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Abstract: Even though the ocean is a defining feature on Earth that regulates climate and provides
oxygen, food, and jobs, students still have low to moderate marine and ocean literacy knowledge.
Ocean literacy is an understanding of the ocean’s influence on people and people’s influence on
the ocean. It is an emerging need necessary for ensuring the sustainability of the ocean and its
resources. The UN has declared a Decade of Ocean Science for Sustainable Development, and one
of the priority research and development areas is ocean literacy. Unfortunately, marine science
and ocean literacy topics are poorly represented in school curricula across the world. This study
presents the level of marine knowledge in a sample of primary school students before and after
different themed non-formal educational interventions and the effect of non-formal educational
activities on students’ knowledge. These activities led to significant increase in the knowledge level
three weeks after they were performed, indicating the retention of gained information. Performed
educational activities and knowledge transfer from graduate level to primary school level significantly
increased the level of students’ knowledge, and consequently ocean literacy, and revealed some of the
learning misconceptions. Results of this study show that there is a need for an integrated approach to
the teaching of Ocean Literacy starting from the early grades by combining teacher’s professional
development, strengthening ocean-related topics in school curricula, and promoting non-formal
educational activities.
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1. Introduction

Even though the ocean is crucial for the health of the planet and human well-being (oxygen
production, food, climate regulation, etc.), it is facing numerous anthropogenic threats. Pressures such
as pollution, overfishing, and climate change cause biodiversity loss, deoxygenation, acidification, etc.,
which destabilize marine ecosystems [1,2]. It is essential to understand and to be aware of ocean-related
issues in order to protect our planet in general [3]. To conserve and sustainably use marine resources,
society needs to be ocean literate and understand the interrelationship between humans and the sea.

The necessity of marine and aquatic education was recognized in the 1970s in [4–8]. In 1996,
National Science Education Standards were published in the USA and the lack of marine topics was
recognized [9].

To address this gap in school curricula, a diverse group of scientists, educators, and policymakers
in the USA collaboratively introduced the concept of ocean literacy (OL) and developed the Ocean
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Literacy Framework in 2004, which includes a guide with seven OL principles and 45 fundamental
concepts. OL is defined as “an understanding of the ocean’s influence on you and your influence on
the ocean” [3,10], meaning that “an ocean literate person understands the essential principles about
the ocean, can communicate about the ocean in a meaningful way and is able to make informed
and responsible decisions regarding the ocean and its resources” [3,10]. Ocean literacy consists of
seven principles:

1. The Earth has one big ocean with many features;
2. The ocean and life in the ocean shape the features of Earth;
3. The ocean is a major influence on weather and climate;
4. The ocean made Earth habitable;
5. The ocean supports a great diversity of life and ecosystems;
6. The ocean and humans are inextricably interconnected; and
7. The ocean is largely unexplored.

The main goal of ocean literacy is not only to educate but rather to empower individuals to
make informed and responsible decisions related to marine resources and ocean sustainability [10].
OL has exceeded the borders of the USA and has been accepted worldwide. Adapting ocean literacy
content, concepts, and principles is important for transferring OL content to different regional scales.
Region-specific OL frameworks were developed for the Great Lakes—Great Lakes Literacy [11] and
recently also for the Mediterranean Sea—Mediterranean Sea Literacy [12].

Moreover, the ocean literacy concept has been recognized by the United Nations (UN) as one
of the crucial steps towards the sustainable future of the ocean. Therefore, in order to reverse the
decline of ocean health on a global scale, the UN has proclaimed a Decade for Ocean Science for
Sustainable Development (2021–2030), where one of the research and development priorities refers
to ocean literacy. Moreover, one of the key societal outcomes for the Decade is “an inspiring and
engaging ocean where society understands and values the ocean in relation to human wellbeing
and sustainable development.” This outcome calls for increased ocean literacy at all levels of society,
including education [13]. Additionally, the Decade fully supports the achievement of Sustainable
Development Goal (SDG) 14: Conserve and sustainably use the oceans, seas and marine resources
for sustainable development, which is one of the 17 SDGs of the UN Agenda 2030 for Sustainable
Development [14].

The importance of environmental education has been recognized at the international level since
the 1970s with the publication of the UN Belgrade Charter in 1975, followed in 1976 by the launch of
the International Environmental Education Programme by UNESCO (United Nations Educational,
Scientific and Cultural Organization) and UNEP (United Nations Environment Programme). Around
the same time (mid 1970s), the first investigations on students’ knowledge of marine issues were
performed in the US, but nearly two decades elapsed before two US commissions (the Pew Commission
and the Commission on Ocean Policy, 2003) gave recommendations about the urgent need to expose
students to ocean issues. In the same years, a number of investigations into primary and secondary
school students’ knowledge and—in some cases—awareness and behavior towards the marine
environment, were carried out in the US, in the UK, and in other non-European countries [8,15–21].
Studies among European students were few [22–25], and only three regarding the Mediterranean
countries [26–28]. Interventional studies are still very scarce [24,28]. Although environmental education
(later re-named education for sustainable development) is now included in most, if not all, European
school curricula [29], ocean literacy, despite its relevant role within the former [30], it has not yet
achieved comparably widespread diffusion [31,32].

Interest and positive attitudes towards the sea have been found in a number of studies among
primary school pupils, together with a generally low knowledge level and, in some cases, the presence
of ocean-related misconceptions [16,18,22,26,27,33–37]. These findings are related, with few exceptions,
to the scarcity of ocean-related topics in school curricula of many countries [26,28,32,38], which makes
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the teaching of ocean literacy optional and not granted to every student. Studies of the primary and
secondary school students also showed low and moderate knowledge level, with concern and positive
attitudes towards marine environment [21,26,34]. Studies of pre- and in-service teachers showed a
moderate level of ocean knowledge [23], and there is similar scarce to moderate knowledge also present
among the college and university students from different countries [18,26].

Non-formal education, together with formal and informal education, could increase ocean literacy
and contribute to the sustainable future of our ocean. In this paper, we mainly address the knowledge
level before and after an educational intervention and assess the effect of non-formal educational
activities on students’ knowledge and hypothesize that the students will show an increase in ocean
knowledge after participation in educational activities.

2. Materials and Methods

The study was performed in May 2018 in Zadar, Croatia (Figure 1), during the workshops
that were held as a part of the celebration event for the European Maritime Day organized by the
University of Zadar. Different topics about the marine environment were introduced to three groups
of school students: marine biodiversity and marine food web, overfishing, and ocean acidification.
Each activity consisted of a theoretical introduction where basic information about the ocean and the
abovementioned topics were addressed, followed by a hands-on activity, which individually involved
children in different actions (Figure 2). The marine food web workshop included a game in which
children students represented a specific marine organism. These “marine organisms” (students) were
connected with a piece of rope to each other in respect to their role in the food web. This provided
children an insight into the complexity of a food web and the effects of disturbances on the food web
and the ecosystems if one or more species disappears from nature. After the game, they needed to
draw these interrelationships using their examples of species and determine “who eats whom.” In the
overfishing workshop students learned about the impact of different fishing net mesh sizes on the
fish in relation to fish size and how this leads to overfishing. They made different sized fish using
the modeling paste and needed to pull them through pieces of fishing nets with different mesh sizes.
Afterwards, they discussed how modification of the mesh size can alleviate overfishing. In the ocean
acidification workshop, students learned about the dissolution of carbonate organisms and their shells
under high-acidity conditions. They set up the experiment using water, vinegar, and water–vinegar
solution; put carbonate shells of marine organisms into the liquids; and observed the occurring
processes, which was followed by a discussion about the occurring processes. These educational
activities were performed by the marine science graduate students.
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The questionnaire used in this study was developed based on previous research done
by [26,32,39]. The instrument was validated by Rasch analyses performed in previous research [26].
It comprised a section about demographics and non-formal education background, followed by
13 multiple-choice knowledge questions with three distractors and three Likert item opinion
questions [40]. The questionnaire was developed in English and then translated into the Croatian
language. The questionnaire addressed, with one or more questions, the 7 OL principles (Table 1).
The questions referred to the connection between the ocean basins, biodiversity, the role of the ocean
in the water cycle and oxygen production, the connection between the ocean and the climate, etc.
The paper version of the questionnaire was delivered to the students of the second grade of primary
school (8–9 years old). The same questionnaire was administered before and three weeks after the
teaching activity. The questionnaire did not collect any personal information. In order to ensure the
anonymity and the comparison of the pre- and post-test results, students wrote their code names,
which they used again in the recurrent questionnaire. Each correct answer had a value of 1 and
incorrect answer a value of 0. A total of 91 questionnaires were collected before the educational activity
and 81 (out of those 91 students from the pre-test) three weeks later.

Table 1. List of OL principles and their alignment with the questions.

Ocean Literacy Principle Questions

1. Earth has one big ocean with many features. 1,7,13
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
5. The ocean supports a great diversity of life and ecosystems. 4,9
6. The ocean and humans are inextricably linked. 12
7. The ocean is largely unexplored. 6
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The study design compared pre- and post-questionnaire data from the same pupils, before and
after the completion of the educational activities. Both the pre- and post-test questions were identical.
The feedback was provided after completing the test in the form of the number of correctly answered
knowledge questions, and the percentage of change in agreement with the attitude questions.

All data were organized using Excel datasheets and statistical analyses were performed using
RStudio 1.2.1335 and R software version 3.6.0 (R Core Team 2019, R Foundation for Statistical Computing,
Vienna, Austria, https://www.R-project.org/). In order to compare the pre- and post-education
knowledge test scores, the paired samples Wilcoxon test (also known as the Wilcoxon signed-rank
test) was used [41,42]. It is a non-parametric alternative to the paired t-test used to compare paired
data, which was used because the data were not normally distributed. McNemar’s chi-square test [43]
was used to evaluate whether the number of correct responses significantly changed from the pre-test
to the post-test for each of the 13 knowledge questions, as well as to evaluate whether the change in
attitude significantly increased.

3. Results

Overall, 81 second-grade students participated in both the questionnaire and the educational
activities. The girls and the boys were equally engaged (49 and 51%, respectively). Regarding their
previous involvement in the environmental activities, 98% (79/81) claimed they participated in the
activities organized by their school whereas 81% (66/81) acknowledged having learned the most
about the environment from their family members, followed by reading books, browsing the internet,
and from friends (58%, 49%, and 49% respectively) (Figure 3).
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3.1. Pre-Test

The average score on the knowledge pre-test showed 50.81 ± 16.28% SD (standard deviation) of
correct answers. The girls scored an average of 6.58 ± 2.31 SD of correct answers and the boys scored
an average 6.63 ± 1.92 SD. Only 19% of the answers given to Question 5 about the origin of rain water
were correct, whereas 85.2% of children correctly answered Question 2 about the origin of fish fossils in
the mountains (Figure 4). The analysis of students’ attitudes showed that the majority of the students
agreed with the statement in Question 14 (81%) and Question 15 (80%) about the ocean having the
impact on people no matter where they live and the need for ocean research in order to protect it,
whereas only 68% acknowledged the connection between their behavior and the marine environment
in Question 16 (Figure 5).

https://www.R-project.org/
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3.2. Post-Test

When the same test was given to the participants following the completion of the educational
activities, the girls had a slightly higher mean score than the boys (7.52 ± 2.50 SD vs. 7.29 ± 1.95 SD,
respectively). The overall mean score increased from 6.6 ± 2.11 SD (50.81 ± 16.28% SD) to 7.41 ± 2.23 SD
(56.98 ± 14.58% SD) (Figure 6). The biggest improvement was evident in Questions 8 and 9, whereas
Question 2, which had the highest proportion of correct answers on the pre-test (85%), showed a
decrease of 11% of correct answers in the post-test (Figure 4). The McNemar test showed that Questions
8 and 9 had a statistically significant (p = 0.025 and p = 0.001, respectively) increase in the number
of correct answers after the educational activities. Question 12 also showed an increase that was
borderline significant (p = 0.054).
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the interquartile range (whiskers), and the remaining outliers (dots).

The Wilcoxon paired samples test was performed on the same 81 students for the knowledge
questions and the results show that the overall difference in the number of correct answers between
the pre- and post-test was significant (V = 456, p = 0.001), therefore the null hypothesis of no difference
in true location shift was rejected, and the alternative hypothesis that the true location shift is less than
0 was accepted (V = 1314, p = 0.9995), indicating that the mean score of the pre-test was significantly
lower than the mean score of the post-test.

The student’s attitudes showed no statistically significant change after the educational activities
were completed. The increase in agreement with the statements of Q14 (from 81% to 83%) and Q15
(from 80% to 86%) was recorded, but Q16 showed a decrease (from 68% to 65%) in agreement with the
statement after the completion of the activities (Figure 5). It is interesting to note the increase in the
neutral “I don’t know” answer to Q16 after the educational activities (from 15% to 23%) (Figure 5).

4. Discussion

This study shows moderate knowledge about marine topics in the studied sample of Croatian
students, with an average of 50.81% of correct answers. Almost all of the students had participated in
some form of environmental activity in the past (98%) and the primary source of information about
environmental issues was students’ families. The seemingly low but statistically significant difference
in knowledge was recorded, and the results revealed that girls had a slightly higher score compared to
boys. Previous studies showed that girls had more pro-environmental behavior and attitudes [44,45],
which could also explain the better knowledge in girls. The TIMSS (The Trends in International
Mathematics and Science Study) 2015 international survey on fourth graders [46] also found no overall
significant difference in science learning by gender in the Croatian sample, but with girls performing
better in life sciences and boys in earth sciences. To generalize the results of this study, the sample
size should have been larger. However, the presented results show a moderate level of knowledge
and this finding is similar to larger studies of marine knowledge levels in students of similar age from
different countries and regions such as Italy, Greece, Canada, and Europe [21,22,26,28], but lower than
the knowledge level shown by Taiwanese students [47]. The moderate level shown by this study
could be attributed to the low presence of ocean science topics in the curricula, as well as the absence
of specialized marine-related teacher trainings. The success of environmental education in general
depends on teachers’ preparation as well as the quality of the environmental education curriculum [48].
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Therefore, ocean literacy education of pre-service and in-service teachers as well as the implementation
of ocean literacy in curricula could contribute to generating ocean-literate future generations [49].

Pressures and threats that are present in the marine environment are sometimes hard to understand
for the general public [50,51]. Therefore, the involvement of the scientists through scientific outreach
and dissemination can be used to improve this understanding and lead to informed and responsible
decisions concerning marine ecosystems by the general public, which includes schoolchildren and
teachers, but also other stakeholders such as policymakers, local communities, etc. [52].

The results also show the presence of certain knowledge misconceptions, shared by a majority of
our sample. Misconceptions have been defined as “ideas that are at variance with accepted views” [53].
They are not just mistakes caused by ignorance. In fact, since the 1970s, they been found to be
widespread in science and non-science subjects among students, adults, and even teachers [54,55].
In our sample we found misconceptions related to the origin of atmospheric oxygen and to the
connection of water masses. The first one appeared in 1991 in a very cited list of earth science
misconceptions [56]; the other was similar to recent results found by other studies [26,28]. In this
research, only 27% of the students answered correctly that most of the oxygen originates from the
ocean. Additionally, the question with the lowest number of correct answers was the one about
the hydrological cycle, where most students answered that rainwater originates from their nearby
sea instead of the tropical ocean. In this case, different researchers also evidenced the problems of
understanding all the processes and connections involved in the water cycle among high school,
university, and teacher students [57–59]. Water cycle-related misconceptions in children were also
reviewed by [16] and listed within literature-referenced weather misconceptions [60].

There was no significant difference in attitudes after the intervention, but post-intervention results
showed a significant increase in students’ knowledge and retention after some weeks had elapsed since
the activity, even though the students participated only once in the activity. This indicates that even
simple and single-event educational activities could improve marine knowledge. A couple of questions
showed a significant increase in the number of correct answers (questions about the origin of oxygen
and the blue whale as the biggest animal). One question showed a decrease in the correct answers
after the educational activity. This might be because of the different individuals who performed
the education. The educational activities were taught by several different students, which might
have caused some misinterpretation of certain topics. This implicates the need for consistency and
professionalism in the teaching approach.

The results of this study confirm the need for an integrated approach to the teaching of ocean
literacy starting with the early grades that combines fostering teachers’ professional development,
strengthening ocean-related topics in school curricula, and promoting non-formal educational activities
in collaboration with local science communities, aquaria, and science centers. In addition, a few studies
that investigated the knowledge of marine science among primary school teachers and student teachers
also found limited knowledge among these educators, who were expected to teach all the subjects but
did not appear to receive specific tutoring on ocean literacy [59,61–63]. Moreover, additional research
with a larger sample size is needed to generalize these results.

Ocean literacy is the baseline for ocean conservation and the sustainable management of marine
resources, especially at present, when the impending threats to the ocean (e.g., overfishing, plastic and
microplastic pollution, water warming, and acidification) have been widely recognized. Ocean and
ocean literacy are at the basis of many of the UN’s Sustainable Development Goals, especially in SDG 4,
SDG 13, and SDG 14, representing the framework for the promotion of ocean literacy through education,
as explicitly stated by UNESCO by setting specific learning objectives (cognitive, socio-emotional,
and behavioral) for each different SDG [64]. Therefore, “holistic and transformational education” is the
first imperative to build on in order to achieve “a sustainable, peaceful, prosperous and equitable life
on earth for everyone now and in the future.” [64].
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5. Conclusions

The results of the study showed moderate marine knowledge in primary school students.
The performed activities included knowledge transfer from the graduate level to the primary school
level. This significantly increased knowledge level three weeks after the interventional educational
activities, even though it was a single event. It therefore had a positive effect on the knowledge level
and contributed to increased ocean literacy. Boys and girls showed similar results, with girls showing
slightly more increased marine knowledge after the intervention. Additionally, the results showed
some of the learning misconceptions. Further research and a larger sample size is needed to obtain
more data to be able to generalize the present results. Including data about the attitudes and behavior
would improve the future research, as well. However, the results do indicate the need to implement
OL into teaching starting from the early grades by combining teachers’ professional development,
strengthening ocean-related topics in school curricula, and promoting non-formal educational activities.
Following the abovementioned results, we conclude that non-formal educational activities increased
ocean literacy in the sample student population. Understanding the interrelationship between people
and the sea is necessary from an early age. This way we can ensure that future adults make informed and
responsible decision that help to conserve and sustainably manage marine resources and ecosystems.
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