, while slight differences were recorded among the three countries revealing common knowledge gains and misconceptions. Rasch analysis was applied to further evaluate the validity of the results, while the influence of certain demographics on students’ knowledge level was also investigated. This study concludes with a discussion of the implications on national curriculum development in elementary education level, in order to promote ocean literacy and to ensure protection and conservation of the Mediterranean Sea.
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INTRODUCTION

The ocean is the main physical characteristic that defines our planet making the Earth habitable. It covers over 70% of the Earth’s surface, produces more than 50% of the oxygen in the atmosphere, regulates weather and climate, supports a great diversity of life and provides food available for people all over our planet (Cava et al., 2005). Despite its role as a part of the Earth’s system and its value for human society, the ocean has shown severe signs of change as a result of human activities. Decades of intensive exploitation of marine resources, pollution, coastal urbanization and climate change have led to degradation and even destruction of marine ecosystems, resulting in the deterioration of ocean health and, subsequently, of human health (UNEP, 2001; Giorgi and Lionello, 2008; UNEP/MAP, 2012, 2015). Last WWF Living Blue Planet Report indicates the critical state of the ocean, showing a decrease of 49% in populations of marine organisms between 1970 and 2012 (WWF, 2015). Thus, understanding the ocean is essential to understanding the planet on which we live and, thereby, is essential to its sustainability (Cava et al., 2005).

The Mediterranean Sea, in particular, the largest and deepest enclosed sea on Earth, is one of the most important global biodiversity hotspots since it hosts 7% of the world’s marine biodiversity with a high percentage of endemic species (Coll et al., 2010, 2012), though it holds only 0.82% of the global ocean surface (Blondel et al., 2010). This particular ecosystem has been strongly affected by human activities for millennia (Lotze et al., 2011), and therefore it has been suffering from overexploitation and habitat loss long before the Industrial Revolution (Coll et al., 2010). At present, the Mediterranean Sea is characterized as “under siege” (Coll et al., 2012), due to the impacts of multiple human-induced pressures such as urbanization and mass touristic development (30% of world tourism occurs in the Mediterranean Sea per year), overfishing of more than 90% of fish stocks, different types of pollution, and climate change, which crucially altered the Mediterranean Sea environment (UNEP/MAP, 2012; Volosciuk et al., 2016; Fernandes et al., 2017; Garcia-Nieto et al., 2018). Cumulative and synergetic effects of these pressures have led to severe loss of biodiversity along with impacts on biological communities, ecosystem functioning and its capacity to provide essential goods and services to human society (Guidetti et al., 2014).

International initiatives and instruments, such as the International Convention for the Prevention of Marine Pollution from Ships (MARPOL 73/78), the United Nations Convention on the Law of the Sea (UNCLOS, 1982), Rio Declaration on Environment and Development (1992), Jakarta Mandate on Marine and Coastal Biological Diversity (1995), Code of Conduct for Responsible Fisheries (1995), the London Protocol (1996), the Kyoto Protocol (1997), World Summit on Sustainable Development (2002), Earth Summit (2012), the UNESCO Roadmap for Implementing the Global Action Program on Education for Sustainable Development (2014), all reflect humans’ attitudes and awareness toward the ocean environment. Similar initiatives and policies have focused particularly on the Mediterranean region. In 1975, the Mediterranean Action Plan (MAP) was adopted and this was the first-ever Regional Seas Program under the United Nations Environment umbrella, followed by the Convention for the Protection of the Mediterranean Sea against Pollution (Barcelona Convention, 1976). Furthermore, all Mediterranean countries are members of the International Maritime Organization (IMO), which is the United Nations body with primary responsibility for international shipping. Several key EU policies are also important for the protection and sustainability of the Mediterranean region, such as the Common Fisheries Policy (EC/170/83), the Habitats Directive (92/43/EEC), the Water Framework Directive (2000/60/EC), the Marine Strategy Framework Directive (2008/56/EC), the Blue Growth Strategy (COM (2012) 494), and the Maritime Spatial Planning Directive (2014/89/EU).

To protect, conserve and sustainably use marine resources, citizens of all ages need to know and understand the connection between man and sea, i.e., to be ocean-literate citizens. Ocean literacy has been defined as “an understanding of the ocean’s influence on you and your influence on the ocean” (Cava et al., 2005). Beyond understanding, an ocean literate citizen uses ocean knowledge and awareness of ocean issues to communicate about the ocean in a meaningful way and make informed and responsible decisions. To this aim, United Nations has declared a Decade of Ocean Science for Sustainable Development 2021–2030, and Agenda 2030 for Sustainable Development including 17 goals (SDGs) (United Nations, 2017), among which the approval of a stand-alone goal on the ocean (i.e., SDG 14) has been a major achievement for the global ocean community (Santoro et al., 2017b). In 2017, the United Nations convened a high level “Our Ocean” conference to support the implementation of SDG 14. One outcome of this conference was an inter-governmentally agreed declaration ”Call for action” of whose Article 13a reads as follows: ”Support plans to foster ocean-related education, for example as part of education curricula, to promote ocean literacy and a culture of conservation, restoration and sustainable use of our ocean”, hence emphasizing the importance of ocean literacy. To successfully achieve SDG14, ocean-literate and therefore engaged citizens, from the general public to scientists and decision-makers, are needed. Consequently, promotion of ocean literacy in elementary and secondary education is vital (Visbeck, 2018), as children represent the future citizens and consumers, who will develop attitudes and make decisions that will inevitably affect the environment. Children are also important agents of social change in society, because apart from performing responsible environmental behaviors themselves directly, they also have the potential to bring about change by influencing the environmental knowledge, attitudes and behaviors of peers, family and of the wider community (Hartley et al., 2015).

Unfortunately, national school curricula worldwide lack ocean literacy-related issues (Visbeck, 2018), and in some cases, as in New Zealand, they do not even include the word “ocean” (Gough, 2017). Furthermore, coastal and marine topics are almost absent in Science and Geography curricula in different countries such as United Kingdom and Canada, while limited reference to related issues is also evident in Brazilian, Chinese, and Australian curricula (Gough, 2017). Lately, an Ocean Education Curriculum was also created in Japan (Ocean Policy Research Foundation, 2011) in order to promote ocean education in elementary and secondary education. Universities also lack ocean literacy-oriented training programs (Visbeck, 2018), while the absence of ocean topics, particularly in teacher preparation programs, is evident (Payne and Zimmerman, 2010).

Although the ocean practically defines our planet, relative knowledge still appears inadequate (The Ocean Project, 2009; Gelcich et al., 2014; Chen and Tsai, 2015; Guest et al., 2015; Mogias et al., 2015). This lack has been evidenced since the birth of marine education in mid 1970s, with the definition itself of “Marine and Aquatic Education” (Goodwin and Schaadt, 1978), a forbearer of ocean literacy, and of the first academic studies in this field (e.g., Fortner and Wildman, 1980; Fortner, 1985; Fortner and Lyon, 1985). After these pioneering investigations, marine education and related topics have been addressed by numerous surveys carried out among different target groups, and spanning from the general public to students as well as their teachers. Analysing the literature, some large surveys have addressed the knowledge of the general public mostly in the United States and Europe; most of these studies have shown people to be concerned about pollution, industrial toxic waste, and overfishing, but to have poor knowledge of other ocean issues (e.g., ocean acidification), and little trust in individual action, despite the positive attitudes toward behavioral changes for the sake of ocean environment (e.g., Belden Russonello and Stuart, 1999; Steel et al., 2005; Fletcher et al., 2009; The Ocean Project, 2009; Gelcich et al., 2014; Perry et al., 2014; Capstick et al., 2016). A few published surveys on pre- and in-service teachers have revealed a rather moderate knowledge of ocean science (e.g., Boubonari et al., 2013; Mogias et al., 2015; Dromgool-Regan et al., 2017; Hartley et al., 2018). Published research on the knowledge of ocean issues among college and university students from different countries (e.g., United States, Taiwan, China, Australia) is also scarce, revealing moderate knowledge (Ballantyne et al., 2005; Cudaback, 2006; Chen and Tsai, 2015; Danielson and Tanner, 2015; Umuhire and Fang, 2016). On the contrary, most of the studies focusing on the knowledge of the ocean environment have been performed on elementary and secondary school students, mostly in the United States (e.g., Brody and Koch, 1986; Fortner and Mayer, 1989; Brody, 1996; Rodriguez-Martinez and Ortiz, 1999; Ballantyne, 2004; Lambert, 2006; Plankis and Marrero, 2010; Guest et al., 2015). Further to the above, learning activities and school programs have also been investigated through interventional studies, revealing students’ knowledge improvement, especially after first-hand experiences on ocean-related topics (e.g., Fortner and Teates, 1980; Fortner, 1985; Cummins and Snivelly, 2000; Lambert, 2005, 2006; Stepath, 2007; Plankis and Marrero, 2010; Hartley et al., 2015, 2018).

The aim of the present study, which constitutes the first cross-cultural attempt at the elementary school level, is two-fold: (a) to evaluate and compare students’ knowledge about ocean sciences issues according to the ocean literacy framework, and (b) to examine for possible common misconceptions among three Mediterranean countries. The present study illustrates the level of students’ ocean literacy on a sub-regional level, and provides guidance for a more focused and sound design, development, and implementation of marine-friendly curricula in terms of elementary school courses and textbooks, in-service teacher training, and pre-service teacher preparation programs.

The Ocean Literacy Framework

Ocean literacy has received increased attention in recent years (e.g., Steel et al., 2005; Buckley et al., 2017), while the interest on issues related to marine education and the aquatic environment has its roots in the environmental movement of the 1960s and 1970s (Marrero and Moore Mensah, 2010). Consequently, the need for marine and aquatic education had already been underlined and studied since the early 1970s (e.g., Charlier and Charlier, 1971; Schweitzer, 1973; McFadden, 1973; Goodwin and Schaadt, 1978; Fortner and Wildman, 1980; Madrazo, Jr., and Hounshell, 1980; Picker, 1980; Dresser and Butzow, 1981; Rakow, 1983/1984; Picker et al., 1984; Fortner, 1985; Fortner and Lyon, 1985). However, it was marginalized and reborn as an official ocean literacy movement in 2004 in the United States. After an extensive process of continuous meetings and constructive discussions, ocean literacy was defined as “an understanding of the ocean’s influence on you, and your influence on the ocean,” (Cava et al., 2005), and two documents comprising the Ocean Literacy Framework, were developed: a) the Essential Principles and Fundamental Concepts of Ocean Sciences (National Oceanic and Atmospheric Administration [NOAA], 2013), which represent the major ideas that high school graduates should know and understand about the ocean and its significance in the earth system, and b) The Ocean Literacy Scope and Sequence (National Marine Educators Association, 2010), which provides information and guidance as to what students need to comprehend in different grade bands in order to achieve a full understanding of the seven ocean literacy principles and their concepts.

These guidelines, developed to help implement an ocean-dedicated curriculum in the United States, are now largely accepted and have been an inspiration for several initiatives worldwide (Fauville et al., 2018). The U.S. National Science Foundation has invested more than $40M for a 12 year period in a network of Centers for Ocean Sciences Education Excellence, and the European Union (EU) invested more than €7 M in two large international ocean literacy-dedicated projects, SeaChange and ResponSEAble (Fauville et al., 2018). Furthermore, the EU, United States, and Canada signed a transatlantic ocean research alliance that identifies ocean literacy as one of the key areas for cooperation among marine scientists (Costa and Caldeira, 2018). New professional organizations and networks, similar to the U.S. National Marine Educators Association (NMEA), have emerged, including the International Pacific Marine Educators Network (IPMEN), the European Marine Science Educators Association (EMSEA), the Canadian Network for Ocean Education (CaNOE), and the Asia Marine Educators Association (AMEA).

In 2015, a group of researchers and educators from the Mediterranean region (forming the EMSEA Med working group) started an effort to adapt them to the specificities of the Mediterranean Sea. As a result of this procedure, the Mediterranean Sea Literacy (MSL) guide was developed consisting of 7 principles and 46 concepts which describes different aspects of the Mediterranean Sea and its connection to people and society (Santoro et al., 2017a; Realdon et al., 2018). The goal of the MSL guide is to provide basic fundamental knowledge about the Mediterranean Sea to educators, teachers, scientists, Non-Governmental Organizations, blue business sector and policymakers, thus help to achieve awareness, and therefore a blue and sustainable Mediterranean region at all levels of society.

MATERIALS AND METHODS

Participants

A cross-cultural study was conducted to a group of elementary school students from three European countries located on the coasts of the Mediterranean Sea, namely Italy, Croatia, and Greece (Figure 1). Our research employed a convenience sampling method with the constraint that participants fit into groups stratified by grade level. Third to 6th-grade students from 20 schools and 17 cities, located in north-western and north-eastern Italy, central coastal Croatia, and northern and southern Greece, comprised the final sample (Figure 1), while special attention was paid to obtain similar percentages of gender representation. As a result, the final sample was comprised of 1004 students; forty-eight percent of the participants were females.


[image: image]

FIGURE 1. Sampling locations of the three Mediterranean countries participating in the study.



Instrument

For the needs of the present study a structured questionnaire to investigate knowledge related to ocean sciences issues was developed taking into consideration previous research (Greely, 2008; Mogias et al., 2015; Fauville et al., 2018), and following the guidelines of the seven essential principles of the Ocean Literacy Framework (National Oceanic and Atmospheric Administration [NOAA], 2013) and the Ocean Literacy Scope and Sequence (NMEA, 2010), which actually provides the guidelines for what it should be taught in certain grade bands. More specifically, the questionnaire contained a set of demographic and sixteen multiple choice questions targeted in certain principles of the framework (Table 1). Demographics highly supported anonymity of the participants, and the non-sensitive collected data from the three EU countries (Italy, Croatia, and Greece) cannot be rated as “personal data,” according to EU General Data Protection Regulation (EU 679/2016, article 4, paragraph 1); therefore an ethics approval was not required as per applicable institutional and national guidelines and regulations. The items of the knowledge scale were close-ended, making the instrument easy to use, code, and score for statistical purposes. Each correct answer received a value of 1 and incorrect a value of 0; therefore, the score could vary between 0 and 16 (mean value 8.5 portrays the balance point of the scale). Lower scale scores indicated lower student knowledge and vice versa. All items consisted of three well distinct distractors, considering the young age of students, and common for all countries except for items 5 and 7 which used region-specific wording; in the former case, the name of each country was referred and in the latter, the Tyrrhenian and the Adriatic Seas were used for the Italian sample, the Adriatic alone for the Croatian, and the Aegean Sea for the Greek sample, respectively.

TABLE 1. Alignment of the survey questions with the seven essential principles of the Ocean Literacy Framework.
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The original survey was first developed in English as a common language among the researchers, and then the national versions were written in Italian, Croatian, and Greek languages using translation and back translation (Brislin, 1970). It was examined for content validity in terms of content clarity, language, and difficulty, and also the extent to which the items truly represented basic concepts of ocean literacy principles, by a panel of marine scientists and marine educators. Furthermore, a team of four in-service teachers assigned the corresponding grades 3–6 from each country with a minimum of 5 years of classroom experience was asked to point out the items they did not fully understand; thus their comments were taken into consideration and led to modifications, mainly of the wording. In an effort to further validate the instrument, students’ responses were evaluated using the Rasch model for dichotomous items. The family of Rasch models, based on the original ideas and theory of Rasch (1960), has been widely employed for the psychometric evaluation of assessment instruments in science education (Boone and Scantlebury, 2006; Boone et al., 2011, 2014). The main outcome of a Rasch analysis is a unidimensional line or continuum along which test items and persons are located according to their difficulty and ability measures, respectively. Ability is used here as a generic term to indicate the level of achievement of a person on a particular test in a particular area. The response patterns observed on the test items are examined against the model requirements, which include latent monotonicity, local independence, unidimensionality and specific objectivity (e.g., see Wilson, 2004; Bond and Fox, 2007, for an introduction to Rasch analysis). Rasch models are compatible with fundamental measurement (Boone et al., 2011) and offer certain advantages as construct validation tools (Baghaei, 2008). In particular, the dichotomous Rasch model, is one of the dominant models for analyzing binary items (e.g., success/failure) in psychometrics. Rasch analysis was conducted separately on the data of each country, using the R-package eRm (Mair and Hatzinger, 2007; see Figures 2–4). The person-item-map displays the distribution of person parameters across the latent construct (questionnaire) in association with item difficulty parameters. This shows whether the distribution of person parameters is approximately normally distributed and it allows investigating whether the items are distributed across the whole spectrum of the latent construct. Figures 2–4 display the person – item maps for the three countries (Italy, Croatia, and Greece, respectively). The distribution of person parameters is approximately normal for all three countries. In the case of Italy items are distributed across the whole spectrum of the construct indicating that the questionnaire is well suited for the specific student population, while in the case of Croatia and Greece the instrument appears to be not that well suited for students of lower ability levels. The analysis revealed that item separation reliability for each subscale was rather low (0.4638, 0.4202, and 0.5292 for Italy, Croatia, and Greece, respectively), and therefore the item estimates are to be interpreted conservatively. Even though the item separation reliability was proved to be lower than expected, there are points of great interest in terms of the relative difficulties among the response categories, which constitutes the actual scope of the paper.
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FIGURE 2. Person-Item map for Italy.
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FIGURE 3. Person-Item map for Croatia.
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FIGURE 4. Person-Item map for Greece.



Background Factors

The questionnaire also included questions about students’ gender, grade level, participation in any kind of nature-related activities, and use of television documentaries as the main information source about general environmental issues.

Data Collection and Analysis

Prior to the administration of the survey instrument, participants were informed about the purpose of the study and the voluntary basis of participation from their classroom teachers. Moreover, the researchers from all three countries ensured the official approval of the participating schools’ principals to administer the questionnaire, while written and informed consent was obtained from the parents of all participants in Italian and Croatian schools, and oral and informed consent was obtained from the parents of all participants in Greek schools for participation in this study; both consent procedures followed were in accordance with applicable institutional and national guidelines and regulations. Questionnaires were administered in the classroom in February–June and September–October 2018. Completion time ranged between 20 and 30 min.

Data analysis involved the following two steps. As this was the main focus of our study, in the first step descriptive statistics were applied to portray frequencies and knowledge scores of the participants as a whole and for each country separately, with regard to certain grade levels. The second step referred to the use of t-tests and one-way analyses of variance (ANOVA) to assess the effects of background variables on students’ knowledge as well as possible differences among the three sample sub-groups. Statistical analyses were performed with the use of the Statistical Package for Social Sciences (SPSS v. 21); for all statistical tests, the significance level was predetermined at a probability value of 0.05 or less.

RESULTS

Background Data

From the 1004 students comprising the total sample in the present study, 41.2% resulted from Greece, 35.1% from Italy, and 23.7% from Croatia. The percentages of participation recorded for each grade level were 12.4% for grade 3, 31.8% for grade 4, 30.2% for grade 5, and 25.7% for grade 6, respectively. Detailed sample characteristics per country and grade level are given in Table 2. The majority of the students grew up in a coastal hometown environment, as their schools seem to be in an immediate vicinity to the sea, few were located at a slightly bigger distance (between 5 and 25 km), while students of two Greek cities and one Italian, consisting 25.1% of the total student sample, were located in a distance larger than 30 km far away from the nearest coast; moreover, only 7.6% of the participants, coming exclusively from a Greek city, had a direct access to a marine institute and an aquarium. Furthermore, 75.5% of the students argued that they had already taken part in some kind of nature activities in their schools, while almost 60.0% of them claimed to have made use of television documentaries as the main information source for general environmental issues.

TABLE 2. Sample characteristics of the participating countries per grade; y.o. stands for years-old.
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Ocean Content Knowledge

Elementary school students were found to possess a rather moderate level of ocean sciences content knowledge exhibiting scores slightly above the balance point (8.53/16), ranging between 7.78 (±2.557) for the Greek sub-sample and 9.18 (±2.223) for the Italian one. Table 3 shows the frequencies of correct answers per country and question. More specifically, the mean correct values were 57.4, 54.0, and 48.6% for Italy, Croatia, and Greece, respectively; identifying a cut-off limit of 70% of correct answering, 7 out of 16 questions for the Italian students were met, four for the Croatian, and three for the Greek students; while no significant difference was detected among the three sub-samples in six out of the total 16 questions (items 5, 6, 8, 9, 15, and 16), post hoc analysis revealed a statistically significant difference among all three countries only in four questions (items 1,2,3, and 14), indicating in some extent similarities in both knowledge gains and misconceptions (Table 3).

TABLE 3. Relative frequencies of correct answers, and p-values per question among the three countries (bold letters indicate high similarities).
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Furthermore, the ordering of the knowledge items from Rasch Analysis demonstrated in Table 4 showed an interesting pattern of responses among the three countries. Items at the base of the scale implied the most difficult ones, while those at the top of the scale indicated the easiest ones to correctly answer. This item placement in the scale clearly revealed that students presented, with some variations among the three countries, greater difficulty in identifying that oxygen originates mainly from the ocean (question 8); all sub-samples managed to give correct answers in very low percentages, hardly ranging between 18 and 20%, while almost two thirds of them clearly chose woods and meadows as the main source of oxygen. Question 5 concerned knowledge about the global water cycle and the origin of evaporated water; all students misplaced the correct answer, namely the warmer seas far away from the participants’ temperate countries, in the last position with frequencies varying between 20 and 25%, as they presented the nearest seas as their first choice and the land after a rain as their second one. Another very difficult item was proven to be the first one, pertained to the connectedness of the global ocean; students commonly disregarded the ability for a boat to hypothetically reach every oceanic basin, by presenting high preference for the nearest Atlantic Ocean. Question 7 was very close to that item, as the majority of students confirmed their ignorance of the one and only interconnected ocean by responding that the Aegean Sea for the Greeks, the Tyrrhenian and the Adriatic for the Italians, and in lower extent the Adriatic Sea for the Croatians are all connected solely to the Mediterranean Sea and not the rest of the seas worldwide (Tables 3, 4).

TABLE 4. Item difficulty (in logits) obtained via Rasch Analysis on the data of each country.
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Contrary to these difficult to answer items, questions 2, 4, 10, 13, and 15 were generally easy for the students to answer. More specifically, the majority of the participants were able to easily identify that ocean research is a basic prerequisite for its protection, that fish fossils, wherever met on land, were formed sometime during the past in the sea, that the ocean hosts a great diversity of life in different parts of its vast volume, that the coastlines are continually been shaped by sea water motions, and that most of the earth’s water occurs in the seas and the oceans (Tables 3, 4).

On a grade level basis, although the values slightly varied among the three countries, a rather similar progression pattern in the knowledge level was detected for Croatia and Greece, while this was not the case for Italy (Figure 5). More specifically, in the former case a small decrease in grade 4 and a progressive increase in scores during grades 5 and 6 was illustrated; for the Greek sub-sample, this score progression appeared to be more intensive. On the other hand, the Italian sample revealed a slight gradual decrease in scores with progressing in grades. The mean score values among grade levels are also given in Figure 5.
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FIGURE 5. Knowledge scores for each country, and mean values per grade level.



Relationships Between Knowledge and Background Factors

In the total sample, male students demonstrated slightly higher knowledge level (mean score: 8.56 ± 2.540) than female students (8.38 ± 2.377) but no statistically significant difference was observed [t(1002) = -1.193, p = 0.233]; while the Italian and Greek sub-samples showed similar trends regarding gender, Croatian female students revealed higher knowledge scores, but with no statistically significant difference as well. Students who had participated in some kind of nature-related activities within their formal school settings revealed significantly higher mean scores (8.66 ± 2.453) in comparison to students with no such experience (7.91 ± 2.414) [t(1002) = 4.163, p = 0.000]; this was exactly the case for each country separately. Moreover, students who used to make use of TV documentaries for obtaining environmental information also demonstrated significantly higher knowledge scores in the total sample (8.84 ± 2.401) compared to the others (7.96 ± 2.462) [t(1002) = 5.619, p = 0.000]; no statistically significant difference was recorded in the Croatian sub-sample in particular.

On a country basis, it appears that there was a significant difference among Italy, Croatia and Greece (9.18 ± 2.223, 8.64 ± 2.314, and 7.78 ± 2.557, respectively) [F(2, 1001) = 33.656, p = 0.000], while post hoc analysis revealed three distinct groups, corresponding to the three countries under study. One-way analysis of variance was also applied on a grade basis, where no significant difference was found among the grade levels [F(3, 1000) = 0.722, p = 0.539]. Possible relationships between coastal and non-coastal hometown participants’ knowledge within each country separately were investigated; Croatia was not included in this analysis as the participating schools were all from the same coastal city. For the Italian case, results revealed that there was a significant difference among students’ locations [F(17, 334) = 2.910, p = 0.000], showing a trend that schools closer to the coast seem to demonstrate rather higher scores; no such pattern was observed in Greece since some inland cities presented higher knowledge scores than some coastal ones. Finally, mean score differences were examined between schools with direct access to a marine institute and an aquarium and schools with not such access; with mean values 9.84 (±2.281) for the former case and 8.36 (±2.445) for the latter, a statistically significant difference [t(1002) = 5.098, p = 0.000] is apparent in favor of the students who have accessibility to these non-formal educational settings.

DISCUSSION

In the present study, elementary school students (grades 3–6) of three Mediterranean countries, i.e., Italy, Croatia, and Greece which together cover almost 65% of the total Mediterranean coastline, were found to possess rather moderate knowledge of ocean sciences issues, holding also some misconceptions. The majority of the participants was located in coastal areas and drew on their ocean content knowledge mainly from school environmental activities and TV documentaries. More specifically, the Italian students turned up to have a relatively higher ocean-related knowledge level than the rest of their counterparts, but with a slightly decreasing trend in higher grades. This was not the case for the Greek students who although appeared less knowledgeable among the three countries, their ocean-related knowledge increased progressively with higher grades; Croatian students followed a rather similar to the Greek’s pattern. Our findings, in terms of students’ knowledge level seems to be in line with studies from other countries (e.g., United States, United Kingdom, Mexico, Canada, South Africa, and Korea) focusing on similar school grades (Brody and Koch, 1986; Fortner and Mayer, 1989; Brody, 1996; Rodriguez-Martinez and Ortiz, 1999; Cummins and Snivelly, 2000; Ballantyne, 2004; Kim et al., 2013; Hartley et al., 2015, 2018). To the best of our knowledge, only a study from Taiwan evidenced a high level of correct answers concerning knowledge of the marine environment (Wen and Lu, 2013). It should be noted though that most of these studies investigated students’ knowledge only as a part of assessments addressing also attitudes and often behaviors. Moreover, and probably due to the relative novelty of the ocean literacy framework, only a few studies have investigated specifically the knowledge concerning ocean literacy principles; Wen and Lu (2013) addressed only some of them, while Fauville et al. (2018) investigated students aged 16 and older.

Participants’ rather moderate knowledge could be attributed to the fact that ocean sciences do not constitute a basic part of the educational system in Italian, Croatian, and Greek national curricula, as well as in most European Countries. More specifically, although there is no official reference to the sea in Italian elementary school science curricula, revealing a gap which is covered in some extent by the geography curriculum, sea-related topics are present in elementary school textbooks and therefore probably addressed by most teachers. The Croatian elementary school science curriculum seems to be much more sea-oriented as it foresees an environmental education approach to water and sea, with specifications about water and life, water cycle, coastal landscape, and the Adriatic Sea. According to the Greek curriculum, among the topics addressed in primary school textbooks, marine ecosystems and human influence on the sea can be found along with a superficial and fragmented mention of ocean and regional seas characteristics. In any case, initiatives, originating from Environmental Education Centers and from teachers with remarkable enthusiasm in running environmental education programs, are present in all three countries under study, but they cannot actually meet the needs for a meaningful ocean education.

A rather interesting finding is the fact that the majority of students seemed to share the same difficulty in answering certain questions, and at the same time they showed the same efficacy in correctly answering others, indicating cross-cultural similarities in both knowledge gains and the existence of common misconceptions. Some of the wrong perceptions emerged from this study can be described as true misconceptions for being shared by a large percentage of the students under the present study, but also emerged in others researches and academic catalogs. Misconceptions, or “ideas that are at variance with accepted views” (Fisher, 1983), are not simple mistakes due to ignorance; they are extremely widespread within science (and non-science) subjects so that to be considered a universal trait among children, teenagers and, to some extent, adults. Ocean sciences and ocean literacy are no exceptions.

The most difficult question concerned the origin of atmospheric oxygen, in which less than 20% of students answered correctly, which was the ocean and not the widely chosen woods, meadows or the tropical forests. Brody and Koch (1986) evidenced a similar difficulty in a sample of students from Maine (United States). This topic, including the primordial origin of O2 in earth’s history, also resulted very hard to answer for students older than 16 years (Fauville et al., 2018). The misconception about the origin of atmospheric oxygen also emerged in a highly cited list of Earth science misconceptions compiled by Phillips (1991) and is quoted among the “Ten Forest Myths” by Cook (2018).

Two other questions with low levels of correct answering were those about the connectedness of all seas in one single and united water mass, revealing a misconception in elementary grades, namely the inability to perceive the connectedness of all seas in one single water mass, which appears only marginally to be addressed in published research and therefore needs further investigation. Most of the students seem to have misunderstood this concept, deemed so fundamental to be chosen as the 1st ocean literacy principle. This topic is actually missing or superficially stated in elementary school curricula and textbooks of the countries under study, while geography curricula still insist to focus on different ocean basins and their names, thus hindering the connectedness of the one and only vast ocean. In the literature so far, students’ perception of ocean basins was marginally investigated only by Brody (1996), within a research concerning knowledge of Oregon’s marine resources in a sample of 4th, 8th, and 11th grade students who viewed nearby ocean as a sort of “bowl” with rocky/sandy bottom. In 2007, a list of 110 Ocean misconceptions quoted “The ocean is basically a bowl, deepest in the middle” and “The three big oceans are not connected; each acts alone”; unfortunately, this datum has a limited value because, according to the author, the list was compiled upon anecdotal basis (Feller, 2007). On the contrary, an international study among a large number of older (>16 years old) students revealed that this concept was quite easy for them to correctly answer (Fauville et al., 2018).

Another difficult question for the students of this study was the one on the knowledge of the global water cycle. Most respondents believed that the origin of rainwater was from their proximal sea, instead of the remote warmer tropical ocean. Even if these students are probably familiar with the water cycle in all three countries from early elementary grades, apparently they do not perceive its global dimension. Gaps in understanding the basic processes, connections, and magnitude involved in the water cycle, have been evidenced in previous research among school students (e.g., Ben-zvi-Assarf and Orion, 2005), university students (e.g., Cardak, 2009) as well as pre-service teachers (e.g., Mogias et al., 2015). Children’s misconceptions about the water cycle were also reviewed by Brody (1993) and listed by Henriques (2000) within literature-referenced weather misconceptions. Results about students’ knowledge of the connectedness of all seas and of the global water cycle seem to highlight a common element: “environment” as referred to, is essentially conceived as a space surrounding pupils’ life rather than a global milieu (Squarcina and Pecorelli, 2017).

Although the proximity of the Italian students’ residence to the sea seems to have affected their knowledge level, this was not the case for the Greeks, where in some cases “inland” students appeared to be more knowledgeable regarding marine issues than “coastal” ones. Relevant literature reveals that, when people experience coastal environments in their childhood and come closer to certain coastal and ocean problems, they are more likely to practice certain skills important for scientific inquiry, obtain relative content knowledge, and therefore develop an interest in nature and later work for its protection (e.g., Chawla, 1999; Cicin-Sain and Knecht, 2000; Steel et al., 2005; Bennett and Hiebert, 2010).

Additionally, in one of the Greek sub-samples, students who live near or have easy access to non-formal educational settings such as an aquarium and a marine research institute, appeared to possess significantly higher level of marine content knowledge, probably indicating the contribution of such educational environments, as well as the self-confidence and enthusiasm of the teachers who take advantage of these settings. It has been revealed that visits to aquaria and zoos have a measurable impact both on knowledge and attitudes (Falk and Adelman, 2003; Falk et al., 2007). As Ballantyne (2004) argues, such non-formal settings are well placed to address misconceptions by designing exhibits, which accurately demonstrate various phenomena and help children distinguish between them.

Furthermore, students’ participation in any kind of nature-related activities within their schools revealed higher knowledge scores in the three countries under study, in comparison to their counterparts with no such experience. The need for ocean literacy activities in the classroom has been pointed out from the very first beginning of the Ocean Literacy Framework launching in the early 2000s (e.g., Schoedinger et al., 2006), while in-school environmental activities promoting inquiry-based and authentic problem-solving learning have shown to increase various aspects of students, such as knowledge among others (e.g., Erdoğan et al., 2009).

Finally, gender differences in marine content knowledge seem to have emerged to some extent from the present study, since in both Italian and Greek sub-samples male students tend to be more knowledgeable than their female classmates, while this was not the case for Croatia. This is not an unexpected finding as a tendency seems to be ascertained with males prevailing in content marine knowledge (e.g., Guest et al., 2015) or general environmental or science knowledge (e.g., Meinhold and Malkus, 2005; Martin et al., 2016); relevant literature also supports opposite results (e.g., McCright, 2010).

Although the present study cannot represent the whole student population of the respective countries and therefore cannot allow for unconditioned generalizations, results have potential implications in different directions within formal education, namely curriculum designers, textbooks authors, in-service teachers, and pre-service training programs. More specifically, having in mind of what Strang (2008) suggests, that we cannot be science literate without being ocean literate, there are implications with regard to the curriculum designers and textbook authors, who are most probably unaware and should be essentially informed of the existence of the Ocean Literacy Framework for the needs of future education reforms on a national level. Accordingly, for in-service teachers who probably miss ocean sciences subject matter knowledge, they should be offered training seminars, especially in subject matters not widely encompassed into the school practice, as the ocean sciences issues, offered by professionals, such as marine scientists and marine educators. Finally, regarding teacher training programs, these should incorporate more intensive opportunities for the prospective teachers to acquire environmental knowledge in general and marine knowledge in particular, aligned with the lately introduced Education 2030 Agenda (UNESCO, 2017).

As elementary school students still maintain their natural curiosity about the world that surrounds them, early capturing their attention by adding ocean literacy-related topics in national curricula, and continually nurturing their inherent curiosity in higher education levels, is fundamental (U. S. Commission On Ocean Policy, 2004). Only ocean-literate future citizens will be able to understand ocean-related issues and will have the ability to take responsible decisions; after all, they will be the ones that will fully comprehend that the vitality of the ocean is inextricably connected to their own survival.
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Ocean literacy essential principles Questions

1. Earth has one big ocean with many features 17,13
2. The ocean and life in the ocean shape the features of Earth 2,10
3. The ocean is a major influence on weather and climate 5,11

4. The ocean makes earth habitable 3,8
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